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METOIMKA PEKOHCTPYKIIMH
MOJAEAH CUCTEMBI
CHMIIATHYECKON
BAPOPEDAEKTOPHON PETYASSIIUU
APTEPHAABHOTO JABAEHBHS
110 3KCNEPYMEHTAABHBIM
BPEMEHUBIM PSI/IAM

A.C. Rapasaee, B.H. Honomapenxo, M A. Iipoxopos,
B.H. Fpudnes, A.P. Kucenéa, B.II. Be3pyrixo,
0. M. HocHenwrcoeda, A.H Cmpyniina, B.A. ilTeapu

[pessAaTacTes MOTOOHEA POEOHCTRYELNY NOAEABNGIG YPARHCERA CACTCND
CHMOATRICONOR BapopedacKTopHoi peryafmiu [CHF) aplepiankHara AaBac:
nia [(AJ) B Bane aadibePCHIMAARNAMD YRABHCHNE Nepeeio MOPALRS C© Sallal-.
Jis GATTEEM I3 RpeMenfhM peaauzrinax Afl B ocnone nodXong ACHUT npei-
apsennpll ABTOPEMH PALS: METOR PrroucpyRLENN MOArAci CHCTCN © 3atad-
RiHANMEH (SpaTROiE crziely, B Xoac cpasnelilf JECT CPHMETHAREBIX K MA-
ACABHBLY JANALIK TOKASHHO BEICGKOC REMCCTR0 DAV HIACMINX MaEAsH .

BregerE®

MoJeAEpOBAHRIC CHCTEM PETYAAODEH JSATEABHOCTH CeplctiHo-
cocyagceroll cEcrenml (CCC) B mocaefHee BpeMs MOCBAIUCHD JHA-
YHTEABHOE RoAmdecTB0 paioT. C 00H0H CTOPCOHEL, TRROC BEHMAIHHE
ofycAcEreED HVHISMEETAALERIM HETEPECHM HCCHEAOBATEACH, Ae-
ASIOIEN ¢ [OMOLRN MOCTPOEEHES MofescH NOAVIETE EB(HODMA-
nEie 06 yorpoitcTRe cHCTeM peryaanEn. C fpyToll CTODOHRS, CO-
rnacao {1, 2], mapameTpsl, oCebeNEOCTH QYHKITUOHAPOBARNT H
BRAAMOIeHCcTEEY IOACHCTEM PpPeryAMIPE OTPacKAaNT COCTOAEHC
PAZAHTEEIX OPTAHOB M HX ROAHYECTBEHERIC OLCHBRH, HOAVICEHEIS,
B “ACTHOCTH, ¢ DOMOLEI0 MOISAWPORAHES, H MOTYT OHITE HCIUAL-
30BAHEL JAR NRATHICTHRE.

B paborax [3 — 9] HkIaR ODpesroKeHR! MATEMATHYECEHRE MOILE
e cmeremel CEP Al B Boae audubepeHUBassablx YPaBHCHAR ¢
AANASALIBAHESM, CTPYETYPA HOTCPELX COOTEETCTEYET COBDEMCH-
HEIM NpeACTABACHHAM O CTPOEHEEH T0H CHCTEMBI, 3 MAPAMETEE
paenT (hHIEYeCKER cMuIcA. B yRasaHHaEIX paforax cTRPYHTYpa Mo-
JeARHELX YPaBeeHRH BROBpANACch H3 (PHIHOACTEUCCHAX coohpa-
Aeanili, A EOOFpeTHLIe SHaYEEEE OAPAMETPOE H HEAHECHHOCTE
rogGHpasnchk TaxEM ofpazoM, MTo0R MOZesh COECEBAAR YIACTOE
basopoll TpaeETopam, cOCTBETCTEYIOUmE HMewowEicd JKCOepH-
MEETAALBOH BpeMeEHOH peaiE3audd. BMecTe ¢ TeM HEH3IBLCTHH

(ot Lo SR e e o] G

TexHOAOTHE MHABEIX nnc'rem:,l 2007 r., T. 4, Ne 4




ZAHELIE MOMLITEE ReRKCHCTPYRIHE OaPaMeTPOE MOTEARHEIN yPaB-
HeHHEH, OMECRBARIEX cHeTeMy DapopehacKTOPHECH DEryASITEH He-
MKELRICTECERD OO SKCIepAMAaHTAALERIM JARELIM. JT0 MOEHL oFE-
HCERTE BexbipeKTEEROCTEI0 OPEMERCHHA K CHCTOMAM ¢ 3ATA3TR-
IAETEM FHAPEPCAALHBIN: HOANONOB SHHAMEYECKOID MOIeAHpPORA-
g [10]. [Ips peRCHCTPYRITHE MoJesed cHCTeM ¢ adspiFxol Heob-
RONENG HCIOABIOBETE CRATHAMHEE METOXEKH [11 ~ 16].

Fagee paMy ObIA Opef oien derod PeEROHCTRYRIAH MOIeAl-
HMY YPAEHERHD CACTEM ¢ 3a0AISRBARHEM N0 3HCTePEMEATAARL-
A XA0TAYECKAM BpeEMEeHHEIM pagasM [11 = 13], xoTopeiE memoH-
BEICOKYI0 3dwherTunumcocrs npm pabore ¢ IECOEpPEMEH-
TAABARIME OAHEBIME. D FacTomeH padorTe IpeasarasTed MeToad-
EA PEECHCTPYRIHY DapaMeTROB MOJASABHOTO YPABHEHHA CHCTEMBI
DapopepreETOPEOH PEIVARIAR Afl YeA0BEKa D0 FKCHePEMENTAN-
HEM BPAMEEHEIM DATEM Afl, B OCHOEE EOTODOH AGKITT IPeTAd-
AR H METOA PEHCHCTDYETITHH.

I TIHITIE

Hccaeoyeman cReTEMa

]
[

PECCMOTPEM Bosee DOAPODHEO CTPYETYVDPY MOGEAH HOCAETYEMOH
PETYAANEHR Ha OpRMeps MOISARHOND DReACTABMCHES,
IpETADERAONe B paboTe . Masenaca [7] (pEC. 1). ApTeprasnanie
CApOPeIeNTOPET H3MepAIoT: Beasdaay Afl. Hepaanie Boaok=Ea me-
NEFAKT CHTEAA 00 HiMeHenvn Al B UEHTRAALEVI0 HEPREY CHC-
pery (LIHC). B conmareyecknx orgesax IIHC mporcxo @T HexoTo-
pOe HeAHHeHHO® 1peofpasceagHe CETEa2AA. JoxbepenTHRIE Hepe-
HEE BOAOKHA HHHCPBHPVIOT COCY-
UOSBHTATEABERIE MBIITIIEL, BbBI3hI-
Had TX ¢OEpalllEHES IpH AKTEEER-
eulIHE CHMOATHICCEHX OEETPOE.
Y BEAMTEEHE TOHYCA RAZOMOTODOB
TPEBOMAT K YMEHLIIEHEIY I[IDHo-
PEHETA COCYAOR, B OEDEVIO OMEDETE,
[17]. uT0, B8 cBOM O4e-
&k, LDPHBOAHT H VBEAMIEHHES
/1, EIMeReHUe KGTOPOTD DETHCT-
0T GapopPEIETTONL, SEMEKAA
feTAR} OGDATECH CBA2H.
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XapaxTepEiyeT HEePIHCHHBIS CROHCTEZ COCYAOB H ApTeDEAARHRIN
GapopeenTopns; hyEEmEA [ ONECBIBALT HeapweliHoe mTpeodpa-
SOBATNHE, OCYIIECTBATEMOS C CHIESAOM B TMEETPAARELIN OTAEAAX
CAMTIATEYSCKOE HepBHEHOH CHCTEMEI, JRHAWMTHECHAH gepeseHAAan
x{t) oTpamacy BSMEEEHRE EC BDEMEET CHIHAAR B ACCACLYEMOM

KOEType perysstmad A,

JdaBBERe

COTHOCRTEARED SOCTYDERIM HMCTOMERKOM —3RCTEDEMEHTAARHRIX
JAHHEX B HAKleM CAYHae SRASIOTCH HABAsHBHERC IATHECH All. B
AIPCTEE BOXODNEIX AARAEIX MCOCABIOESANCE BREMEHHEIE DA
EHYTRAA0PTAALEBIX SATHCEHE worebauaH DaB,eHREH, BARTHIE A3 ap-
*UEA FHIF0ACTHYCCKAY CATEANME [18]. HeoGxonEMO OO TEPKHAYTE,
¥yTo HCXOAERS BpeMea=Enle pAARl All He TOS0IIT AAM HeDoCper-
CTEPHEONO HCIDARIOPREMST IPH DOCTPoeHEA MONSAH CHCTEME CEP.
Teao B Tom, 910 cErRas All sBafeTCA DEIYARTATOM BISPMOAeHCT-
APY HeCcLOABERN KOASDaTeAREEX cHeTeM. CHTYAIEKD OCACHREACT
TasEHite B CHTAAAC IEYMOB ¥ OOMEX pasamyaoli OIpEPoOIEL. JCHOB-
Hofi BEASS B cirEas Al BEOCAT B HOpMEe: IIPOLSCC © TACTOTOH OKO-
a0 1 Th, oTpasttanumi aRTOXOACCATEARHYIC AeATCARHOCTE CHEYCO-
BODO yaas, CECTEME] mapacHMOaTHIeckof (CCHOBHAA TacTeTa =
~(.25Tn) B cEMIaTHYecROR (CCHOBHAH “JacToTa — ~0,1 T1) pery-
aamEE AraTessfocTE CCC H AeATEARROCTE IVMOPAAREOH CHCTEME]
PEryAANEE (fAanazod JacToT = <005 I'm}). Taxam obpaszod, cae-
IYIOILEM ITAOOM IOCAS DETHCTPANEH AKCOePHMERTAALHONG PO
A/l SRASETCA BRIIEACHTE B3 Hel'd CHrHasa CUCTEME CBP.

Hamfoaee yA00ED OCYIIECTBHTE 3T0 C DOMOIIRID DEAFTPATHE
cErgasa Afl B TacToTEOR obaacta. Hamm Guaa paspaborada che
MHAALHAS METOHEA GEAFTpaUEH. B xoje JHCAeHERE HCCAST0EA"
BHF Ha OpEMepe MATEMATHTSCKOH MOIEAR H2 7] Bniac QORAIABED,
yTH yOOeHIHes BLILeseHHE CATHAAR CEP Mmo¥mo oCyUecTBATE ©
OOMOUEH (HBEARTpaN AR Eabarogassore paia All MEOTOTOAOCELTM
IpPEMOYTOALEEIM DEGPPOBED QHARTROM (pEc. 2). $PHALTP TAHOS,
JTO B Ere DOACCY TPOIyCEAATS Homaaror 1-, 3- B 5- rapMOEHEH
CHTEAAA HOCASTYEMOE CHCTEMEL, A ITEPEHA RAWCAOE B3 FTEN TOAM
cocragager 0,04 T TlogasaeHme HAW DPOTYCRAHASL BHHALTPOM 2-
7 4-H TAPMOERY HA FA9eCTEC PEEOHCTDYFIHE MOOSAH BARSET HE-
IEAUATEASEO. OIHAKC, OpP¥ AHAAESS SECIePHMERTAARHEIX JTAHELIX,
uToGEl H30EKaTh 3ABEAOMEIX N0Teph HRGQOPMAIEH, TP hAAKTPa-
1EH CHTHAAGE IOAOCH IPOMYCEAEAA (QRABTDA BEIOAPEAHCE TAK,
yTOOLE OHeCIeYnTh UPOIYCEaREe BCeX IATE NePRLIX TApMOHHER 0C-
goEmol waerotsl [~ 0,1 Tx) carmasa CBP. Taxau ofpasom, Ha-
OpEMED, €CAK YacTOTa CHIEAAA CHCTeMEL CEBP cocrapager 0,1 T,
o (PHAFTPAIAA CHTEANL OCYILECTBARETCA B DOAQCAX: [0,08; 0,12],
[0,18: 0,221, [0,28; 0,32], [0,38; 0,42], [0,48; 0.52] I'm. Ha
pEc. 2: g), ) - cerHAA He PEAFTDOBANCH, g}, 4 — NOJABAFAHCE BCE
CDERTPAALHEIE COCTABAMIOL(ES, KpoMe 1-, 3- & S5-# rapMoHAE OC-
HOBHOH MACTOTEI Iporecca (Joadca DpOyCHakBEs bEARTPA
[0,08; 0,12]; 10,25; 0,32]; [0,48; 0,52] Tn); &, € - JoNaBAAASCE
TOABED 5-8 TApMOHHEA (DOJABACHAE B OOAOCE [0,48; 0,52] T'g).

Jass peEOHCTPYEOHR HCIOARIOBAARCH EBASHCTAIAOHADHERLS
VIACTRE TOAYYAEMOR ¢ IHOMOLHI0 rakod HRARTPAOMH BpeMenHOH
peasnaatar X(1).
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. 2. o b o), O)— cnexrper $vpee; 8, 9, € - Boc-
SHHbIC IIPH  PEKOHCTPYKIH  MOAEABHOTO
FpacBerts p2 |7] Heandeluie dyroanm [mpe ama-
HFRITTY. T8 paMeT OB JArasIEEaHT ™36 ¢ B HEep-
: e=2¢

] Pmmﬂ MOOCAPHOTO YPEBHEHEN

faX YEaTLIBAAOCE BEILIS, HAMH Bhla TPERACHEH
METON DEKOECTPYVEOEN MOJeABHBEIN YpaBHeHHH
C 3ADA3BIBATONERE obpaTHoll CcRAIRI0,
ASTRO LT o0 BHEHCOCPHMEHETAARPHEIM CE2-
ITPEHEM BPEMEEAEDNS DESAM BOCCTAHABARSATE
HapaMerpsl ypaeeeHRH BEA (1) [13). B oczons
*uem,.qa ACIKAT CTATHCTHYCCKHH aHaAH3

(OPEFEACHEA JIHCTDEMYMOE  SKCOepPHMEE-

BEICr BPEM&H‘_E[G:E pEaAIalTHE H OpoanHpo-
Banwe ajoscE TPACKTOPHHE CHCTEMLI ¢ 3883
ik B B e Ha CTIeIIAARR AT M IJEPE.EIQH 'E-Hlﬁpa'-'a'
Y MACCEOCTL. CacdeT KOATYeCTBeHHRIY Mep

BRI TEL

hamEocT Tpoekmed {11, 12] nosseaner ome-
SHES SHETEAHA TapaMerpos £ B T BOCCTAHAE-
DBAMIOTS MOJEAREOIT YPAPHEHEH ¥ PeEOELT-
> HenHHeHEYIo dyarrene [ .

Hnme OpefcTasies ApPEMEp o0paloTEH
_11.4 |.|| 0 pEAA «ARTy = BHYTDHEODTEARHAA
Sorwcr, Afl ¢ wacroTol mEcEpermaanm 360 I'm,
| SHHOTO B3 tb&ﬁ.ﬂ.ﬁ_ «mghz-ﬂlg-datr [lE] Prx
PHARTDOBAACH OLACREHEIM B OpeIblIyIIEM pas-
e, coocefoM,  Hoasca CPOODYCHKAERHS:
0.08; 0,12], [0,18;0,23], [0,28; 0,32],

E' '.ll;I rd

Wi

DADT'HE EHHRLALX ¢EETEH‘. EMT I."-, Iy 4, HE 4

[¢,38; 0,42], [0,48;90,52] [u 3a-
TeM, pAf OpopeXxHBascA ¢ 360 oo
10 I'm, Hs esanTpoBAREOTe H OROPe-
FMEHEOTD PAIA «HA raass Dhla BRIIeASH
AAf OpHMeRERHd OPODESVPE PEeEOECTPYRLEH
KEASHCTATMOEADHEIH yUacToR () JAHTeARHO-
TR 1470 ¢ [~ 13 Thic. sravyeRnd), HAYPHAS C
30 ¢ wexonHEON peasHzanpH. TaERM obpasoM,
3 SHAARZHPYSMOTC YIACTEA OBIAH ACKAMSERAL
CHABHO HE CTAOECHAPERIE YHACTRD, apTechakTh
B CHEMEHEC BAMANHe KpPASBRIN 3DEKToB
PHARTDAITHE .

K OOIrOTORASHHOMY TAKAM obBpa3zoM Bpe-
MEFHOMY DAY X(t) DpEMe=Essace Mo gadHIN-
POBAHESA TPeNelypa PeKOHCTPYRIEH, Oxasa-
AOCEH, YTC BOCCTAHOBAGEHSIE SHAYeHHET BheMen
AHEPOEOEHOCTA H 3anasiReamnda, € =2,1¢ =B

I =2,bc COOTBETCTBEHHO, ACTHAT B E3IBSCTHOM

NOpBEOope (PRINOAOTVYHEIY IHAYCHUH, a BoC-
CTAHOBASHEAA HEARECHHEZA QYEEUES BMeeT
BHI, OPeACTABACEERIE Ha pac. 3, a. BEgHo, Y10
OHA COCTOAY H3 ABYX BeTBeH. Beren, noMeden-

HAa" EpeCcTAMH, COOTBCTCTEVET YHAaCTEY Bpe-

MEHEDH PCANAZEIIAA, HA KEOTOPOM BeATTHHA
W
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cETHaAss X{f] BOIpPACTAET, BETBE, Io-
MedeHHad TOYRAMH, — @ VI&CTEY
YMEHELIIEHHAA BMIAETYVARL BCCACTYE-
MOTO CHIEIAA.

Jdan NposspER BOCCTAHOBACHHEOH MODGAR
ofie BeTEH BOCCTAHOBACHHOE HeAHRBEHHROR
(hYEETHE AONpPOKCHMHDOEAAKCEH, MOASARHOE
YPABHCEHRES YRECACHEC HETErPHPOBAAACE C BIXK-
CTAHOBAEEHLIMHE FEIMEEHMME NADIMeTPHOR £ H
f H OCYIISCTBASAOCE CPABHEEHE MOAEARHOR &
IKCHECPHMEETAAREOE BpeMeHARIE PeAATIAITHA.
Has pre. 4 EHIRO, YTO BOCCTAHOBACHEAA MOQEAL
JAeMOHCTPHPYET AQpOillee EadecTEeHEC: H EO-
AHYECTBEEHOE COOTRETCTRHE SECISPHMEETAAL-
HhIM JARHLEIM. CpABHEHHE HeARHEHERDK CFyss-
IHH, BOCCTAEOBACHERIX 00 SKCTepIMeETAARHOH
x(1) (pEC.3, @) B MoacAEHQE {pHC.3, §] BpeMen-
HEIM PeasHSanHAM, TAKEE TOECPHT 0 XOPOren
EaYeCcTRE DOCTPOCHEDE MOJCAHR
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Pie, 4.  Cpasusiie: @ ~ SKCMEDHMEHTaARHOH
{CrIsolIHAS ATTHILE] 1 MOLeAbLHOH [ITYHETHRHAT AMHITT)
BPEMEHHED PEAAH3ALHE H 8 — HX Y pEe-cNIeKTPOB

ObcyIeane

HemoansoBRadde ODEHEH COCTOARHHA CHCTEM pe-
TYAAIIHE B ERHecTBe HoXkaszatend CoCTONHER HE-
HOTOPRD OPrafdoR ¥ CcHCTeM OpraEHIMA ABAHET-
cd OTHOCHTEABHO HOBHM H BECEMA NepCimek-
TEEHEDd HANDEBACHESM COBPeMemsoi wMe -
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TexmoaorHE MBEEEIX cHOTeM, 2007 r., T. 4, No 4

HEI [1]. PassaT@e MeTOJOB OINEHEH COCTOAHES
OOACHCTEM HEPBHOH PETYAIIEHE JSATEABHOCTH
CCC ¢ DOMOLBK BOCCTAHOBARHET MATEMATH-
QecEHX Modescl ITHX CHCTEM, DapaMeTphl Eo-
TOPBHIN MOTYT HMETh (PHIFOAIHIECKYIC BETSR-
OpeTaORIo, HenocpeJeTREHHC N0 IRCIePHMEH-
TAARERIM JaHEBIM, MOMHC IOYTOMY CUHTATE
BAXREBIM LIATGM B PAMEAY TAEOTO LOAX0IA.

Ha pyTH DocTpoeHAA MOIEAeH TAKHEK CHC-
TeM HCCARTOBATEAID OPEXCGIATCA CTAARRBRTECH
¢ pageM OpobaeM. JT0, HapHMep, BeOGXOTH-
MOCTE BEIIEASTS CHPEAAR] peTYAATOPHLIX CHC-
TEM, HEMOCPEACTREEHAA PerECTRALEA EOTOPHX
SATPVANEeHA, B3 CHIHEAAOB, JOCTVIERDY JAA Mac-
COEOE pergcTpausn (A, KapTHOEHTERBAAO-
rpamMMa 2 op.). Bulfesedme 3THX CHTHAAOR MO
FeT OHTh peaslsoBane, HAOPEMED, © MOMOTITHED
HEARTPATEE HCXOTHBELIX CEIEaACE B SACTOTHGH
obAaCTE.

B nociaegHes BpeMf AKTERHO ECOOABRIVIOT-
CH @ OpYTHe MeTor, TAEAE KaE PaisiienHe
Ea 3MOEpHIeCKH: Moapl+ (empirical mode de-
composition) [19], redBaer-avasna [20] 5 gp. Ho
OpecTaBaAeTed NpeBieMaTHYHEDM BHpaboTEa
YEBBCPCRARELIX DellleHHH fan moabopa Dapa-
METPOR +IAPAMETPIIECKEN MEeTOA0R BRIIEAC-
HEA 3THX CHTHAADE [(IIMYPHHA IOAOCED IpPOIYG-
Eages, A9 @ YN dEARTpoR, TapaMeTph
BEHBAET-NpeobpArMIBARER] H BETePIPETAITHE
PAAYARTATOR, OOAYIEHBAEIN  TOMOIEI «Hema-
pPAMETPHIECKED: METOL0B (pazaoimeHHe Ha SM-
OHEPHUCCHKHEE MOMRI]; MOMHC JCHCOHEBATHRCH
AHUTE Ha pexoMeEnamaax. [lpm pazpaloTEe me-
TOJHET BREIICACHHA CHIHAasa cHeTeM= CBP H3
pAga Al MBI OCHOBLRIBAATCE HA PEEOMER JATTHAX
m3 (21]. 3EavwresnHEIe TPYIHOCTE Ha DYTH pe-
ROBCTRVKITAR 0 SECHEPHEMEHETAARNRM JTATHEM
MATEMATTICCEEY Moaeaei AHOAOTHISCKEN CHC-
TeM, CTRHYETYPA EOTOPRIX BRIfpaHa B3 QE3EOAD-
IHIECKER Coo0pasenHl, BEIIBLIBAST, IAYaCrTYH,
WCARFHOGCTE CTPYETYDPLEI  BOCCTERABAHBASMEX
mogenel, oBAaTAICIIEY BECOEOE paIMepHOCTER
H TpeOyoupmx moabops IHAYETEAREOTC “ECA3
OEpaMeTpoR. HACTO «YHHBEPCAABMAIS? METORH .
PEEQHCIPYEUHE, OCHOBAHHLIE HA BOCCTAHOBRAE-
R Halosere OpOCTPARCTRA ¥ PEKIHCTDYEILEE.
IpaBhIX YacTed ROCCTAHABATBACMEIX JEGMpe-
PEEOHAARHEIX YDABHEHEH B BHIS, RATPEMe]p,
asrefpagyeckort MOARHOMA, OKIIBEAIOTCA He-
sixpeETEEEEDME [10]. B mawen cayiae, mag pe-
EOHCTPYEIEH MOISAREON YPABHEERA CHCTOML
CBP B BHOe TAdMpepeHITHAALHOTO YPAREEHES ©
sANasgEBaEAcy ACIOALIVETCH UPEeIA0HReHHRNH
AFTOPAME paHes CNeOHAARIRPOSSSHLIA MeT0,
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paboroczacdHOCTE KOTopore Dnlra NpoTeMOR-
CIPAPOEARA B X0A¢ KOMIBRTERHOTO MOJRAHPO-
RAEWE H HATYPHOIG akchepiMenTa [11 - 13].
B moax3y SASEBRATHOCTH IOPEIAOTREEEGTC B
[7] MogessHOIG UpeAcTaBRAGHMST 00 ¥CT-
pe cEcTenMest CBP roBopaT mBa daxta OTo,
IB-TepBEIY, OpelcTabacHBEEIe B famdol pabote
[PeVARTATS! PELORCTIYVHITHE MOIeARROTD YDARHE-
HEA B BEEAe (1], KOTOpoE YOHeuso Opoille BepH-
UHEGHITHN? B XOf2 CpAaBHEEHA IHCHCPHMEHTAAL-
FiX H MOJSAGHELX BpPeMEHHEX pPessn3anmgl =
CICETTOB MOLUIEOCTH. ETQP]:CI}[ BEPIYMEHTOM HE-
MWITCA peIVARTATHL, HOAVICHIEEIC B PEIEUTE [22]!
e accacgosasack a3opnad CHEXPORHEIALEA
ayh]  CHMOATHYCCKOH PEryndITHH [Jes-
eabgorTe CCC gexamden. BhIsa moxazasEa xo-
POTIER  COTAACOBAHEOCTL [IOBEIEMHA MOMEAE B
R ik {1} O BEEITAHM Bﬂaﬂ,&ﬁﬂ'I'BHEM T pesyak-
PATAVE, TOAVIEEHEWE B SKCIEPHMERTE. '
B [3 - 6, 8. 9] npenaaralored paspadoraz-
Hhie B3 (prasposctAecKEY COODDEAERRT MOAAT
KOHTYPOD DEeryAMIAH AedTeAbHOCTH
H, B HaCTHOCTH, cHcTeME! CEBFP. JTH Mogean
HEEEOTOPEIE OTARYHS OTHOCHTEARHO (1)
HaopeaMep, B P@_EQTER 13, 5, El] YUHTBEIBECT A
panmuoneficTEHe cReTeMEI CBF © gpyruam cHEe-
PeMAMA PETYARITHE, B {4] yMHTRIBACTCA MOTYAA-
IaY GApaMeTpoR cacTeMbl CEP moa BDEEEfIﬂL
REEM RECTEPATOPRON CHOTEME] H HP-
llpeacTaBganeTcd DepeieKTHEHLIM  BECTH
qarkEeiinyio pabory B HAOpABACHEH y4UeTa B
MOTEAR HCCARTVEMOR CHCTEME! ¥TEX GaKTopoR
& paspaloTEH COEOHAARIECOBANHON MeTOIREH
PREOECTPYRIGHE [Ad BOCCTRHOBACHES YCAOH:-
Hegnord TAKEM CcOpazod MOASARHOIO YPapBHE-
gra. [lepcriexTaBEOR 3aqadeH MOS0 CYBETATE

o TeH

i ]

TAKKEe pajpalboTEy MeTOOEKE PeXcH-
CTPYELME MofjeaR cBCTemunl CBP oo
BPSMEHHLIM PROAM CHTHAACB, PErE-
CTPRIES KOTOPEIX HE Tpedyer HEBA-
SHBHOTO BMEIIATEARCTEA.

JaKANUOE A

B xome paGortel ObIA& OPeIAOMKEHA METCAEEA
PEROHCTRPVRLUMT MOJCARHOIG YPABHEHHER CHCTE-
wil CBP A/l yeaosera OO 3KCOSPAMEETAABHEIM
BpeMeRHLIM pAaM AT MeToauka BEAIOYUAEY B
cels npoledypy BbioescHpd cArEasa CHBP =3
speMeRRoE  peasmsanyE Al ¢ TOMOIDEO
QEALTPEE 3TOTO CHCHANA B JACTOTHCH o6
AACTH A PEKOECTRVRIAN HAPAMETPOR MOIEAN C
MOMOIBI OPESAOKEeHHEOTO papee MeToJa pe-
EOHCTPYELIMY CHCTEM C saras uBaourel of-
PATEQN CBAILI0 OO IRCTePHMEETAABEHM pea-
AzalTHAM. TeCTHPOEASBEHE NOAYYEHHRIX B XOIE
PEEOHCTRYHUMH MOIEACH AeMOHCTPEPYET HX
ERICCEOE Ka4eCTEOD.

TecrpoeEHe MATEMATHEACHOE MOJeAl CHE-
Teutt CBP 00 3RCHEpAMeHTAALHEBIM JAAHLIM
ABAGETCA DEPCIEKTEEEBIM METOA0M, IO3BG-
AHIOLIMM GCYINECTBAATE OLEHERT HEEOTORAIY IA-
pameTpoB CCC @ mepBHEOR CHCTEME! HEADBCERA
fez EX HeloCPeICTBEHHOIO HIMEPREHA (BpeMd
OROXQATeHEH CHETHANA 10 HePRELIM BOAOKHAM,
HEePIIHOHHEEIE CBOHCTBA APTEpAAMGHRIX Japo-
pPeIleNTGPOoE H REM HeAHASHAmort Npeolpaiopa-
HHA, GCYIecTRAAEMANe ¢ curgasom 8 LHC).

PaSoTa PBMNOAMeHZ OpH FoagepxEe PP
(rpaxcT NeD5-02-16305), mporpamus: PAH «Pym-
DAMEHTRALHBME HEYER — MEAAse: 2 PoHIe He-
ECMMEPIECKHE IporpanM “IrracTas”,
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RECONSTRUCTION OF THE SYSTEM OF BAROREFLEX ARTERIAL
PRESSURE REGULATION FROM EXPERIMENTAL DATA

AR Karapaew, V.I Ponomarenko, M.D. Prokhorow, V.1 Gridnew, AR Kizseley,
B.P Bezruchka, OM. Posnenkova, AN Sirunina, VA Shuortz

The problem of modeling the regulation processes governing the cardiovascular systerm dynamics at-
tracts a great interest in recent years. Various mathematical medels have been proposed to describe
the behavior of the system of baroreflex arterial pressure regulation. The maost of these models have
the form of delay-differential equations with the parameters having a certain physiclogical sense.
However, the problem of reconstructing the parameters of the model equations for the system of
baroreflex regralation from experimental data has not been solved until now.

In the present paper we propose a method for recovery the parameters of the model equaticn
for the system of blood pressure regulavion from experimental time series of human arterial pres-
sure. The model can be represented as a ring cscillator with time-delayed feedback composed of
the delay, nonlinear and inertial elements. Such medel is described by a first-order delay-
differential equation.

The experimental data were the time senes of invasively measured blood pressure oscilla-
tions taken form the free archive of physiological signals. The sgnal of arterial pressure con-
tains infoomation about several rhythmic processes operating within the cardiovasculat system.
Its investigation is complicated by different disturbances and high level of noiwse. Thus, before
reconstructing the model equation one has to apply a procedure of preprocessing to experinen-
tal data. [ our research we used a method of frequency filtration for preprocessing the signal of
arterial pressure. A special procedure of sigmal filtration has been proposed. This procedure is
besed on uging a digital rectangular bandpass filter with several bands. Such approach allows
us to extract successfully the signal of the system of baroreflex regulation having the basic fre-
quency close to 0.1 Hz. The quasistationary parts of the filtered time series were used for fur-
ther model construction,
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To recover the model equation we use the method of time-delay systems recon-
struction from experimental scalar time series proposed by us recently. This method is
Based on the statistical analysis of time intervals between the extrema in tume series of
i time-delay system and on the projection of a wwajectory of time-delay system from its
Snfinite-dimensional phase space to low-dimensienal subupaces. Calculating the gnantitahve
bncasures of smoothness for the projections we are able to estimate the delay time, nenlinear
panction smd the parameter, characterizing the inertial properties of the system.

To verify the reconstructed model equation we approximate the recovered nonlinear function
ind integrate the equation using the parameter values estimated from the experimental time se-
fies. It is shown that the recovered model demonstrates the behavier qualitatively similar to that
pbserved in the experiment and its time series are similar to the experimental ones. Close coinci-
Benee of the nonlinear functions recavered from the experimental and model time series alse indi-
gates that the quality of the constructed me<del is sufficiently good.

} A perspective task for further investigation is the development of a procedure for reconstruct-
Py the model equations for the system of baroreflex repulation from noninvasively measured ex-
Perimental data. Constructing mathematical models for the systems of rhythenie processes regula-
Hon within the human cardicvascular system allows one to obtain the estimation of varous im-
portant parameters from the observed time series without conducting special complicated expen-
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