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CuHepreTka M ee KOHUEenuusa napameTpoB Mopsiaka MO3BONSAT rryoXe MOHSATb MeXaHWU3Mbl
PYHKLMOHUPOBAHUA CMOXHbBIX CUCTEM WM ONUCaTb MX C MOMOLLBIO MPOCTbIX MOAErNbHbIX ypaBHeHWW. B
YacTHOCTW npeacTaBnseT 6onblon MHTepec undgposas 06paboTka M3MepuUTEeNbLHON UH(OPMAaLMK C Lienbio
NMOCTPOEHMSI MOAENBHOINO YypaBHEHWs MynbcauuyM apTepuid. B kauyecTBe uamMepuTenoHOW WHOpMaLum
ucnonb3yeTcs MNynbCOBbIN curHan. B coOTBETCTBMM C KaHOHaMM TUBETCKOW MeaWUMHbI Takas monenb
Mo3BOMNSEeT ONpeaenuTb pasnuyHblie 3aboneBaHus.

HeCoMHEHHO, YTO MOOENU HOCAT HENUHENHbIN xapakTep. OgHako cornacHo teopeme pobmaHa -
XapTmaHa, B HEKOTOpPOMW OKPEeCTHOCTW OUHaMuyeckas cucTtema TOMOJSIOrMYEeCcKNn 3KBMBANEHTHA HEKOTOPOW
nNHenHon cucteme. B paccmatprvBaeMoMm crnydae TakoW OKPECTHOCTLIO SIBASIETCHA MOMOXKEHMEe YCTONYMBOro
paBHOBecuUs B BuAe npedenbHoro uvkna. Moatomy paccmoTpmm MeTod MOJSlyYeHWUs MOAENU MNynbCOBOro
MexaHu3ma B Bnae NiMHernHbIX anddepeHumnanbHbiX ypaBHEHNN HA OCHOBE BOSTHOBOro noaxoga [1].

Pernctpupyemble GuocurHanbl (CepaeydHble puTMbl, MyNbCOBbIE CUrHasnbl, YHKUUU BHELUHEro
ObIXaHns1) MMET XOPOLLO pasnuyumble BonHoobpasHble copmbl (puc. 1). NoaTtoMy K HUM MOXeT ObiTb
NPUMEHEHO BOMNHOBOE NMpeacTaBneHne.

Puc. 1. 3annce nynbcoBoro curHana

JInHeHoe BOMHOBOE oOMMCaHWe - STO NpPeAcTaBfieHUe perucTpupyemoro curHana w(tf) B
(PYHKLIMOHAINbHOM MPOCTPaHCTBE, B KOTOPOM 6a3nCcoM ABMSIETCS KOHEYHbIM Habop dpyHkuun f(f), i=1,..., m.

w)=c i)+, [, +...+c, [, (™

34ecCh C;j - 3TO KyCOYHO-MOCTOSIHHbIE BECOBbIE KOA(DUNLIMEHTDI.

CurHan w(f), cornacHo ypaBHeHuto (1), MOXET ObITb NpeacTaBreH B MOMEHT BPEMEHU t HEKOTOPOW
B3BELUEHHOWN NMHENHOW KOMBUHaLMeNn N3BeCTHbIX B6a3ncHbIX yHKUUA fi(f), MMeoLWmnX Hen3BeCcTHbIE BECOBbIE
koadhpuumeHTbl ¢;. MNpryem KoapdUUNEHTBI ¢; MOTYT BpeMS OT BPEMEHWN CKAYKOM U3MEHATb CBOU 3HAYEHUS
CMyYarHbIM KyCOYHO-NMOCTOSIHHLIM 06pa3om.

[ns uccrnegoBaHWs NOBEAEHUS] CUCTEMBbI 4YacTo yaobHee Mcnonb3oBaTb OMMCaHWE CUIHanoB He B
BuAae ypaBHeHusi (1), a B BuAe ypaBHEHWS COOTBETCTBYHOLLEN MOLENN COCTOSHUSA, MpeacTaBrisseMon
anddepeHumanbHbIM ypaBHEHNEM, KOTOpOMY dyHKUMS w(f) yaoBneTBopseT noytn scody. [Ans nonyyeHus
Takoro guddepeHumansHoro ypasHeHus yaem ncnonb3oBaTh TEOPUIO ONEPALMOHHOIO NCYUCTIEHNS.

YpaBHeHne (1) MOXHO paccmaTpvBaTb Kak U3BECTHOe obllee pelleHue WMCKOMOro HEU3BeCTHOro
anddepeHumnaneHoOro ypaBHeHus moaenu. 3OTa 3afjaya (0aHO pelleHue, HamTu ypaBHEHWE) B Teopuu
anddepeHUmnaneHbIX ypaBHeHUM Ha3biBaeTcs obpaTHoW, M B obwemM cnydae OHa WMMeeT MHOXECTBO
pelieHun. B gaHHOM cny4vae 3agava obrnerdyaeTcs, Tak Kak M3BECTHbl 6asucHble yHKLum f.

Mpeanonoxum, YTO ANs Kaxaow Takon dyHkumm f(t) cywectsyeT npeobpasoBaHue no Jlannacy

_P©
T=0 6

KoadhdumumeHTsl ¢; Byaem BpeMeHHO paccMaTpuBaTh Kak KOHCTaHTbl. Toraa

e . . _ P
wis)=c, - fi(s)+c, - [L()+...+¢, - [,(5) Q(S)’

rae P(s) n Q(S) cooTBETCTBEHHO NOMMHOMBI P -1 U q -1 cTeneHun, 0 < p< g < oo,

MonuHOM umcnuTens  BKNIOYAET KOAPMDUUMEHTBI C;, a TMONMHOM 3HaMeHaTens dABnseTcs
HaMMeHblUMM OBLWMM 3HaMmeHaTernem cpean  COBOKYMHOCTU  MONMHOMOB 3HameHaTenen Qfs) B
npeobpasoBaHHbIX No Jlannacy 6asncHbIx dyHKUMSX f(S).

Mepenuwem ypaBHeHue (3) B cneaylowem suge
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_ b .
w(s)= 70 P(s) (4)

Torga curHan w(f), kak yka3aHO B [2], B COOTBETCTBUM C TEOPUEN OMepaLnoOHHOro WMCUUCIIEHUS
MOXHO paccMaTpuBaTbh Kak BbIXOAHYD MEPEeMEHHY0 (OUKTUBHOW NUHEWHOW OMHAMUYECKOMW CUCTEMbl C

1

nepegatodHon dyHKuMen, paBHoM ——~. Ha BXxoge TakoW CUCTEMbl CUrHam OTCYTCTBYyeT, a ee
O(s)

(yHKLMOHMPOBaHME — 0BECNeYnBaeTCs HEHYNeBbIMU  HauvamnbHbIMU  YCIOBUSIMK.  [pyrumu  crioBamu,

Herynesble HavanbHbie ycroausi {w(0),%(0),(0),...} npu ncronssosanum npeoGpasosanus Nannaca

[atoT nonvHom P(s) B ypaBHEHUN (4).
MpeacTtaBum cyHKUMO Q(S) B BUAE

Q(s):sp +qps’H +qp_1S‘D72 +...+4,. (5)
Torga curhan w(f) ygosneTBopsieT NWHENHOMY OAHOPOAHOMY AudbdepeHumnansHOMY YpaBHEHUIO C
NOCTOSIHHbIMU NapaMeTpamu:
d’w d"'w d"*w dw 0
07 +qp e +qp_1 e +...+¢q, " +g,w=0. (6)

KoadhdmumeHTbl g; 3BECTHbI, Tak Kak OHW OnpeaensioTcs CTPYKTypon npeobpasosaHus flannaca ot
6a30BbIX PYHKLMUN f;, KOTOpbIE NPeanonaralTCa N3BECTHbIMM.

Bollwe npegnonaranock, YTo KOAMULIMEHTLI B ypaBHEHUM (1) ABASIOTCS NOCTOSIHHBIMU, U NPU 3TOM
npeanonoXxeHun Obino  Mnofny4yeHo ypaBHeHue (6). YTobbl ydecTb MaTemMaTU4eCckn BO3MOXHbIE
ckavykoobpasHble N3MeHeHUs Ko3PPULINEHTOB ¢;, B [1] npeanaraetca nobaButb K OHOPOAHOMY YpPaBHEHMIO
(6) BHewHOW BbHYXOawwyw cuny o(f), koTopas COCTOMT U3 MOCregoBaTenbHOCTM  CryyYarHO
NOABNAOLLMXCS UMMYNbCHBIX YHKUMN [upaka.

Takum obpasom, MoAenbHOE ypaBHEHME OKOHYATENbHO NPUMET BUg

d’w .d’”_lw

ar g

3ameTum, 4TO MMNynNbCcHas BblHYXAawWwasas dyHKunsa Jo(f) CoBepLUEHHO HeusBeCTHa W BKIOYEHa B
MaTeMaTUYeCKyl0 MOAENb C CUMBOSMYECKOW LIENbio ANsi ONMCaHUSA HEU3BECTHbLIX CKaykoB KO3(hhuLMEHTOB
¢. Kpome TOro, ckaykum koadULMEHTOB, BCreacTBME BBEAESHWUS UMMYyNbCHOM dyHKUMK &(f), npuBogAaT K
«obHOBMEHNO» Mogenu. [OpyrMMu crioBamu, MOSIBIIEHWE WMMYNbCHON BbIHYXAatowen yHkumMmn &) Ha
BXOAE CUCTEMbl MPUBOOUT K TOMY, YTO MOAENb CTapTyeT Kak Obl 3aHOBO, C HOBbLIMW HayarbHbIMU
YCINOBUSIMMU.

PaspaboTtaHHast mogenb (ypaBHeHue (7)) onucbiBaeT PyHKLMOHUPOBaHNE NNHENHOW CTaLMOHapHON
CMCTEMbI C HEHYNEBbIMW HaYvarnbHbIMW YCIIOBUAMMW, KOTOPas reHepupyeT BONHoo6pasHble curHansl w(t). Mpu
3TOM ecnu w(f) ABNAeTCS MHOrOMEPHbLIM BO3MYLLIEHNEM, UMEIOLLUM | KOMMNOHEHTOB, T.e. W = (Wy, Wy, ..., W),
TO MoJernb COCTOSAHWUS BMAa (7) AormkHa BbiTb NonyyYeHa ANg Kaxaon He3aBUCUMON KOMMNOHEHTbI W((t).

Anropnt™ dopMUpoBaHUa MOAENN CUCTEMbI B BUAE NUHENHOIO AnddepeHunansHOro ypaBHeHns p
- O MopsAKka COCTOUT U3 CriedytoLmX LLaros.

1. BblgBneHue 6a3ncHbIX PyHKUNUIA f; akcnepuMeHTanbHoro curHana w(t).
2. TpepctaBneHune npeobpasoBaHHbIx No Jlannacy 6a3ncHbix dyHKUUA B BUAE (2).
3. Bbluncnenne nonmHoma Q(S) kak HavmeHbllero obuwero 3HameHaTens cpeau 3HameHaTenen
npeobpasoBaHHbIX No Jlannacy 6a3ncHbIX dOYHKUNNA.
4. dopmmpoBaHue KoadpPULNEHTOB g;, T.€. NpeacTasneHne Q(s) B Buae (5).
5. ®dopmupoBaHve mogenu cuctemsl B Buae (7).
OCHOBHOWM TPYAHOCTbIO, C KOTOPOW CTankMBaeTcs wuccregoBaTenb MNpyu  MPUMEHEHUN
BOJTHOBOrO Mnoaxona, siBNsAeTcs BblOop 0asncHbIX yHKuun B ypaBHeHumn (1). OT aToro Bbibopa 3aBUCUT
YuUCreHHOe 3HayveHne nopsgka ypasHeHus (7). Tak, 6a3ncHble yHKLUM, KOTOpble annpoKCUMMPYIOT 3anuchb
curHana w(f) Ha OTHOCUTENBbHO AMNWHHBIX MHTEPBanax BpeMeHW, NPUMBOAAT K MEHbLUMM 3HAYEHUsM nopsiaka
3a CYeT YCnoxHeHuss anrebpandeckon CTPYKTypbl ypaBHeHus (7). Ecnu xe f(f) BblbpaHbl Tak, 4TO
annpokcumMmpytoT w(f) Ha OTHOCUTENBHO KOPOTKMX MHTEepBanax, To CTPYKTypa ypaBHeHus (7) ynpolaeTcs 3a
CYeT, KaK npasuno, 6onbLIero 3Ha4YeHus nopsigka.
Kpome Toro, BbIGOp 6a3nCHbIX YHKUUA onpedenseTr 4acTtoTy ckadkoB C;. [losTomy
0asucHble yHKUMKM B ypaBHEHMM (1) OOIMKHBI BbIOMpaTLCA Tak, YTOObI YacToTa CKA4ykoB C; Haxogunacb B
npegenax AMHaAMWYECKUX BO3MOXHOCTEW pearnbHOW cucTembl. Takum obpasom, HeobxodvMm KOMNPOMUCC
MEeXAY TOYHOCTBIO annpoKCUMauumn BOJSTHOBLIX POpM W(f) 1 4acTOTON CKadkoB C;. Bbibop ©asucHbIX yHKLWIA
AN NyNbCOBOro CUrHana MoXeT OCHOBbIBaTbCs NGO Ha aHanuse opMbl NyrbCOBON BOMHbLI, NGO ucxoas

+...+q -w=08(t) (7)
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n3 cmsunyeckmx coobpaxeHuin [3]. AHanmM3 ¢opmbl MyNbCOBOr0 CUrHama C MOMOLLBIO HEWPOHHbIX CeTen
npueegeH B [4]. B paHHoM paboTe B kKauecTBe 6asncHon yHKUMM curHana (puc. 2) BeidepemM 3aTyxaioLLyo

curyconny y(t)= e * -sin .

0.9 0, 1 1, 2 2, 3
Puc. 2. BasucHas dyHkuLms

Torga B cOOTBETCTBUU C anroputMom Moaersib COCTOAHNA 6yﬂ,eT MMEeTb BN
dw dw dw
W20y (o2 + B2 )2 = 5(). (8)
dt dt
PesynbTaTbl peLIeHVsi ypaBHEHWs ONpeaensiloTcsa napameTpamMmu o U B ANs KOHKPETHOro

BMAa NynbCoOBOW BONHblL. PyHKUMA §(f) — nepuogmyeckas BblHYyXAawowas yHKUnS. PekoHCTpynpoBaHHas
MoZenb (8) MOXeT NCMOoNb30BaTbCA A8 OLEHKN COCTOSIHUS CUCTEMBI UMW aHanu3a ee NoBeAeHus.
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DEVELOPMENT OF THE MODEL EQUATION OF THE PULSE MECHANISM ON THE BASIS OF THE
UNDULAR APPROACH

Bouldakova T., Suaytinov S.

Synergetics and its concept of order parameters allow deeper to understand mechanisms of
operation of composite systems and to describe them with the help of the simple model equations. It is
doubtless, that the models wear nonlinear character. However in some neighbourhood the dynamic system
topologically is equivalent to some linear system. Therefore we shall consider a method of obtaining of
model of the pulse mechanism as the linear differential equations on the basis of the undular approach.

Recorded biosignals (cardiac rhythms, pulse signals, the functions of external respiration) have the
well discernible undulating forms. Therefore the undular representation can be applied to them.

The linear undular description is a representation of a recorded signal w(f) in a function space, in
which one basis is the final menu function f(f), i = 1,..., m,

wit)=c, fit)+c, f[,@)+...+c, [, (D). (1)

Here c; are piecewise constant weighting coefficients.

And the coefficients ¢; can occasionally by spring change the values by a random piecewise constant
means.

For research of a system behaviour it is frequently to use the description of signals not as the
equation (1), and as the equation of appropriate model of a state represented by the differential equation,
which one the w(f) function contents almost everywhere. For obtaining such differential equation we shall
use the theory of an operational calculus.

The equation (1) can be surveyed as known common solution of a required unknown of the
differential equation of model. This task (is given solution, to find the equation) in the theory of the differential
equations is named return, and generally it has set of solutions. In this case task is easied, as the basic
functions f; are known.

In the report is shown, that the model equation can be obtained as

d’w d’'w
dt? T dr?!
The example of construction of the model equation under the data of gauging of pulse signal and

approaching choice of basic functions is given. The model equation of pulse mechanism has the order equal
3 and is determined on the basis of digital processing of the measuring information.

+otq-w=0(t)




