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Peorpaduueckun metoa uccnegosaHusa kposoobpalleHus cyliectsyeT yke 6onee 50 net. 3a ato
BpeMsi MpeacTaBfeHuss O peocurHane M O MeTogax ero obpaboTkm HeOOHOKPaATHO W3MEHSANUChb W
YyTOUHSANMCb. Peorpamma- 3anncb U3MEHEHWIA 3MEKTPUYECKOTrOo COMPOTMBIIEHMS OMOTKaHen nepemMeHHOMY
TOKy, 0OYCNOBMNEHHbLIX MPUPOCTOM OObeMa UccrnegyemMoro ydactka opraHa npu KpoeHanonHeHun. O6bI4HO
O[HOBPEMEHHO C peorpaMmon 3anucbiBaeTcst anekTpokapguorpamma (OKIM) (puc. 1). OKI- curHan
ucnonb3yeTcs Npu aHanu3e Ans OonpedenieHvsl nepuoga CUCTOMNbl M AMAcTofbl, a TakKe BpPEMEHM
pacnpocTpaHeHns1 MynbCOBOW BOIMHbI. TpaguUMOHHO MpU aHanuse peocurHana onpegensalT aMmnnuTygbl
MaKCMMyMOB 1 MVWHUMYMOB, MEPBYIO 1 BTOPYH NPOM3BOAHbIE (DPOHTOB CUrHana. Ha ocHoBe 3TuMX OaHHbIX
BblOENSAT OTAENbHble KOMMOHEHTbl PEOBOMHbI U AernalT BbiBO4 006 OTHOCUTENbHOM KpOBEHAMONHEHWM
opraHa, 00 3NacTUYHOCTU KPYMHBIX M MENKUX apTepuMi U O 3aTPyQHEHHOCTW BEHO3HOro OTTOKa.
CyliecTBylolLIME KOMMBIOTEPHBIE CUCTEMbI aHanmMsa peorpamm, B OTNMYME OT PYYHOrO aHanusa, nub
MOBbLILLAKT CKOPOCTb BbIYUCIEHWUA, HE WCMOMb3yd B MOSIHOM Mepe BO3MOXHOCTWU uudpoBon obpaboTku
nHdopmaumun. B HacTosiwen paboTe npeanaraeTca HoBasi MeETOAMKA aBTOMATM3NPOBAHHOIO UCCef0BaHNSA
peorpamm, HarnpaereHHas Ha NOBbILLEHWE Ka4YecTBa AMArHOCTUKM COCYANCTON CUCTEMbI YeNoBeKa.
MocTaHoBKa 3agaun. MI3BecTHO, YTO B peocurHarne npucyTCTBYIOT OTPaXKEHMS - KOMUM OCHOBHOW MySIbCOBOM
BOJITHbI, KOTOPbl€ BO3HMKAIOT B TOYKaxX BETBMIEHUS COCYAOB MpU pacnpocTpaHeHWVM BOMHbI OT cepgua K
nepudepmnyeckum OTAerniaMm KpPOBEHOCHOW cucTembl [3]. OTU OTpaXeHWst HaknaAblBalTCA Ha OCHOBHYHO
BOIMHY W Opyr Ha Apyra, 3aTpygHss TeM cambiM OnpegerieHVe amMmanTygHbIX U BPEMEHHbIX napamMeTpoB
peocurHana TpaguuMoHHbIMM MeTodamu. Hanpumep, amnnutyga AMacTONMYEecKOM BOMHbI JOCTaTOYHO
TOYHO XapakTepu3yeT 3aTpPyAHEHHOCTb BEHO3HOTO OTTOKA Yy MOMOAbIX foAden, T. e. Mpu Xopollewn
9MaCTUYHOCTU CTEHOK COCydoB. HO mnpwu MNOBbIWEHHOW PUIMOHOCTM COCYAWCTOM CTEHKM Ha OCHOBHYHO
ONacCTONUYECKY0 BOJIHY HaknagblBaeTCs MHOXECTBO [OMOSHUTENbHbLIX OTPaXEHUR, W pasnuuuTb ee
TPaaNLUMOHHLIMU MEeTO4AaMM CTAaHOBUTCS He BO3MOXHO. [pegnoxeHa mateMatudeckas MOAEenNb peocurHana
B BWAE CBEPTKM OCHOBHOW MynbCOBOW BOJSIHbI C MMMYSIbCHOW XapaKTEPUCTUKOWM KaHama pacnpocTpaHeHus
(apTepuanbHoro pycna).

Ha ocHOBe npennoXeHHOW MOZENnu peocurHana Ans pelleHusl 3agadv BblAeNeHus  pasfnyHbIX
3NEeMEHTOB pPEOBOMHblI MCMONb30BaHbl crneaywlme Metoabl LudpoBon obpaboTkun: 1) romomopdHas
ob6paboTka C BbIMMCIIEHMEM KerncTpa peocurHana; 2)uHBepcHas dunbTpauus; 3) aganTuBHOE
MoAenvpoBaHue.

PeorpaMma |

Puc. 1. MNMpumep 3anmcu peorpammbl U 351EKTPOKapANOrpamMMbl.

ConocTaBuTENbHbLIN __aHann3 _ MCNosib3yeMblX MeTogoB  LmndpoBon  obpaboTkm peorpamm. MeToqbl
roMoMOpP(HON UM MHBEPCHOW 06paboTkn pellarT 3agadvy BblAENEHWs WMMMYNbCHON XapaKTepuCTUKM
apTepuanbHOro pycna u3 cBepTkM €€ C OCHOBHOM MyNbCOBOW BONHOWM nyTem BblGenuBaHUA crnekTpa
peocurHana. B pesynbTate cnekTp curHana paclumpseTcs, BblpaBHMBAETCS, a KOMMOHEHTbI peocurHana u
OTPaXeHUs1 CYXalTCs BO BPeMeHHON obnactu B O - 06pasHble MMMYMLChl C Pa3fMyHLIMU amnauTyaamMu u
3agepxkamu (puc. 2). Takum o06pa3oMm, MOBbILLAETCA KayeCcTBO OLEHKM MapaMeTpoB CUCTEMbI
KpoBOOOpaLLeHus.
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Ha pucyHkax 2, 3, 4 npuBoasiTcst pe3ynbTaThl MIHBEPCHOW, aganTUBHOW M rOMOMOPdIHOM 06paboTkM
peosHuedanorpamm. Ha pucyHkax o0603HayeHbl: r(n) - peocurHan, h(n) - MMnynbCHas XapakTepucTuka
apTepuanbHOro pycna (pesynbTaT MHBEPCHOW hunbTpauumn 1 aganTMBHOIO MoOAENMpPoBaHust), ¢(n) - KencTp
peocurHana (pesynbTat roMOMOPgHON 06paboTkM), s(n) - curHan, MOAENMPYHOLLMIA MyNbCOBYO BOJHY, m(n)
- CUrHan Ha BbIxofe aganTuBHOro ¢unbTpa, v(n) - nepeas Npou3BoAHaAs peocurHana, a(n) - BTopas
Npou3BogHas peocurHana, n - HoMep oTcyeTa .
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Puc. 2.Pe3ynbTtaT nHBepcHon ob6paboTku peocurHana.
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Cxoxummun ceonctBamn obnagaet u auddepeHumpyowmn ounbtp. Ho kadecTBO BbipaBHUBAHUSA
creKkTpa nydwe y uHBepcHoro dunbtpa. [Mpy BblMMCNEHMM NPOM3BOAHOW, XapakTepucTuka dunbTpa
SBNAETCA NUHEWHOW, KBagpaTUYHOM uNu Kybudeckon, B 3aBMCUMOCTU OT MNOpsiika MPOU3BOLAHON, U He
3aBUCUT OT CMeKTpa CamMoro CurHana, a WHBEPCHbIN PUNbTP, CTPOUTCA MCXOAS U3 cnekTpa curHana. Ero
YacToTHas xapakTepucTuka siBNsieTca obpaTHOM cnekTpy curHana [4]. 3To no3sonsieT TouHee onpeaenvTb
3afiepXKy M amnnuTyay oTpaXeHHoro curHana. K ocHOBHbIM HefjocTaTkam MeToa MHBEPCHOW unbTpaLmu
OTHOCATCHA: HEOBXOOUMOCTb anpuopHOW MWHgopMauun o dopMe MNyNbCOBOW BOMHbI U NogvYepkuBaHue
WHBEPCHbIM (PUIBTPOM  BbICOKOYACTOTHbIX LWyMOB. [lepBytdo npobrnemMy MOXHO pewwnTb C MOMOLLbH
MOOENVPOBaHNST OCHOBHOW MyNbCOBOW BOJSIHbI HA OCHOBE [AaHHbIX O CMEKTpe peocurHana u o ¢poHTe
peoBosHbl [2]. NS yCcTpaHeHus BTOPOro HegocTaTka HeOOXOOAMMO OrpaHMYUTb YaCTOTHYIO XapaKTePUCTUKY
MHBEpPCHOrO unbTpa B 0OMactu BbICOKMX 4YacToT. OgHako 3TO yxyAlwaeT KavyecTBO BOCCTaHOBIIEHWS
UMMYNbCHOW XapakTepUCTUKM apTepuarnbHOro pycna.

Mpn aganTMBHOM MOAENUPOBAHMM WMMYNbCHOMO OTKMMKA apTepuanbHOro pycrna Tak Xe
Heobxoauma mnHdopmaumsa o dopme NynbLCOBOM BOMHbI. KoadhduumneHTsl aganTMBHOro guneTpa, Ha BXOA4
KOTOPOro nofaeTcsi curHarn, MoAenupyoLLMin OCHOBHYHO MyNbCOBYIO BOJSTHY, NepecTpaMBaloTCs No NpuUHUUNY
MUHUMU3ALMN CpeaHeKkBaapaTUYecKon OWnBKM curHana Ha Bbixoge (punbTpa OTHOCUTENbLHO peocurHana.
Mpyn aganTMBHOM MOAENUMPOBAHUM CHWXEHME BIUSHUSA LUYMOB OCYLLECTBNSAETCA MNyTeM COKpalleHus
CKOPOCTU W BpemeHun ajantauuu cunbtpa. B pesynbtate mogenvpoBaHus KO3ddUUMEHTbI unbTpa
npeacTaBnsoT cobon Moaernb MMMNYNbLCHOMO OTKIMKAa apTepuaneHoro pycna (puc. 3).

h(n)
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Puc.3 Pe3ynbTtaThl agantuBHon ob6paboTku peocurHana.

Hauny4wmm n3 aTux mMetodos, ABMASETCA MeTo4 roMoMopcHOn 06paboTkM C BblYMCIIEHUEM KencTpa
peocurHana, T. K. OH He TpebyeT anpuopHoOr MHdopmauum o hopme NynbCOBONM BOSHbI. KencTp Bblumcnsancs
Kak obpaTHoe auckpeTHoe npeobpasoBaHue dypbe OT norapudma mMoayns cnekrpa peocurHana. B kenctpe
peocurHana npucyTcTeByeT MHdopmaumsa 06 OCHOBHOM MyNbCOBOM BOMHE M O KaHame pacnpocTpaHeHus
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(puc. 4). Pasgenutb 9T YacTy Kenctpa MOXHO, Harnpumep, NyTEM peXXeKuuu kerncrtpa B obnactn manbix
3apgepxek. Hegoctatkom romoMopdhHOM 00paboTkM ABMSIETCA ee BbiCOKash YyBCTBUTENBHOCTb K Wwymam [1].
OKCNepMMEHT nokasar, YTo 3TOT MeTod NMPMMEHUM NPWU COOTHOLIEHMM curHan/wym He meHee 30- 40 gb.
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Puc 4. PesynbTtat romomopdHon 06paboTkm peocurHana.

B pesynbtate npuMeHeHMsi roMOMOP(HOM afanTMBHOW UNM MHBEPCHOM 06paboTkm peocurHana
nony4yaemMm WMMNYNbCHYIO XapakTePUCTUKY KaHama pacnpocTpaHeHusi MynbCoBOW BOMHbI. KoadduumeHTs
3TOM XapaKTePUCTUKM CBSA3aHbl C MapamMeTpamMn apTepuin pasnuMyHoro gvameTtpa oT aopTbl Ao aptepuon. O
CBONCTBAxX KanumnmnsipHOro M BEHO3HOro OTAena COCyAMCTOro pycrna MOXHO CyauTb fullb KOCBEHHO.
Wcnonb3ys AaHHble 06 WMMMYNbCHOM XapaKTepUCTUMKE apTepuanbHOro pycria MOXHO KOMMNEeHCUpPOoBaTb
OencTBMe OTpaxeHun U BbIAENUTb U3 peocurHana OCHOBHYHKO MyrnbCOBYIO BOMHY. ccrnegoBaHme nokasano
BO3MOXHOCTb NMPUMEHEHNS MHBEPCHOMO (hunbTpa Ans NO4ABMNEHNs] OTPaXKEHWUA B CUrHane.

Habntogaetca KOppenupoBaHHOCTb Pe3ynbTaTOB  WMHBEPCHOW TFOMOMOP(HOM W afanTUMBHOM
06paboTkM peorpaMMm U COOTBETCTBME HAWOEHHOM MWMIMYNbCHOM XapaKTEPUCTUKM  (PUINONOrMYECKNM
0COBEHHOCTAM CTPOEHUSA apTepuanbHOro pycra. Bce atn metodbl B KOMMekce NO3BOMSAOT 00nerymTs Tpyq
Bpaya 1 NOBbICUTb KA4€CTBO AMArHOCTUKM COCYOUCTOW CUCTEMBI.
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DIGITAL PROCESSING OF REOGRAM FOR INCREASE THE QUALITY OF VASCULAR SYSTEM
DIAGNOSTIC

Bernjukov A., Kostikin I., Sushkova L.

The reogram method of the vascular system research exists already more than 50 years. For this
time a theory about reosignal and about methods of its processing repeatedly changed and were specified.
Reogram is a record of organ electrical resistance to an alternating current changes caused by a gain of
volume of a researched site of a body at pulse moution. The existing computer systems of the reogram
analysis , as against the manual analysis, only raise speed of calculations, not using to the full opportunities
of digital signal processing. In the present work the attempt is made to offer a new technique of the
automated vascular system research, directed on increase of diagnostics quality of the man vascular system.

It is known, that in reosignal there are reflections - copy of a basic pulse wave, which arise in
branching points of vessels at distribution of a pulse wave from heart to other departments of vascular
system. These reflections are imposed on the basic wave and against each other, complicating thus
definition of amplitude and time parameters of reosignal by traditional methods. The mathematical model of
reosignal as convolution of a basic pulse wave with the pulse characteristic of the distribution channel (an
arterial channel) is offered.

On the basis of the offered model for the decision of a problem of various reowave elements
allocation the following methods of digital processing are used:

1) gomomorph processing with calculation of reosignal cepstrum;

2) aninverse filtration;

3) adaptive modeling.
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Fig. 1. Result of gomomoph processing of reosignal.
(r (n) — reosignal, ¢ (n) — reosignal cepstrum, , v (n) and a (n) — derivatives, n- namber of simple)

The methods of gomomorph and inverse processing solve a problem of an arterial channel pulse
characteristic allocation from convolution by the spectrum extending. In the result the spectrum of a signal is
leveled, and the reosignal components and reflections are narrowed in time area to 0 - figurative pulses with
various amplitudes and delays. Best of these methods, is the method of gomomorph processing. It does not
require the apriory information on the pulse wave form. (fig. 1). The experiment has shown, that this method
is applicable at a signal / noise ratio not less than 30 dB.

All these methods in a complex allow to facilitate work of the doctor and to increase quality of a
vascular system diagnostic.




