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Te3uc

doromeru3Morpadus - 3TO ONTUYECKHH METOJ KOHTPOJS 32 M3MEHEHHEM o0beéMa KpPOBU B
MHUKPOCOCYTUCTOM pyciie. OQHONW M3 OCHOBHBIX MpoOieM 00pabOTKH (OTOIIETU3MOIPAMM,
HapaBHE C MPOOJIEMON MIyMOB M MOMEX, SBISETCS MOMCK MOMEHTAa Hayaja JUACTOIUYECKOTO
N0IbEMa, OCOOCHHO B TeX CIy4asx, KOIrJa KpyTH3HA Clajga KaTaKpoThl MYJIbCOBOTO ITUKJIA €/1Ba
3aMeTHa. [IpemaraeTcss HOBbI METOJ IETCKTHPOBAHUS MTOJIOKEHUS TUACTOIMYECKOTO MOIbeMa
B PCaJIbHOM BPEMCHHU.

B ocHoBe pa3paboTaHHOW METOAMKH JIEKHT HCIIOJIB30BAaHHE MHOTOCIOWHON PEKYppPEHTHOM
HelipoHHO# cetn Ha ocHoBe gated rekkurent unit (GRU) stueek. J{iist 0Oy4eHUsI U TECTUPOBAHUS
ucnoip3oBaiack coopanHas 6aza u3z 10000 320-mummucekyHabix 3anuceir orpeskoB OIII'. baza
OblTla cocTaBlieHa B  pe3yinbTrare o0paOOTKM  YeloBEeKOM-dKcmeproM 48  3ammceit
doronperusmorpaM JIMHON OT 1 10 6 MUHYT. BXOAHBIMU JTaHHBIMU JIJIS1 CETH SABIISJTIACH TIEpBast
npousBojHas orpeska curHaia @III', cocrosmero uz 200 3neMeHTOB, 4TO COOTBETCTBYET 320
MUWIJTMCEKYHIHOM 3aIUCH.

I'pad Berumcnenwnii crpomscs ¢ nomomisio 6ubmmorek Tensorflow 2.0.0 m KERAS. O6yuenue
OCYIIECTBISUIOCH METOJOM OOPaTHOTO paclpoCTpaHEHHUs OMHOKA. MHUHMMH3AIUS OIMNOKH
ocymiectnisiiack 3a 200 utepanuii agantuBHOro anroputma Nadam.

[TponemoncTpupoBana 3¢ ¢eKTUBHOCTh  pa3zpaboTaHHOro Mmeroja noucka. IIpoBepka
PacCYMTAaHHBIX C TIOMOIIBIO MPEUIOKEHHOTO METOA TTOJI0KEHUH 0COOBIX TOYEK IMPOU3BOIHIIACH
nyTeM CpaBHCHUA C KOHTPOJIbHBIMHA 3HA4YCHUAMU, OIpPECACIICHHBIMHA OKCIICPTOM.
[IpoaeMOHCTPUPOBAHO, YTO YYBCTBUTEIBHOCTH METOJA COCTaBmiIa okono 96%. AocomroTHas
omrOKa onpeeneH s MOJI0KEeHUs TUaCTOINYECKOro MoAbeMa He MpeBblaeT 15 MUTMCeKyH I,
4TO JelaeT NPEeJIOKEHHBIH MEXaHU3M JO0CTaTouHO 3((EKTUBHBIM Ui TMPAKTHYECKOTO
npuMeHeHus. [IpennoxKeHHbI MeTo MOXeT ObITh HCIOJb30BaH B CUCTEMAaX KOMIIBIOTEPHOIO
MOHHUTOPHHTA COCYAUCTOrO TOHYCA.
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Thesis

Photoplethysmography is an optical method for monitoring changes in blood volume in the
microvascular bed. One of the main problems of processing photoplethysmograms, along with
the problem of noise and interference, is the search for the moment of the onset of the diastolic
rise, especially in cases where the steepness of the decline in the catacrotic pulse cycle is barely
noticeable. A new method for detecting the position of the onset of diastolic rise in real time is
proposed.

The method is based on the use of a multilayer recurrent neural network based on gated
rekkurent unit (GRU) cells. For training and testing, a collected database of 10,000 300-ms
records of PPG segments was used. The database was compiled as a result of processing by a
human expert 48 records of photopretismograms with a length of 1 to 6 minutes. The input data
for the network was the first derivative of the PPG signal segment, consisting of 200 elements,
which corresponds to 320 millisecond recording.

The calculation graph was built using the Tensorflow 2.0.0 and KERAS libraries. The training
was carried out by the method of back propagation of the error. The error was minimized in 250
iterations of the Nadam adaptive algorithm.

Verification of the positions of singular points calculated using the proposed method was carried
out by comparison with the control values determined by the expert. It was demonstrated that the
sensitivity of the method was about 96%. The absolute error in determining the position of the
diastolic rise does not exceed 15 milliseconds, which makes the proposed mechanism
sufficiently effective for practical application. The absolute error in determining the position of
the diastolic rise does not exceed 10 milliseconds. The proposed method can be used in systems
for computer monitoring of vascular tone.



