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KOMMJNEKC ®YHKLMOHANBHOW AUATHOCTUKU CUCTEMbI KPOBOOEPALLEHUA
Bepnrokos A K., Koctukun U.10O., Cymkosa JI.T.

Bnagumupckuii rocy1apcTBEHHBIA YHUBEPCUTET
600026, Bnagumup, yi. I'opskoro, 87

OcHOBHOW 3ajaueil MpU HMCCIEAOBAHUM PAOOTHI KPOBEHOCHOM CHCTEMbI YEJIOBEKa SABISIETCS OINpPEICTICHUE
CTEIICHU OTKJIOHEHHS OT HOPMBI. [IpaBuinbHOCTh (DyHKIIMOHMPOBAHHS CHCTEMBI ONIPENEISIETCSI NCXOIS U3 CPABHEHUS
e€ 1uKIIa paboThl C HEKOTOPHIM HOPMAIbHBIM IIUKIIOM.

CylecTByronme CHCTeMbl (YHKIIMOHAJIBHON ITHATHOCTUKK KPOBOOOpAICHHS OCHOBAaHBI HAa Pa3JIMYHBIX
(u3MUeCKUX TPHHIMIAX, WUCIIOJIB3YIOT CHTHAIBI pa3in4yHOW mpuponsl. Jnekrpokapauorpad (IKI') 3amuceiBaer
M3MEHEHHMS HJIEKTPHUYECKON aKTHBHOCTH CEeP/Ilia 1 M03BOJISIET OIPEIEINTh MOMEHTHI ICTIONIIPU3AIIMN PAa3HBIX YacTel
cepaeunoit Mpiipl. @oHokapaunorpad (PKI') ¢pukcupyer 3ByKoBbIe KOI€OaHHs U TO3BOJISIET ONPEISIIUTh Hadao 1
okoHuaHue (a3 cepaeynoro nukia. Peorpad (PI') 3amuceiBaer curHan o0 M3MEHEHHH 3JIEKTPUYECKOr0 HUMIIEJaHca
HCCIIEyEMOI0 y4yacTKa Tejla MepeMeHHOMY TOKy ¢ yactoroil 100 xI'mi mpu HMpOXOKAEHMH IyJbCOBOW BOJIHBI,
KOTOpBIH TPOIOPIMOHAIEH M3MEHEHHI0 00beMa KPOBH B OpraHe. B 3aBUCHMOCTH OT HMCCIEAyeMOrO OpraHa
pasnmugaroT peodnnedonorpammy (POI), peormermsmorpammy (PIII), peoBazorpammy (PBIY). YibTpasBykoBbie
JOIUIEPOBCKME CHCTEMbI IIO3BOJISIFOT OIEHHTh CKOPOCTh KPOBOTOKAa B OTHACHBHBIX cocydax. Jlarumkw,
UCIIONB3YIOIINE JIa3epHOE H3Iy4YeHHE [aoT HH(OpPMAIMI0 O KPOBOTOKE B KAaNWUIAPHOM OTHAENE CHCTEMBI
KpPOBOOOpAIEHNUs M O HACBIIIEHHOCTH KPOBH KHCIOPOJOM. PEHTreHOBCKHE ammapaTbl U METOIbl MCCIECAOBAHUS
NpEeACTAaBJIAIOT JaHHBIE O TOIIOJOTUHU CHUCTEMbI KpOBOO6paLHeHl/I)I. HeunBa3uBHbie METOAbI HCCICAOBAHUA
(YHKIIMOHMPOBAHUSI CEPIEYHO-COCYTUCTOW CHCTEMBI OCTAIOTCSI 0OoJiee MNPEANOYTUTENbHBIMU, OCOOEHHO MpHU
HeO6XO[ll/IMOCTl/I JJIATEJIBHOI'O MOHUTOPHHTIA.

OOBIYHO, U YTOYHEHHWS AWArHo3a IPHUMEHSIOT IIOCIIe0BATENbHO HECKOJIBKO METOMOB HCCIIEIOBAHUS.
Hcnonb3yroT MHOTOKaHAIBHYIO 3alUCh CUTHAIOB. UTO MO3BOJISIET MTPEACTaBUTh PA3BUTHE MPOILECcca BO BPEMEHH H,
OLIEHHMBAsi CKOPOCTh PACHPOCTPAHEHHsI CUTHAJIOB M CTENEHb MX MCKa)XEHHS B Pa3HbIX KaHaJlaxX, IIOJIyYUTh JaHHbIE O
CTPYKTYpe W (H3MYECKHX CBOWCTBAaX CHCTEMbl KpoBooOpamieHus. O4YeBHIHO, OJZHOBPEMEHHOE KOMILIEKCHOE
UCTIONIb30BaHNE HECKOJIBKHX METOJOB B OJHOM CHCTEME HCCIEIOBAaHMS KPOBOOOpAIIEHHWS MO3BOJIUT COKPATHTh
BpEMSI HCCIICIOBAHHS U TTOBBICUTH KA4E€CTBO THATHOCTHKH.

Jnst pa3pabOTKM KOMIUIEKCHOM CHCTEMBl JUAarHOCTHKM HEOOXOAMMO PEIIUTh 3aauy KOMIUIEKCHPOBAHUS
00pabOTKM NaHHBIX OT MHOXKECTBA IaTUHKOB.

HecMmoTpss Ha pa3iMyHyr0 OPUPOAY CHTCHAJIOB OT JAaTYMKOB OOLIMM JUIS BCEX METOJIOB HCCICIOBAHUS
CEep/ICYHO-COCYANCTOI CUCTEMBI SIBISIETCS caM LUK KpoBooOpameHus [2]. To ecTh Bce CHrHaibI JIOJKHBI
COOTHOCHTCS 110 BPEMEHH C MEPUOAOM CepACUHBIX cokpameHuii (puc.l). [ToaTomy Bpems BbIOMpaeTcs B KauecTBe
o011ero napamerpa Ipu KOMIUIEKCHPOBaHUH 00pabOoTKH curHainoB. OIMHAKOBBIEC 3TAIBl PAa0OTHI Cep/lia B CUTHAIAX
OT Pa3HBIX JaTYNKOB UMEIOT pa3IM4yHOE MpeacTaBieHne. Hekoropblie (ha3sl MOXKHO TOYHEE ONPENENUTD C IIOMOIIBIO
OIHOTO M3 MeronoB. Hampumep, B (oHOKapauorpaMMme YETKO ONpPENeNsIFOT MOMEHTBI 3aKphITHS KIIAIIaHOB, a
KapJuorpaMMa IMO3BOJISICT BBISBUTH MOMEHTBI JJIEKTPHUYECKOM AKTHBHOCTH MPEALIECTBYIOIINE COKPAIICHUIO
cepana. PeorpamMma mo3BoJisieT MPOCIEANTh PACIIPOCTPAHEHHE ITyJICOBON BOJIHBI OT CEpALIA K OpraHaM W 4acTsaM
Tela, 0TMEeYasi MOMEHTBI MAKCHMAJIBHOTO HAIIOJTHEHHS COCYAOB Ha MCCIIEyEMOM Y4acTKe.
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Puc. 2 Peocurnan r(n) 1 numirysabcHas xapakrepuctuka d(n).

[IpoBeneHHBIC HCCIIEIOBAHUS PA3IMYHBIX METOIOB IU(PPOBOK 00paboTKK peocurHaia [1] mo3Boawin co31aTh
METOJMKY BBIYHCIICHUS HA €r0 OCHOBE MMITYJBCHOTO OTKJIMKA apTepHalbHOTO pycia (puc. 2). OTHeNbHbIC THKH
UMITYJIbCHOM XapaKTEPUCTHKE COOTBETCTBYIOT COCYIaM PAa3HOTO MOKOJICHUS BETBIICHHS, OT KPYIHBIX apTepPHi 10
aprepuosl. JIJi1 TOYHOTO COOTHECEHUS HWMIYJIBCHOW XapaKTePHCTUKU CO CTPYKTYpOH apTepHalbHOIO pycia
KOHKPETHOTO MAlMeHTa HEOOXOJMMO YETKO OIMPEACIHUTh 3aJEPKKH KaXKIOT0 MUKA, MOMEHTBI Hadalla CepIeuHOro
LHKJIA U 3aKPBITHS KJIAMaHOB.
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Puc. 3 CtpykTypa KomIuiekca (pyHKIIHOHATEHON JHATHOCTUKH.

[Ipennaraercst KOMIUIEKCHasE cHCTeMa cOOpa JaHHBIX O COCTOSHHUM CEp/IeHYHO-COCYAMCTOH CHCTeMBbI Ha 0aze
MHOTOKaHaJIbHOTO peorpada (puc. 3). s GecripoBOAHON Iepenayu AaHHBIX OT JaT4ukoB kK OBM wncnosb3yrorcs
Bluetooth Moxynn. DT0 MO3BONSET YBEJIMYUTH KOJIWYECTBO AATYNKOB, HE CTECHSS aKTUBHOCTH HanueHTa. OCHOBOH
KOMIUIEKCHPOBAaHHS METO0B 00pPaOOTKM CHUTHAJIOB BHIOpaHA MMITYJIbCHAs XapaKTEPUCTHUKA apTEPUAIBHOTO pyCia,
ONpeZIeTIeHHass 10 PEOCHTHANy. OJIEKTpPOKapAMOrpaMMa HCIIONB3yeTcs s CHHXPOHH3aLMH  00pabOTKH.
@DoHOKapAMO CUTHAJN ONpENeNsieT UIUTENbHOCTh (Da3bl M3rHAHMS KPOBHM W3 JIEBOTO JKEIynouka cepiuma. TouHoe
OIIpeJieTIEeHHE MOMEHTOB Hauajla 1 OKOHYaHUS CEPIEYHOTO BHIOPOCa MO3BOJISIET BBIYUCIUTD IO PEOrpaMMe CKOPOCTh
pacnpocTpaHeHHs ITyJIbCOBOI BOJIHBI. Ha OCHOBE TaHHBIX O CKOPOCTH ITyJIbCOBOM BOJIHBI M BDEMEHHBIX 3a[CPKEK B
UMITyJIbCHOH XapaKTEpUCTUKE apTEePUAIbHOTO PYCla BBIYUCISAETCS PACCTOSHHE OT CEpALa 0 yPOBHEH BETBICHUS
apTepHajibHOro pycia. Ha MmoHnTope oToOpakaercst MoJeb CepACYHOCOCY IUCTON CHCTEMBI ITALMEHTa OCTPOSHHAS
C Y4YETOM TIOJIyYEHHBIX JAHHBIX W BBIYHMCIEHHBIX napamerpoB (puc.4). B omimume or BapuaHTa IpeACTaBICHUS
MHOXXECTBa Ipa)MKOB CHUTHAIIOB, M300pa)KEHHE MOJENN IMO3BOJISIET OJJHOBPEMEHHO OLIEHHTH COCTOSHHE CHUCTEMBI
KpOBOOOpAIlleHHsI 10 HECKOJbKMM IapamMeTpaM W NpOCIEINTh AMHAMUKY H3MeHeHuil. [IpemoxeHHas cucrema
SIBIISICTCS MACIITAOUPYEMOH.
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Puc. 4. Cxema pacrosio’keHus Ha MOHUTOPE TaHHBIX O PA3JIMYHBIX YACTIX CEPACYHO COCYIUCTON CHCTEMBI.

B cooTBeTcTBUE ¢ 3amadueil WCCeAOBAaHHUS MOTYT HOIKIIOYAThCS Pa3IUYHbIe AaTYMKH. [Ipu 3TOM mosBIsAeTCS
BO3MOXHOCTb UCCJICIOBATh B3aMMOCBA3b PA3JIMYHBIX CUT'HAJIOB.

Hanpumep, mo AaHHBIM O IEHTPAIbHON U nepruepuIecKoil reMOIMHAMUKE MOXKHO CYAUTh 00 aJeKBATHOCTU
paboThI CEpPIEYHO COCYIUCTON CHCTEMBI B LIEJIOM.

Hcnonp3oBaHue OJHOBPEMEHHO HECKOJIBKUX METOIOB HCCICIOBAHHS IPH MHOTOKAHAIBHOW CHCTeMe cOopa
JAHHBIX TI03BOJIAT COKPATUTH BpeMs OOCICNOBaHWS MANMEHTA, IPEICTABHTH OJHOBPEMCHHYIO 3allHCh BCEX
BO3MOXHBIX CHTHAJOB O PabOTe CHUCTEMBI KPOBOOOpPAIICHHS, YTO B KOHCYHOM HTOTE MPUBEACT K IOBBIIICHHIO
OOBEKTHBHOCTA M JOCTOBEPHOCTH AwarHo3a. COBMECTHas BU3yalmu3alusd WHPOPMALUH OT pa3HBIX JaTYHKOB
CpPEeICTBaMH COBPEMEHHON KOMIBIOTEPHOH TpadMK{ IO3BOIUT pPa3padboTaTh KAadeCTBEHHO HOBYIO METOIUKY
aHamM3a QYHKIIMOHAIEHOTO COCTOSIHUSI CHCTEMBI KPOBOOOpAIIICHHS.

Jlureparypa.
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COMPLEX OF FUNCTIONAL DIAGNOSTICS OF BLOOD CIRCULATION SYSTEM
Bernjukov A., Kostikin I., Sushkova L.
Vladimir state university

Existing systems of functional diagnostics of blood circulation are based on various physical principles, use
signals of a various nature. Electrocardiograph (ECG) writes down changes of electric activity of heart and allows to
define the moments of depolarisation of different parts of a cardiac musle. Fonocardiograph (FCG) fixes sound
fluctuations and allows to define the beginning and the ending of phases of an cardio cycle. Rheograph (RG) writes
down a signal about change of an electric impedance of a researched site of a body to an alternating current with
frequency 100 kHz at passage pulse waves which is proportional to change of volume of blood in body. Depending
on researched body distinguish rheoencefalogramm (REG), rheopletizmogramm (RPG), rheovazogramm (RVG).
Ultrasonic systems allow to estimate speed blood flow in separate vessels. The gauges using laser radiation give the
information about blood circulation in a capillary department of system of blood circulation and about a saturation
of blood oxygen. X-ray devices and methods of research submit data on struture of system of blood circulation.
Noninvasiv methods of research of functioning of cardiovascular system remain more preferable, is especial if
necessary long monitoring.

Usually, to specification of the diagnosis apply consistently some methods of research. Use multichannel
record of signals. That allows to present development of process in time and, estimating speed of distribution of
signals and a degree of their distortion in different channels to obtain the data on structure and physical properties of
system of blood circulation. Obviously, simultaneous complex use of several methods in one system of research of
blood circulation will allow to reduce time of research and to raise quality of diagnostics.

The complex system of data gathering about a condition of cardiovascular system is offered on the basis of
multichannel rheograph. For wireless data transmission from gauges to the PC are used bluetooth modules. It allows
to increase quantity of gauges, not constraining activity of the patient. The basis complex methods of processing of
signals chooses the pulse characteristic of an arterial channel determined on rheosignal. The electrocardiogram is
used for synchronization of processing. Fonocardiogram signal defines duration of a phase of exile of blood from
left hearts Stomach. Exact definition of the moments of the beginning and the ending of cardio emission allows to
calculate on rheogram speed of pulse waves distribution. On the basis of the data on pulse waves speed and time
delays in the pulse characteristic of an arterial channel the distance from heart up to levels of branching of an arterial
channel is calculated. On the monitor the model cardiovascular systems of the patient constructed is displayed in
view of the received given and calculated parameters. As against variant of representation of set of diagrams of
signals, the image of model simultaneously allows to estimate a condition of system of blood circulation on several
parameters and to look after dynamic of changes. The offered system is scaled.

Use simultaneously several methods of research at multichannel system of data gathering will allow to reduce
time of inspection of the patient to present simultaneous record of all possible signals about work of system of blood
circulation, that finally will result in increase of objectivity and reliability of the diagnosis. Joint visualization of the
information from different gauges means modern computer diagrams will allow to develop qualitatively new
technique of the analysis of a functional condition of system of blood circulation.
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