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B oteuecTBeHHOI 1 3apyOeKHON MPAKTHKE HAKOIUICH OOJBLION OIBIT CO3MaHMs CPEICTB MOHH-
TOpUHTA (PyHKIIMOHAIBHOTO COCTOSIHUS OpraHn3Ma denoBeka. CyIecTBYIONHE KOMIUIEKCH B OCHOBHOM
MPOBOAAT AHAIIU3 IEKTPOKAPIHOTPAMMBI, APTEPUATIBHOTO AABIECHHS U Psia APYTHX (HU3HONIOTHYECKUX
rapameTpoB. [IMarHOCTHKA YacTO CTPOHTCS Ha OCHOBE (DOPMABHBIX CTATHCTUYECKUX JAHHBIX, HE BCE-
IJla KOPPEKTHBIX B CHJIy HECTAIIMOHAPHOCTH OHOIIPOIIECCOB M 0e3 yueTa UX (M3UUECKOil IPUPOIBL.

AKTyanbHOW 3a7jauyeii MOHUTOPUHTA COCTOSIHUSL CEPACYHO-COCYIAUCTON CHCTEMBI SBIISIETCS CO-
31aHue (G PEKTUBHBIX AITOPUTMOB KOMIIBIOTEPHBIX TEXHOJIOTHII 00pabOTKH OHOCHTHAIOB HA OCHOBE
HEITMHEHHBIX UHAMHIECKHX MOAENEH CHCTEM OpraHM3Ma, IOCKOJIBbKY OMOCHCTEMBI M OHOIIPOLECCH
HMMEIOT HEeITMHEHHBIN XapakTep U (QpakTadbHYIO CTPYKTYpy. IIpuMeps! Mogo0HBIX CTPYKTYp — HEpB-
Has U MBIIIEYHAs CHCTEMbI CEpAlla, COCyaUcTas M OpOHXHaJbHAas CHCTEMBl OpPraHM3Ma YeJIOBeKa.
CBsI3p CHCTEM OpraHM3Ma C MX OpraHH3aIlHedl B BHIE CaMOIOMOOHBIX ()PaKTAIBHBIX CTPYKTYp CO
CKEHIMHIOM, OJIM3KUM K «30JI0TOMY CEUEHHUIO», AENIaeT BO3MOXKHOM X TOMHYECKYIO AUATHOCTHKY .

[ony4enune neranpHON MH(QOPMALUU O COCTOSHUM OMOCETel OpraHM3Ma YeloBeKa Ui TOIH-
YEeCKOW IMarHOCTHUKM BO3MOXKHO Ha OCHOBE BEWBIJICT-aHAM3a OHOCHUTHAJOB (TaKk Ha3bIBaeMOU
BeliBieT-uHTpocKonuH). C MOMOIIBI0 BEHBIET-NPeoOpa3oBaHUs MOXKHO BBIBHTH CTPYKTYpY OHMOCH-
CTeM U OMOIIPOLIECCOB KaK KapTHHY JMHHUH JIOKAIBHBIX SKCTPEMYMOB BEWBIIET-AHAarpaMM OHOCUTHa-
J0B. MaTeMaTHYeCKUe MOJIEIH U NMPOrpaMMHBIE CPENCTBA BEUBIET-MHTPOCKOIMHU MO3BOMISAIOT U3BIE-
KaTh JONOJTHUTENBHYIO HH(OPMANNIO U3 OHMOCUTHAIOB O COCTOSHUY OuocucteM. Pannee oGHapyke-
HHE JTaTeHTHBIX (JOpPM 3a00JIEBaHUI C TOMOIIBIO BEWBIET-HHTPOCKOIHMHU TO3BOMISAET COKPATUTH CPOKU
H3JI€YEHNSI ¥ YMEHBIIUTH MOCIEACTBUS HAPYIIEHNH (QYHKIMOHAIBHOTO COCTOSHUS OPTaHNW3Ma, CHH-
3UTh PUCK HACTYIUICHUSI MHBAIUIHOCTH.

VYder ($akTopoB OpraHM3alMUd OHOCHCTEM OpraHM3Ma B BHIE CaMOMOIOOHBIX (paKTaTbHBIX
CTPYKTYP CO CKEHJIMHIOM, OJIM3KHM K «30JIOTOMY CEYCHHIO», eTaeT BO3MOXKHBIM CO3J[aHHE METOIH-
KU TOITMYECKON TUAarHOCTUKY Ba)KHEHIINX OHMOCHCTEM OpraHU3Ma YeJIoBeKa.

" Cmamws nonyuena 06 anpena 2021 e.
Paboma evinonnena npu gunancosoii noodepicke Poccuiickozo gonoa gynoamenmansioix
uccnedosanuii (PODHU) (zpanm npoexm Ne 19-37-90072).
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BBEJIEHUE

Pannee oOHapy)keHHe JaTeHTHBIX (hopM 3a00JIeBaHUI C MMOMOIIBIO WH/IUBH-
JIyaJIbHOT'O MOHUTOPUHTAa (YHKIIMOHAJILHOTO cOCTOsiHUS opranuzma (PCO) no3eo-
JSIET COKPAaTUTh CPOKU M3JICUCHUS] U YMEHBIIUTH nocienctsus Hapyumenuit ®CO,
CHU3UTH PUCK HACTYIUICHHS HHBATUAHOCTH. H(DapKT M MHCYIBT MOTYT OBITH TIEep-
BBIMH W MHOT/AA MOCIEAHUMH TPERyNpEeKACHUSIMH O 3a00JIeBaHUH, TaK Kak cep-
nedHo-cocyaucteie 3aboneBanus (CC3) 3a4acTyro MpOTEKarOT O0ECCUMITOMHO, a
HauOosee 3pPeKTUBHBINA CTOCO0 OOPHOBI C 3a00JIEBAHUSIMU — 3TO CBOCBPEMEHHAs
JUAarHOCTHKA ¥ MPOQHIAKTHKA. YPOBEHb Pa3BUTHUS TEXHUUECKOTO MpOorpecca mo3-
BOJISIET CO3MIaBaTh BCE OoJiee coBepieHHbIe cpeacTBa auarnoctukd OCO [1, 2].

VYuer ¢akTopoB opraHuzanuu OMOCUCTEM OpraHM3Ma B BHIE CaMOIMOJOOHBIX
(hpakTalbHBIX CTPYKTYP CO CKEHIMHIOM, OJTU3KHM K «30JI0TOMY CEUSHHIO», ACTaeT
BO3MOXXHBIM CO3[JaHWE METOJHMKH TONMMYECKOH MUArHOCTHKH BaKHEHIINX OMOCH-
CTEM OpraHM3Ma YeJIOBeKa.

[lockonbKy nesTenhbHOCTh OpPTraHM3Ma, KaK CAMOOPTaHM3YIOIIEHCS CHCTEMBI,
MpeACTaBIAeT cOOON HENMMHEIHHbIE MPOLECcCHl, TO JII MOHUTOPUHTA COCTOSHUS Cep-
neuHort nesirenbHOCTH (CJ1) HeoOxoamma pa3paboTka GU3NYEcKH U (HU3NOIOTHYEC-
CKM aJIeKBaTHBIX HeJWHEeWHBIX Mozeneil C/| u ammapaTHO-IPOrpaMMHBIX CPENCTB
(ATIIC) nuarHoCTUKM OpraHu3Ma ¢ TIOMOIIBIO BeWBJIET-aHAIN3a ONOCUTHAIOB.

[IpuponHsie mporecchl, B TOM YHCIIE M OHOCHCTEMBI, IMEIOT IMUKIMYECKUN
xapakTep. Mopdorene3 OnocucTeM opraHu3Ma MOAYHHSETCS OOIIMM 3aKOHaM ca-
MOOpPraHU3ay B BHAE (PAKTAIBHBIX CTPYKTYp C MAacIITaOHO-MHBapUAHTHBIM
camoniooobreM [3] Ha OCHOBE KOTOPBIX CTPOSITCS HEIMHEHHBIC MOACIH MPOBOIS-
mieit nepsHo#t cucremsl cepaua (IIHCC) u cocyauctoit cuctembl yenoeka. OnHO
W3 TIPUMEHEHUH CHHEPTeTHIECKOTO MMOAX0/1a — aHAIN3 (U3NIECKONd U (PU3NOIIOTH-
YECKOW MPUPOIBI AIEKTPHUUECKUX MPOLIECCOB B BaxkHeieit ouocucreme — [THCC.

BEMBJIET-UHTPOCKOIIUSI

B nocnenree BpeMsi B KapAMOIOTHH Pa3BUBAOTCS METOJIBI TOIMYECKOH JAHarHo-
cruku CJ1 [4]. B pabote nccnenoBaHa BO3MOKHOCTh TOMMYECKOW AUArHOCTUKH COCTO-
STHUST OMOCHCTEM (PPAKTABHBIX CTPYKTYp OMOCHTHANIOB ¢ MaCIITAOHO-WHBAPHUAHTHBIM
caMoroo0MeM Ha OCHOBE BEHBIIET-MHTPOCKONWH. BeliBleT-auarpaMMpl OHOCHTHAIOB
OTpaXaroT (ppaKTaAIbHBIE MAaCIITaOHO-MHBAPHAHTHBIE CTPYKTYPBI CO CKEHIIMHTOM,
OM3KUM K «30JIOTOMY CedeHHUIo» [5]. B peHOpMIPYNIIOBOM ITOIXONE CKEIICTHEIC
(yHKUMM BeHBIET-IIPpe0Opa3oBaHys BEIBILSIIOT CTPYKTYPY aHAIM3UPYEMOTO MpoLiecca,
a ckeitnmuHTH (SC) — MacmTabHYI0 MHBAPUAHTHOCTH WM MX camonopoorne. OaHuM U3
NPUMEHEHUI CHHEPTeTUIECKOT0 MOAXO0/1a SBIsIeTCs] aHaM3 (u3rdecKoi u (hPU3HO0IIorH-
YECKOM MPUPOABI MEKTPUIECKUX MPOLIeccoB B BaxkHeiei ouocucreme — [THCC.

I'epmanom ['enpmromnbiiem ¢ yuenukamu emie B 1850 romy ycranoBieHa ¢op-
Ma HEPBHOTO MMITYJIbCa U €r0 PacpOCTpaHEeHHE B BUE YEAWHEHHOW BOJHBI KOJIO-
KoJI000pa3Hoi (opMebI [6] (B COBPEMEHHOM TMOHUMAaHHH COJUTOH), ITOJ00HOH Ya-
CTHIIE, IBMXKYIASCS C IOCTOSIHHON CKOPOCThI0. BoitHa BO30YXIIeHHS B BUE COIH-
TOHA PAacIpOCTpaHsAeTCS OT BOAUTENS PUTMa BHadaje B MPaBOE U 3aTEM B JIEBOE
TpeAcepane, TOCTHTas aTPHOBEHTPUKYILIpHOTO (A-B) y3ma. 3aTem BoiHa pacrpo-
CTpaHSETCs M0 MEXOKETYA0UYKOBON MEpPeropojike yepes mydok [ uca, mpoxoauT 1o
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MpaBoil U JeBOM HOXKKaM MyuKa ['uca u pa3BeTBisieTcs IO BoJokHaM [lypkuHbe Ha
MHOKap/ie JIEBOTO U MPABOTO JKETYT0OYKOB, BHI3BIBAS X COKpAIIICHHUE.

s onpeneneHUst CTPYKTYPHBIX CBOMCTB OMOCHTHANOB U OMOIIPOLIECCOB d(-
(heKTHBHO TIpHMEHEHHNE BeHBIET-aHallM3a, KOTOPOE 3aKII0YAeTCs B Pa3lIOKEHUU
OJTHOMEPHOT'0 CHTHaJIa 1o 0a3ncy, CKOHCTPYHPOBAaHHOMY U3 00JIafatonieii onpee-
JICHHBIMH CBOMCTBaMH COJHMTOHOMONOOHON (yHKIHMM (BelBieTa) MOCPEACTBOM
MacIITaOHBIX W3MEHEHHH U TIepeHOCOoB [7].

[Ipu pacmpoctpanennu BoiaH Bo30ykaeaus o [THCC, umeroriei camorromo0-
HYIO (ppaKTalbHYIO CTPYKTYPY, B y37aX BETBJICHUsSI (POPMHUPYIOTCSI CETH TYpOYJICHT-
HOCTH 3a CYET HW3MCHCHHS CEYeHMs BETBe HEpBOB MO 3akoHy PubOoHauyw.
Otu TypOyneHTHOCTH GopMupyIOT criekTp IKC, mprudeM BEHBIET-CIIEKTp OTpaxkacT
tonosioruto [THCC (momedens! okpyXKHOCTAMH Ha puc. 1, a). To ke camoe Xxapak-
TEpHO VISl COCYTUCTOH ceTH (puc. 1, 6), 11t OpOHXHANBEHON U IPYyTUX OHOCHCTEM.

SR, Sc DKC Sc I1B

e 0,66 0,64

TITIT 0,66 0,62

o 0,62 0,57

g 0.7 0,63
a 6 6

Puc. 1. ®azossie BeliBner-criektpbl DKC (a), I1B (6) n ux ckeinuaru (8)
Fig. 1. Phase wavelet spectra of EKS (a), PW (b) and their scaling (c)

B xopme mccnemoBaHus MCIIONB30BAINCH PA3IMYHbIE MAaTEPUHCKHE BEHBIIETHI,
13 KOTOPBIX HAauOoJiee alekKBaTHBIMH COMUTOHONOA00HBIM BotHaM B [THCC siiisi-
10Tcs 0a3ucHbIle BelBneThl «ConuToOH» U « MeKcuKaHCKas nusinay (puc. 2).
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Puc. 2. CpaBHUTENBHBIE XapaKTEPUCTUKN OA3UCHBIX BEHBIIETOB (a) M MX CHIEKTPOB (6)

Fig. 2. Comparative characteristics of basic wavelets («) and their spectra (b)
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OpHuM U3 KpuTepueB 0a3HMCHBIX BEHBJIETOB B JIUTEPAType pacCMaTpUBAETCs
PaBeHCTBO HyJIO cpenHero 3HaueHus GyHkumu (puc. 3). Cpenn npencTaBIeHHBIX
9TOMY KPHUTEPUIO HE COOTBETCTBYeT CONHUTOH. OJHAaKo mpu BeiBieT-peo0-
pa3oBaHUM OMOCHTHAIOB CO CHEKTpoM 1/f 3To He BAMAET Ha ero MHGOPMATHUB-
HOCTBH IIOTOMY, YTO 00JacTh HU3KUX YaCTOT OMOCUTHAJIOB HE COACPXKUT UH(OpMa-
UM O TOTIOJIOTHU OMOCeTeH M He UCTIONB3YETCs IPH aHAIN3E UX CTPYKTYPHL.

Hynesoe cpeanee = 0 OrpaHieHHOCTs < Koreunan Hopma dyHkuimm < ==
o0

~ ~ ~ J‘oc wld = 1331 J‘x Wi dt = 0.941
J W(E) dt = 2507 j Wit dt = 0 J‘ (W) )P d = 1772 J (|wW1e] ) dt = 0.556 ~ - . -
- —x e —x
o~ %) ~ ~ 80 =3 o
J‘ W3(t)dt = 7811 10° J W) dt =2 J‘ (Jw3@] ) dt = 1329 J‘ (|w4] ) dt = 1333 J Wi dt = 1,153 J Wi dt = 1.155
- —x —x —x ~ —~

Puc. 3. lIpoBepka Ha COOTBETCTBUE KPUTEPUSIM 0a3MCHBIX BEHBIETOB
Fig. 3. Check for compliance with the criteria for basic wavelets

JlocTonHacTBOM BeiiBieT-criekTpoB DKC sBisieTcsl MX MpeiCcTaBICHUE B Ya-
CTOTHOW W BPEMEHHOH OO0NacTH, T.€. COAEPKHUT IMPOCTPAHCTBEHHO-BPEMEHHYIO
ungopmariuio o padore [THCC (puc. 4), 4To MOKET CIYKUTh OCHOBOM IS TOTIH-
YECKOW JMAarHOCTUKU Ouocereit [8].

Yacrora u MomHoCTh AtekTpoduykTyaruit DKC cOOTBETCTBYIOT TOMOJIOTHH
[MHCC. [lpurasicb mo BETBSM CETH, UMITYJILC BO30OYKACHUS (HOPMHPYET MaKCH-
MaJllbHbIe (PIYKTyaluu CHTHala OT OOJBIIMX BETBEH pycia ceTH K TapMOHHYECKH
YMEHBIIAIOMIMMCS TI0 JIJTMHE W BO3PACTAIOIIMM 0 YacToTe ec BeTBel. [pobieHue
CeTH TPUBOJUT B TOH K€ 3aBHCUMOCTH K MAJCHUIO 1O MOIIHOCTH (DIyKTyaIuii
OKC, npobsimerocs 1o 3akony 1 / f, opMupysi rapMOHUYECKU criekTp Buaa 1 / f.

B uwactHOoCTH, B BeiiBaeT-muarpaMmax Juist kapauokomiuiekca PQRST BeisiB-
JISIFOTCS €T0 JITATEHTHBIE KOMITIOHEHTHI [9—11].

a o
Puc. 4. DxcriepuMeHTaIbHAS 3aITUCh BO30YXKICHUS 00J1acTH TIelicMeiikepa (a) 1 mpeacep-
Ho# obmactu [THCC (6)
Fig. 4. Experimental recording of excitation of the pacemaker area (a) and atrial CNSH
area (b)

Hampumep, cTpykTypa P-BOMHBI HaONIOMAETCs KaK CyMMa OTHIEIbHBIX BOIJH
BO30Y/ICHU B HEPBHBIX BETBSIX MPABOTO U JIEBOTO Ipeacepanii (puc. 5, a) ¢ Tod-
HBIMH aMILUTUTYIHO-BPEMEHHBIMHU MapaMeTpaMy PaclpoCTPaHEHUs BO3OYKICHHUS B
3TOW HEPBHOM CETH.

OpakranbHBIE CTPYKTYPHl B BETBSIIUXCA OHOCETSAX C MacIITaOHO-WHBapUaT-
HBEIM caMOA00HeM MOXHO (opMaTn30BaTh MOJCIBIO B BUAE AepeBheB Keimm [12].
Y49uTteIBas, 4TO IJIEKTPUUECKUHA MMOTEHIIMAT OXBATHIBAET BO30YKISHHEM IPEXIE
BCETr0O MPaBoe MpeacepaAne, B KOTOPOM HaXOAWTCS CHHYCOBBIN y3el, MOXKHO T'OBO-
pUTh 0 ero Ooyiee KOPOTKOW BETBUCTOW CTPYKType. DTO OTPaK€HO B MOJETH
YMEHbBIIIEHNEeM JUTHHBI OTHOH U3 BETBUCTHIX CTPYKTYD (pHc. 5, 0).
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Puc. 5. BeiiBner-quarpamma OKC B I[THCC B npaBoM u jieBoM mpencepausx (a), mpea-
ctaBneHne BeTBUCTOH cTpykTypsl [IHCC B mpaBoM 1 JI€BOM MpENCEpINsIX B BUAE ICPEBHECB
Keiinu (6)

Fig. 5. Wavelet diagram of the pacemaker in the CNSH in the right and left atrium (a),
representation of the branching structure of the CNSH in the right and left atrium in the
form of Keiley-trees (b)

JIOTOMHUTENBHO MPOSBISAIOTCS BOJHBI BO30yXAeHUS B myuke baxmaHa u
HUCXOZSIIIEM IyYKe K MEXIIpeIcepIHoi neperopoake k A-B-ysmy (puc. 6, a—e).
BruiBnenue y3nos 6uocereil mo BeiBIieT-quarpaMmMe OMOCHIHAJIOB BO3MOXKHO BH-
3yaJIbHBIM HCCIIEZIOBAaHUEM BEHBIICT-AHArPaMMBI.

Puc. 6. Bomasl Bo30yXIeHUS B JIEBOM () 1 IpaBOM (0) TPEACEPIUSX, ITyIKEe
Baxwmana (6) 1 HUCXOAIIIEM ITy4Ke K MEXIIpeICepaHoi meperopoake A-B-y3mna (2)

Fig. 6. Excitation waves in the left () and right () atria, Bachmann's bundle (c)
and the descending bundle to the atrial septum of the AB node (d)
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AHanu3 BBISBICHHS Y3JI0B OHMOCETeH IO BeHBIET-AHarpamMMe OMOCHTHAJIOB
BO3MOXXEH BH3YaJbHBIM HcciefoBanneM BeBier-guarpaMmmel OKC [13, 14]. Co-
noctasisisi y3ibl [IHCC u coorBeTcTBYIOIME 1O (hasze U BPEMEHHU BOJIHBI CIIEKTpPa
OKC na BeiiBneT-guarpaMMe, MOXHO MOdy4uTh jJarteHTHYI0 OKI', otobOpaxaro-
IIyI0 BECh MPOIIECC MPOXOKICHHUS BO30YKACHHUS OT TeicMelikepa B BUAE COIUTO-
HOB 110 Bcem cermenTam [THCC.

B cMexHBIX TakTax KapAHOLMKIa MOKHO MPEIIONI0KUTh «IIePEMEKaEMOCTh
B030y>xneHus BojokoH Ilypkunse. Ha puc. 7, @ u 6 nokazano cymmapHoe oToOpa-
JKEHHE TPeX TOCIe0BATEIbHBIX P-BOJIH 3JIEKTPOKAPINOCUTHAIIOB (BBIIEIIEHBI pa3-
HBIM IIBETOM) B BEHBIET-AHarpaMme 0e3 maTajoruu 1 rnocjie nHpapkra 1 HHCYJIbTa
pu paboTe KapAMOCTHMYIISITOPA.

Ha puc. 7, 6 mpencTaBieHsl TpU COBMEIICHHBIX IOJHBIX CMEXHBIX PORST-
KOMILIEKCa.

Puc. 7. OrobpaxxeHne Tpex IOCIEeNOBATEIbHBIX P-BOJH 3JEKTPOKapANOCUTHAIIOB CyM-

MapHO (BBIOENICHBI Pa3HBIMHU OTTEHKAMH) B BEUBIIET-IHarpaMMe B HOpMe (a) U TIOCIe HH-

¢apxkra (6), coBmelenue BeiiBner-auarpamm PORST-BosH Tpex cmexHbix DKC kapauo-
LIUKIIOB (8)

Fig. 7. Visual display of 3 consecutive P-waves of electrocardiosignals in total (highlight-

ed in different colors) in the wavelet diagram in the norm (@) and after a heart attack (b),

the combination of the PORST wavelet diagrams of three adjacent pacemaker cardiac
cycles (¢)

Takxke MOXHO NMPUMEHHUTH BEUBIET-WHTPOCKOIHIO JJISI TOMMMYECKOW TUarHO-
CTHKH cocymucTor cucreMbl (puc. 8) [15]. Ha puc. 8 mpemcraBieH mnpumep
BEHBJICT-UHTPOCKOIIUH C MTOMOIIIBbIO BEHBIECT-TIpe00pa3oBaHus IKCICPUMEHTATIBHO-
ro curHana [IB mpu mpoxoxIeHuu 1Mo COHHOM apTepuu U BBISBICHHUE Y3IIOB BETB-
neHus cocyaucroi cetn. Curaan [1B momyuen ¢ momorrsto oTormieTusMorpadu-
YeCKOTO JJaTYMKa, yCTAHOBJICHHOTO Ha MOYKE yXa.
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Puc. 8. Betiner-nuarpaMma npaBoCTOPOHHEW COHHOM apTepHH U BBI-
SIBJICHUE y3JIOB BETBIICHUS COCYIOB

Fig. 8. Wavelet diagram of the right-sided carotid artery and identify-
cation of vascular branching nodes

Takas xe TeXHOJIOTHS BeﬁBJ’IeT-HHTpOCKOHHPI MOKET NPUMCHATHCA AJId aHa-
JnM3a (bOHOKap)_II/IOCI/IFHaJ'Ia " CurHalJia CUCTCMbI AbIXaHHUs.

3AKIIOYEHHUE

VYauThiBas MacmITaOHO-WHBAPHUAHTHHYIO (PaKTAIBHYIO CTPYKTYpy OHOCH-
cTeM ¢ camononobuem Buaa 1/ f (mpu3HaK HAMM4YKS B HUX CTPYKTYPHBIX CBA3EH),
SBIIAIONIYIOCS KPUTEPHEM CTPYKTYPHOHW YCTOHYMBOCTH OMOCHCTEM M KPHUTEPHEM
X HOPMBI, MOKHO BBISBIISITH CKpBITHIE 3((eKThl B CTpyKType OHOCHCTEM. DTO
JaeT OOy TEOPETHUKO-NPUKIAJHYI0 OCHOBY pa3paOOTKH METOIOB M CPEICTB
CTPYKTYPHOTO aHaJIM3a OMOCUTHAIOB HAa OCHOBE BEHBIIET-UHTPOCKOIIHH.

MeToabl CTPYKTypHOTO aHajJHM3a Ha OCHOBE BEWBIET-IpeoOpa3oBaHus OHO-
CUTHAJIOB SIBJISIIOTCSI METOANYECKOW OCHOBOW IUISl IOCTOBEPHOTO OMHCAHUS U TO-
NMYECKOW JAMAarHOCTHKU OmocucTeM. MaTeMaTndecKue MOJEIH W HpOrpaMMHEIC
CpeICTBa BEHBIICT-MHTPOCKONNH MO3BOJISIIOT M3BJIEKATh JOIOIHUTEIbHYIO HH(OP-
MaIfio U3 OMOCUTHAJIOB O COCTOSTHUH OMOCUCTEM.
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Abstract

In domestic and foreign practice, a great deal of experience has been accumulated in the
creation of means for monitoring the functional state of the human body. The existing complexes
mainly analyze the electrocardiogram, blood pressure and a number of other physiological param-
eters. Diagnostics is often based on formal statistical data which are not always correct due to the
nonstationarity of bioprocesses and without taking into account their physical nature.

An urgent task of monitoring the state of the cardiovascular system is the creation of effec-
tive algorithms for computer technologies to process biosignals based on nonlinear dynamic mod-
els of body systems since biosystems and bioprocesses have a nonlinear nature and fractal struc-
ture. The nervous and muscular systems of the heart, the vascular and bronchial systems of the
human body are examples of such structures. The connection of body systems with their organiza-
tion in the form of self-similar fractal structures with scaling close to the "golden ratio" makes it
possible to diagnose them topically.

It is possible to obtain detailed information about the state of the human body's bio-
networks for topical diagnostics on the basis of the wavelet analysis of biosignals (the so-called
wavelet-introscopy). With the help of wavelet transform, it is possible to reveal the structure of
biosystems and bioprocesses, as a picture of the lines of local extrema of wavelet diagrams of bi-
osignals. Mathematical models and software for wavelet introscopy make it possible to extract
additional information from biosignals about the state of biosystems. Early detection of latent
forms of diseases using wavelet introscopy can shorten the cure time and reduce the consequenc-
es of disorders of the functional state of the body (FSO), and reduce the risk of disability.

Taking into account the factors of organizing the body's biosystems in the form of self-
similar fractal structures with a scaling close to the "golden ratio" makes it possible to create a
technique for topical diagnostics of the most important biosystems of the human body.

Keywords: clectrocardiogram, photoplethysmogram, self-organization, self-similarity,
fractals, scaling, autowaves, soliton, n-dimensional torus, KAM-theorem, FPU-theorem of "re-
turn", topical diagnostics
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