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I[TPEJANCIIOBUE

Kongepenmms UTHT-2023 npoBogutcst ¢ MENbI0 MPEAOCTABICHHUS BO3MOKHOCTH HAayYHBIX TUCKYCCHH M 0OCYXACHUS
pe3ysbTaToB (pyHIAMEHTANBHBIX M IPHUKIIAJHBIX HCCIEAOBAaHUHN B 001aCTH HHPOPMAIIMOHHBIX TEXHOJIOT Wi M HAHOTEXHOJIOTHH,
NPUBJICUYCHHUST MOJIOJNECKH B cepy NEepeNoBBIX HAYJYHBIX HCCIEIOBAaHHH, OOMEHa OIBITOM Hay4HO-00pa30BaTENIbHOMN
nesrensHocTy pu noaroroske MTHT-cnenuanucTos.

Tematuka Kondepenun MTHT-2023 oxBartbiBaeT MHUPOKKI Kpyr obnacTeil mpuMeHeHus: MHYOPMAITMOHHBIX TEXHOIOTHH
B HayKe U BBICOKOTEXHOJIOTMYHBIX OTPACIISIX IPOMBIIUICHHOCTH.

OcuoBHBIMU HamnpaBineHuIMH padboTsl Kordepernmmn UTHT-2023 spisttores:
KommsroTepHas ontuka 1 HAaHO()OTOHUKA

O O O O O O

IudpakIoHHas ONTHKA;

TUIAaHAPHBIE ONTHYECKUE CTPYKTYPHI;

THIIEPCTIEKTPAIBLHBIE CUCTEMBI;

HaHO(OTOHHKA;

CHCTEMBI ONITHYECKOH CEHCOPHKH, TIepeadn u 00paboTku nHpOpMAIHH;
CUHTYJISIPHAS ONTHKA.

I/IH(I)OpMaHI/IOHHLIe TCXHOJIOI'MU JUCTAHIITMOHHOI'O 30HAUPOBAHUA 3eMiun

o

o

@)

HHPOPMAIIMOHHBIE TEXHOJOTMH B MPOCKTHPOBAHUM KOCMHYCCKHX  alapaToB JAUCTAHIIMOHHOTO
30HIMPOBAHMS 3eMJIH U TIOJIE3HBIX HATPY30K LTI HUX;

MPOTpaMMHBIE W MAaTEeMAaTHYEeCKHWE pEeIICHUS JUIA VYIPaBICHUS [BIDKCHHEM KOCMHYECKHX allllapaToB
HaOJIIOICHHUS;

MPOrpaMMHBIC M ammapaTHbIe CPEACTBA JJIS MOJydeHUs,, 00pabOTKM M aHajduM3a JaHHBIX, IMOJy4acMbIX C
KOCMHYECKHX allapaToB JUCTaHIIMOHHOTO 30HANPOBAHU 3EMIIH;

MaTeMaTHYECKOEC  MOJCIMPOBAHUE  MPOLECCOB  (YHKIIMOHMPOBAHHS  KOCMHUYECKHX  allapaToB
JTUCTAHIIMOHHOTO 30HUPOBaHUS 3eMIIH;

COBpPEMEHHbIE TPOEKTHBIC PEIICHHUs IJsi CO3JaHHsl KOCMHYECKHMX alnaparoB MOHUTOPHHTa 3eMIId U
OKOJIO36MHOI'0 TIPOCTPAHCTBA M UX TPYIIUPOBOK, B TOM 4Kcie Ha Oase ammaparos tuna CubeSat;

CHUCTEMBI JUCTAHLIMOHHOTO 30HAUpOBaHus 3eMin Ha ocHoBe BITJIA.

Pacnio3znaBanue, 00paboTKa 1 aHAIU3 N300pAKEHUI

@)

O O O O

MaTeMaTHIECKUE METOIBI II(PPOBOH 00pabOTKHN M300pakeHNI U pacio3HaBaHHUS 00pa30B
TpEXMEPHOE 3pEHUE

OMOMETpHYECKHE CUCTEMBI HA OCHOBE N300pakeHUI

reonH(pOPMAITMOHHBIEC CHCTEMBI 1 TEXHOJIOTHH

3amuTa ¥ Bepu(uKanus MyIbTUMeIna

HcKycCTBEHHBIM HHTEIIEKT

o

o

o

HOBBIE MMOJXOJIbI, TPEHIbI U (pyHIaMeHTaNbHbIE Pe3yNbTaThl B chepe MCKYCCTBEHHOTO MHTEJUIEKTa M €ro
NPWIOKEHUSAX K DAcIO3HABAaHWIO OOpa3oB M aHAmM3y U300paxkeHHH, 00paboTKe TEKCTOB, pPEdeBOil
HHpOpMALNY;

HelpoceTeBble METO/BI U IITyO0KOe 00y4eHHe;

NPUKJIaJHbIE TEXHOJOTMH MCKYCCTBEHHOTO MHTE/UIEKTa B 00paboTke H300paXKeHUH, OeCIHIOTHOM
TPAHCIIOPTE, MPOU3BOACTBEHHBIX U CEIbCKOXO03SMCTBEHHBIX MPUIIOKCHUAX, MCIAUIUHCKUX HNPUITOKCHUAX,
9KOJIOTHH, MOHUTOPHHIE OKPYKAIOIIEeH Cpeabl ¥ APYTHX;

MPOrpaMMHBIE TEXHOJIOTHH ISl PELICHHS 3a/1a4 UCKYCCTBEHHOTO MHTEJUIeKTa — (peiiMBOpKHU, OMOIMOTEKH,
OTKPBIThIC HHUIIMATHBEI U COOOIIECTBA;

MYJIbTUAUCHUIITIMHAPHBIC ACTICKTHI UICKYCCTBCHHOT'O MHTCJIJICKTa U MAIIMHHOI'O O6y‘IeHI/I5[.

Hayxu o nanabix

@)

o

KomrmsroTepHsie HayKu:

- MH)KEHEPUS JaHHBIX;

- BU3yaln3alys 1aHHBIX;

- MaTeMaTHYeCKHe METObI aHAJIN3a JaHHbIX;

- IpOrpaMMHBIE TUIATPOPMBI M OMOJIIMOTEKH ISt pabOTHI C JAaHHBIMU;

- anmapaTHble CPeACTBa XPAHSHUS U 00PaOOTKH JTaHHBIX;

- BBICOKOIIPOM3BOIUTEIIbHBIE, NapajuleNIbHble W O0JauHble BBIYMCICHUS, TEXHOJIOTHH OOpPaOOTKH OONBIINX
JIaHHBIX;

- 6a3bl JaHHBIX, HHCTPYMEHTHI U S3BIKH I paOOTHI ¢ 6a3aMu JaHHBIX.
[MpukinaaHble 3a/1a44 HHTEIUICKTYaJIbHOTO aHAIN3a JIAaHHBIX:

- pelIeHNe aKTyaJbHBIX MPUKIAHBIX 3a/1a4.

MNHubopmanoHHbIE TEXHOJIOTHH B OMOMETUIIIHE

- MAaTEeMaTHYeCKHEe  METOJIbl  00pabOTKM  OMOMETUITMHCKUX  JaHHBIX, CHTHAJOB, HW300paXKCHHIA,
OMOMETUIIMHCKAS BU3yaJIH3aIIHs;

- HHTEJUICKTYalbHBIH aHaau3 OWOMEIWIMHCKUX JAaHHBIX, CHCTEMBl NOIJCPKKUA MPUHATHS BpadeOHBIX
peLIeHui;

- TEXHOJIOTHM HMCKYCCTBEHHOTO WHTEJIEKTa B 00paboTKe OMOMEIMIIMHCKHX JaHHBIX, HEHMPOHHBIE CETH H
riry0okoe 00y4eHHEe B OMOMETUITUHCKIX PUIIOKCHHSX;

- TEXHOJIOTMH JOMOJHCHHOW ¥ BUPTYAJIbHOW PEaTbHOCTH B OMOMEIMIIMHCKUX TPUIIOKCHUSX;
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- MEIMIMHCKHE WH()OPMAIMOHHBIE CHCTEMBl, CHUCTEMBl YJAJCHHOTO B3aUMOJACHCTBUS W MOHHUTOPHHIA,
TeJIeMEULIMHA, THTEPHET-MeIUIINHA;

- TepPalleBTHYECKHE M MArHOCTHYECKHE CHUCTEMBI, UMIUIAHTBI, HCKYCCTBEHHBIC OpIraHbl, OHMOMEIMIUHCKHE
JaTYNKH, MEJULHCKOEe 000pyI0BaHIE, MEIUIIMHCKHI HHTEPHET BEIleH;

- MATEMAaTHUYECKOE MOJICIIMPOBAHUE OMO(PH3NUECKUX TPOIIECCOB.

OpHUM U3 TPHOPUTETHHIX HampapieHuil padotsl Kondepenuun MTHT-2023 sBisercs oOpa3oBaTeNbHBIN aclexT,
3aKJIIOYAIONIMICA B NPEIOCTaBICHHH CTYICHTaM W MOJIOJBIM YYEHBIM BO3MOYKHOCTH O3HAaKOMHTBCS C HOBEHIIMMH
Hay4YHBIMH JOCTIDKCHISAMH 10 TeMaTukaM KoH(epeHIMH, a TakKke C YHHKAJIBHBIM Hay4HBIM OOOpYyIOBaHHEM U
naboparopHoil 6a3zoif CaMapckoro YHUBEPCUTETa, HCIIOIb3YEMBIMH JUIS PeaIU3allii COBPEMEHHBIX HayYHBIX MIPOCKTOB.

B pamkax Konbepennun npoBoautes MosojeskHas 1Koja, TAE MOJOAbIE YYEHBIE M CTYACHTBHI IIOJIy4aT
BO3MOYKHOCTB ITOBBICHTB CBOH NMPO()ECCHOHANBHBINH YPOBEHB M OIYOJINKOBATh CBOU HayYHBIC PE3yIIbTAThL.

B nanHBI COOPHUK TPYIOB BOIILIM MaTePHAJIBI TI0 6 OCHOBHBIM HampasicHusM KondepeHiuu:

Towm 1. KommbrorepHast ontika u HaHopoToHHKA (1o penakuueii k.¢.-M.H. E.C. Ko3nosoit)

Towm 2. UHhopMaIMOHHBIC TEXHOJIOTUHU AUCTAHIIMOHHOTO 30HAMpOoBaHus 3emin (mof penakiueii k.1.H. U.C. TkaueHko)
Towm 3. Pacnio3naBanue, 006paboTKa 1 aHaau3 n3obpaxenuii (o peaakuueii 1.17.1. B.B. Cepreesa)

Towm 4. VickyccTBeHHBIM UHTEIUEKT (107 peaakuueit a.1.H. A.B. HukoHopoBa)

Towm 5. Hayku o mauubIx (mox pemaknueit k.T.H. E.B. [ommna).

Tom 6. MudopMaImoHHbIe TEXHOJIOTHH B OnoMeaunImHe (o penakimeii a1.¢.-M.H. B.I1. 3axaposa).

Brmyckatomuit pegakrop TomoB 1-6: B.JI. 3aiimes.

Odurmansusiii caiit Kordepenmu UTHT-2023: http://itnt-conf.org /



http://itnt-conf.org/index.php/glavnaya/tematiki
http://www.ssau.ru/
http://itnt-conf.org/index.php/glavnaya/molodjozhnaya-shkola
http://itnt-conf.org/index.php
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OPT’AHU3ATOPDI

. Wucruryr cucrem obpabotrku wmsobpaxkennit PAH (MCOM PAH) — dwman ®HUL] «Kpucramiorpadpus u
tdoronuka»y PAH, r. Camapa, Poccus;
. Camapckuii HaIMOHANBHBIA HCCIIeNOBaTeNbCKUil yHUBepcuTeT nMeHn akajgemmka C.I1. Kopomesa (Camapckuit

yauBepcureT), T. Camapa, Poccust.
Opeanu3ayuorHblll Komumem

IIpencenarens
Borateipée B.JI.— n.3.H., npodeccop, pekrop Camapckoro yHuepcurera umenu akaaemuka C.I1. Koponera, r. Camapa,
Poccus.

3aMecTHuTeNnn npeacenaTeNs

Kazanackuit H.JI. — n.¢.-M.H., pod., pykoBonutens MICOU PAH, r. Camapa, Poccus;

Ceprees B.B. — n.1.H., npo¢., 3aBexyromuii kapenpoit reonHpopMaTHKe 1 HHPOPMAITMOHHOH Oe3zomacHocTH Camapckoro
yauBepcuteTa nmenn akagemuka C.I1. Koponena, r. Camapa, Poccus;

KynpusHoB A.B. — 1I.T.H., ZOIEHT, WUCIIOJHUTECIBHBIN TUPEKTOp MHCTUTYTa HMH(pOpMATUKH M KubOepHeTHKH CamMapcKoro
yHuBepcurera umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus.

OTBeTCTBEHHBIH ceKpeTaphb
Xpucrodopona FO.A. — x.¢.-M.H., Camapckuii yausepcureT nmeHH akagemuka C.I1. Koponesa, r. Camapa, Poccus.

Unens! OpraHu3allMOHHOTO KOMHUTETA

Apxunosa J[.B. — Camapckuil yHuBepcuter umenu akagemuka C.I1. Koponesa, r. Camapa, Poccust;

baraeBa E.M. — Camapckuii ynuBepcuteT umenu akagemuka C.I1. Koponesa, r. Camapa, Poccust;

Bbosipkun FO.H. — UCOU PAH, r. Camapa, Poccus;

lamaukoB M.B. — k.T.H., Camapckuii yauBepcuteT uMmenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;
Hymanuna N.U. — Camapckuii yauBepcuteT uMenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

Enenes I.B. — Ph.D, k.1.H., nouent, Camapckuii yHuBepcuteT umeHH akagemuka C.I1. Koponesa, r. Camapa, Poccus;
Unbsicora H.1O. — n.1.1., nonent, UCOU PAH, r. Camapa, Poccusi;

Kanomuna E.A. — Camapckuii yHuBepcurer umenu akaaemuka C.I1. Koponesa, r. Camapa, Poccus;

Kupu JI.B. — k.1.H., Camapckuii yHuBepcuteT umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

JleonoBa K.C. — Camapckuii yHuepcuteT umenu akajgemuka C.I1. Koponesa, r. Camapa, Poccust;

Jloranosa JI.B. — k.1.H., Camapckuii yHuBepcuteT umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;
MakcumoB A.U. — Camapckuii ynuBepcurer umenu akajgemuka C.I1. Koponesa, r. Camapa, Poccus;

Mapkymun M.A. — Camapckuii yHuBepcuteT nMmenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

MartseeBa U.A. — Camapckuii yauBepcuteT umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

MucueBnd C.K. — Camapckuii yHusepcutet umenu akaaemuka C.I1. Koponesa, r. Camapa, Poccus;

ITapenckuit H.A. — Camapckuii yauBepcuteT nmenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

ITamkos J.E. — k.5.H., gouent, Camapckuil yHusepcutet uMenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;
IToamunuos B.B. — Camapckuii yHuBepcuret umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

[omog C.b. — n.1.H., mpod., UCOU PAH, r. Camapa, Poccus;

Ipecuskor K.I'. — JlemapTamMeHT HHPOPMAMOHHBIX TeXHOJIOTHH 1 cBsi3u Camapckoii obmacty, T. Camapa, Poccus;
Copokuna E.B. — Camapckuii ynuBepcurtet umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

Cragees C.C. — k.¢p.-m.H., UCOU PAH, r. Camapa, Poccus;

TartapunoBa C.C. — Camapckuii yauBepcuret umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

Tun C.H. — x.1.H, Camapckuii yHuBepcuteT nmenu akagemuka C.I1. Koponesa, r. Camapa, Poccust;

®omuenkoB C.A. — UICOU PAH, r. Camapa, Poccus;

Xacaes I'.P. — n1.3.1H., mpog., Camapckuii yauBepcuret umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;
Xusipesa E.C. — Camapckuii yausepcuteT umenu akagemuka C.I1. Koponesa, r. Camapa, Poccus;

SAmmuaa B.B. — x.¢.-m.H., ®expepanbHoe rocygapcTBeHHOE YyupekaeHue «DenepanbHbId HCCIIEA0BATENBCKUA IIEHTP
«Madopmarrka u ynpasineHne» Poccuiickoii akaeMUuu HayK».

IIpocpammmuiiii komumem
IIpencenarens
Coitpep B.A. — akagemux PAH, n.1.H., mpod., Camapckuii yauBepcuter mmeHu axanemuka C.I1. Kopomesa, r. Camapa,

Poccust.

3aMecTHTeNb mpeaceaaTens
Kazauckuit H.JI. — 0.¢.-M.H., npodeccop, UICOU PAH, r. Camapa, Poccusi.
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Unens! [IporpaMMHOro KOMUTETa

xanem K. — Ph.D, Llenrpansuslii yausepcuret >xkapkxanaa, r. Panuu, [pxapkxann, Uaaus;

Marpynos T.M. — 1.1.H., npod., TalkeHTCKUI Tocy1apCTBEHHbIH TEXHUYECKUH yHUBepcuTeT nmenu Vcnama Kapumosa, r.
TarkenT, Y36ekucTaH;

HenssBens A.M. — A.T.H., JoueHT, benopycckuii rocyjapcTBeHHBINH yHUBEpCUTeET, T. MUHCK, benopyccus;

Hemseens O.B. — k.T.H., moneHT, benopycckuii rocynapcTBeHHBII YHUBEpCHTET, T. MuHCK, benopyccens;

O’ ®aoneitn JI. — nmpod., Hanmonansuerit nacTHTyT THHAN, . Kopk, Upnanmus;

[ackamm M.A. — mpo¢., MHCTHTYT HHMOPMAIMOHHEIX Hayk W TexHojormd «A. @Pasgo» (MCTU) UramesHCKOTO
HAIlMOHAJBHOTO MCCIIEAOBATEIILCKOTO coBeTa, T. I1n3a, tamus;

CaboneBcku M. — mpo., [Tonmecko-smoHcKas akageMusi HHGQOPMAIIMOHHBIX TEXHOJIOTHH, T. Bapmrasa, [Tomnpma;

Caxun C. — npo., YHuBepcuret bpaiirona, r. bpaiiton, BenmukoOpuranus;

®an b. — npod., UHcTuTyT OnTHKYM 1 2nekTpoHukK Kurtaiickoi akagemun Hayk, r. Cerayanb, Kuraii;

XKanr JI. — npoc., lllanpayHCKNI HAyYHO-TEXHOJIOTHYECKUH YHUBEPCUTET, T. [{nHnao, Kuraii;

BerukoB U.B. — akanemuk PAH, n.1.1H., npod., MTHCTUTYT TUHAMHUKH CUCTEM U TEOpHH ynpasiieHus numMeHu B.M. MarpocoBa
Cubupckoro otnenenus PAH, r. Upkyrck, Poccus;

Boesomun B.B. — wn.-kopp. PAH, x.¢.-m.H., mpod., MockoBckuii TocynapcTBeHHBIN yHEBepcuTeT nMeHN M.B. JlomoHOCOBa,
r. MockBa, Poccus;

lonoBamkme J.JI. — nm.d.-m.H., mnpod., HHCTHTYT cucTteM o00pabotkn wu3oOpaxennit PAH - ¢ummman DHUIL]
«Kpucrammorpadus u poronuka» PAH, r. Camapa, Poccus;

Towmn E.B. — k.T.H., nouent, CamapcKuil HalMOHAJbHBIA HCCIIEAOBATEIbCKUN YHUBEpcUTET MMeHM akagemuka C.II.
Koponega, r. Camapa, Poccusi;

I'ynse 10.B. — akapmemux PAH, n.¢.-m.H., npod., MHCTUTYT paanOTeXHUKH M 3JIeKTpOHUKH MMeHH B.A. KoteipHukoBa
PAH, r. Mocksa, Poccus;

XKenros C.1O. — akagemuk PAH, n.1.1., npod., locHUU aBuanmonHsix cuctem, r. Mocksa, Poccus;

3axapos B.Il. — m.¢.-m.H., pod., Camapckuii HaIMOHANBHBIA HCCICIOBATEIbCKUI yHHBEpcHTET mMeHU akamemuka C.II.
Kopounega, r. Camapa, Poccus;

UnpsicoBa H.1O. — n.1.1., nonent, MHCcTUTYT cricteM 00padoTku nzobpaxkernii PAH — ¢puman ®HUILL «Kpucramiorpadus u
(doronuka» PAH, r. Camapa, Poccus;

Kanommu B.A. — n.¢.-M.H., npod., UHCTUTYT pamuoTeXHUKH H IeKTpoHUKH nMeHN B.A. KorenpaukoBa PAH, r. Mocksa,
Poccus;

Kapno O.3. — akanemux PAH, n.m.H., npod., Harmonanesslit Meauko-xupypruueckuii Llentp nmenn H.U. IMTuporosa, r.
Mockga, Poccus;

Kucrenes 10.B. — 1.¢.-M.H., npod., Tomckuii rocynapcTBeHHbII yHUBepcHTeT, T. ToMck, Poccus;

Kosnosa E.C. — k.¢.-M.H., UHCTHTYT cuctem o0paboTtku uzoOpaxennii PAH — dunmman ®HULL «Kpucramtorpadus u
dbotonuka» PAH, r. Camapa, Poccus;

KonoB B.M. — akamemuk PAH, m.¢.-m.H., npod., MHCTUTYT 0OmIelt ¢u3uku mmenn A.M. IIpoxopoBa PAH, r. Mocksa,
Poccus;

Kotmsip B.B. — 1.¢.-m.H. mpod., UaCTHTYT cuctem oOpabotku m3obpaxennit PAH — ¢umman ®HUILL «Kpucrammorpadus u
tdoronuka» PAH, r. Camapa, Poccus;

Kympuna F0.H. — akagemuxk PAH, n.¢.-M.H., pod., THCTUTYT aBTOMAaTUKH U MPOIECCOB yIpaBleHUs JaTbHEBOCTOYHOTO
otnenenust PAH, r. Bnanusocrok, Poccus;

KynpusaoB A.B. — a.1.H., nouent, CaMapcKuil HaIIMOHAJBHBIN MCCIIENOBATEIbCKII yYHUBEpCUTET MMeHH akajgemuka C.I1.
Koponesa, r. Camapa, Poccus;

Jlabynen B.I'. — 1.1.H., mpod., Ypanbckuii TOCy1apCTBEHHBIN JIECOTEXHUYECKU YHUBEPCHUTET, I'. ExaTepunOypr, Poccus;
Jlynsan E.A. — n.1.1., ipod., UacTUTyT KOcMudeckux uccnenoBanuii PAH, r. Mocksa, Poccus;

MsicaukoB B.B. — a.¢.-M.H., pod., Camapcknii HallMOHAJIBHBIN HCCIIC0BATENILCKMH yHUBEpcUTeT UMeHH akanemuka C.I1.
Koponesa, r. Camapa, Poccus;

Hemupxo A.IL. — n.1.H., npo¢., Cankr-IleTepOyprckuii rocyaapcTBeHHBIN dneKTpoTexHHYecknil yauBepeureT «JIDTH» um.
B.U. Yibsuosa (Jleauna), r. Cankr- [lerepOypr, Poccus;

HuxuroB C.A. — akanemuk PAH, n.¢.-M.H., npod., MTHCTUTYT pajiMOTEXHUKH W 3JIEKTPOHUKH MMeHH B.A. KorenpHHKOBa
PAH, r. Mocksa, Poccus;

Hukomaes [I.I1. - k.¢p.-m.H., UHCTHTYT nipobaem nepexaun nHpopmannn uMmeHH A.A. Xapkesnua PAH, r. Mocksa, Poccns;
Hukonopo A.B. — n.1.H., MHCTHTYT cucteM o0pabotku m3obpaxenuit PAH — ¢wman OHUL| «Kpucramiorpadus u
¢dortonnka» PAH, r. Camapa, Poccus;

Hoswuxos J[.A. — akanemuk PAH, n.1.1H., npo¢., MucturyT npobaem ynpasnenus PAH, r. Mocksa, Poccus;

[orarypkun O.U. — a.T.H., npod., MHCTUTYT aBTOMaTHKN U 31ekTpomerpun Cubupckoro oraenenus Poccuiickoi akageMun
Hayk, T. HoBocubupck, Poccus;
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Ceprees B.B. — n.1.H., npod., Camapckuii HAIMOHAIBHBIA UCCIICIOBATEIbCKII YHUBEpCUTET MMeHH akajaemuka C.I1.
Kopounesa, r. Camapa, Poccus;

Coxonos U.A. — akanemuk PAH, a.1.H., npod., ®enepanbusblii nccinenoBarensekuii eHTp «VHPOpMaTrka 1 ynpaBieHHe
PAH;

Tkauenko U.C. — k.T.H., goueHTt, CamapcKkuil HallMOHAJIBHBIN HCCIIEeI0BATENbCKUN YHUBEpCUTET UMeHH akagemuka C.I1.
Kopomnesa, r. Camapa, Poccus;

Tyunr B.B. — unen-xopp. PAH, 1.¢.-M.H., mpod., CapaToBCKHiT HAITMOHATIHHBIIN HCCIIE0BATENECKUI TOCyIapCTBEHHBII
yauBepcuteT uM. H.I'. Uepurimesckoro, r. Caparos, Poccus;

XonwnHa C.H. — a.¢p.-m.H., ipod., UaCTHTYT cuctem 06pabotku n3obpaxennit PAH — ¢punnan ®HUL «Kpucramnorpadus u
tdoronnka» PAH, r. Camapa, Poccus;

Youwua [1.A. — a.1.H., UHCTHTYT IpOGneM nepenaun nadopmannu numenn A.A. Xapkesuda PAH, r. Mocksa, Poccus;
IOnnames 3.M. — A.T.H., npod., Cankt-IlerepOyprckuii rocy1apcTBEHHBIN 3JIEKTPOTEXHUUECKHI YHUBEpcUTeT «JIDTU» nm.
B.W. Ynesuora (Jlenuna), r. Cankr- [letepOypr, Poccust.
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Abstract—In this research, we demonstrate the capabilities
of the normalized range method (R/S analysis) in the study of
fractal patterns in biomedical data of complex living systems.
The Hurst exponent allows differentiating temporal signals in
the presence of minimal information about the complex system
under study, depending on the nature of the correlations
manifestation. The capabilities of the proposed algorithms
were demonstrated by analyzing the scaling features of the
temporal dynamics of the tremor rate in Parkinson's disease,
the bioelectrical activity of the brain of patients with epilepsy,
including those under external influences. The results can be
used in computational biophysics and physics of complex
systems to search for diagnostic criteria for neurological and
neurodegenerative diseases, as well as to study the processes of
biological aging and changes in the “physiological complexity”
of the human body.

Keywords—Iliving systems, biomedical data, persistent and
antipersistent correlations, scaling, Hurst exponent, fast and slow
algorithms, localization, electroencephalograms, evoked and
spontaneous brain signals

. INTRODUCTION

Time signals, including experimental series of
biomedical data, produced by complex systems, contain
unique, inherent in highly organized composite objects,
information about the evolution, organization, structure, as
well as the nature and role of the interaction of individual
components [1, 2]. The study of the unique properties of
living systems: the nature of quantitative and qualitative
relationships between the elements of the whole; collective
phenomena of coordination and  synchronization;
mechanisms of self-organization and self-adjustment; power-
law distributions and scale transformations, manifested in the
behavior of the recorded parameters; interactions and
correlations of individual components, linear and non-linear
responses to external influences and excitations, becomes
possible thanks to statistical methods for processing
experimental data, in particular clinical and biomedical [3].

Fractal and multifractal analysis are aimed at finding an
effective method for describing complex systems based on
discovering their fractal nature (self-similarity) or
determining simple patterns and clear laws that determine the
order in the structure. It is quite simple to implement is the
normalized range method or R/S analysis proposed in H.
Hurst [4]. In the further development of this analysis, the
works of B. Mandelbrot, E. Feder, and others played a
significant role. At the same time, the accuracy of the

Dmitry Averkiev
Institute of Physics
Kazan Federal University
Kazan, Russia
aver263@gmail.com

calculated Hurst parameter significantly depends on the
extremely individual nature of biomedical signals.

This paper shows how to improve the accuracy of
calculations of the Hurst exponent, taking into account the
unique nature of complex systems. The accuracy of the Hurst
exponent calculated by the classical (fast) algorithm is
increased by using the slow algorithm with averaging (up to
10%); by using piecewise linear approximation: in the case
of a complex image of the curve log(R/S) or log(N); by
analysis of the local Hurst exponent, which considers the
peculiarities of scaling in individual sections. Thus, we mean
the adaptation of the numerical algorithm in accordance with
the structure of the studied time signal.

Il.  FAST AND SLOW ALGORITHMS IMPLEMENTING THE
NORMALIZED RANGE METHOD

The research presents the basic mathematical
relationships for the computer implementation of fast and
slow (with averaging) algorithms for calculating the Hurst
exponent.

The quick algorithm is the standard calculation of the
Hurst exponent:

R_(@a-n), &

S
where a is a constant value, N is the number of observations
H is the Hurst exponent, S is the standard deviation, R is the
range of the deviation. At the beginning, a calculation is
performed for a certain time sample of the experimental
series, and the calculations are performed. Then it is
increased by one discretization step z, calculations are made,
etc. An estimate of the Hurst exponent will be the slope of
the R/S function of N, presented in double logarithmic
coordinates. The slope angle tangent is determined by linear
approximation.

In the case when the dependence of log(R/S) on log(N)
has the form of a broken line, algorithm for calculating the
Hurst exponent with averaging over the selected time period
Nz can be used. The window Nz is shifted each time by one
time series discretization step to the right (until the end of the
time series). Parameter calculations are performed every
time. The graph displays the logarithm of the mean R/S.

The analysis of self-similar properties in separate
sections of the temporal evolution of living systems is
performed using the localization procedure.
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In this case, it is also possible to implement two
algorithms. In the first case, the calculation is carried out by
splitting the original time series into short segments of a
certain size nr and then finding the Hurst exponent for each
segment. In the second case, the calculations are performed
for the sample nz, each time moved by one sampling step.

The mathematical implementation of all the presented
algorithms is presented in the extended version of the work.

The capabilities of the proposed algorithms were
demonstrated by analyzing the scaling features of the
temporal dynamics of the tremor rate in Parkinson's disease,
the bioelectrical activity of the brain of patients with
epilepsy, including those under external influences.

I1l.  EXPERIMENTAL DATA
The study considers three types of biomedical data:

1. Pathological index finger tremor velocity signals of 16
patients with Parkinson's disease (Fig. 1). Registration was
performed in the absence of medical interventions, under the
influence of deep brain stimulation and drugs (8 conditions
in total) [5].

2. Electroencephalograms (EEG) of patients with
epilepsy. Recordings included periods before, during and
after an epileptic seizure. The C4 electrode was located in the
central part of the head (Fig. 2) [6].

3. Visually evoked EEG from patients with epilepsy.
Registration was carried out by means of an O: electrode
located in the occipital region of the head (Fig. 2) [6].

The results of processing the second and third data
arrays, and the study of the local behavior of the Hurst
exponent are presented in an extended version of the work.
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Fig. 1. The graphs show the speed of oscillations of the index finger of a
patient with Parkinson's syndrome: (a) — without treatment (H=0.514,
H=0.519), (c) — after treatment (H=0.599, H=0.604). b), d) — plots of
log(R/S) and log(N) dependences for the studied signals: «quick» algorithm
—on the left, algorithm with averaging — on the right
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Fig. 2. International scheme of layout of electrodes «10-20»

IV. CONCLUSIONS

To study the features of spatiotemporal scaling and
correlations in  complex biomedical data, various
implementations of the normalized range method are
proposed: a fast algorithm and a slow algorithm with
window-time averaging followed by a linear approximation.
The study of the local behavior of the Hurst exponent is
performed based on the localization procedure presented in
two implementations [7].

In the frameworks of the R/S analysis an increase in the
persistent nature of correlations was found in the case of a
therapeutic effect on a patient with Parkinson's disease. A
reversal (decline-rise) nature of the dynamics of correlations
was found during a tonic seizure in a person with epilepsy.
It has been established that the dynamics of visually evoked
human EEG signals is characterized by a high level of
correlation. An analysis of the temporal (local) behavior of
the Hurst exponent H(t) allowed revealing the alternation of
persistent and antipersistent correlations in certain areas of
the EEG signal of a person during a tonic seizure.
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Annomayua— HWcecnenyercsi BO3MOKHOCTb HMCHO/Ib30BAHUS
TEKCTYPHBIX NPH3HAKOB 51 AuddepeHmaabHol AUATHOCTHKH
TePBHYHBIX BHEMO3TOBBIX OMyXoJeii Mo AByMepHBIM IH(POBLIM
MPT u3o0pakenusiv. B kauecrBe HH(POPMALIMOHHBIX NIPU3HAKOB
paccMATpUBAJINCh  THCTOTPAaMMHBIE M KOPPEJISIIHOHHBIE
XapaKTePUCTHKH, a TAK/Ke NPU3HAKH HA OCHOBe [JIMH CepHii.
Ot100p 3(p(eKTHBHBIX NPU3HAKOB MPOBOAUTCS HA OCHOBE
KpUTepusi  JUCKPHUMHHAHTHOro  aHanusa. IIpumeHnMMoOCTH
Npe/I0:KeHHOT0 MOJIX0/1a s pelieHust 3a1aun
auddepeHaIbHOl AMATHOCTUKA MEKIY Pa3IMYHBIMA THIAMH
BHEMO3TOBBIX OIMYXO0JIeil HCCIenyeTcss IKCIepHMEHTAILHO Ha
HaOope u3 66 nanyenTa. AHAJIU3 AaHHBIX cTaHAapTHoro MPT Ha
OCHOBe PaInoOMHUKH noKazaji JTy LI pe3yJabTat
nu¢pdepeHIUATLHON THATHOCTUKH 10 CPABHEHHMIO C BU3YAJIbLHOM
OLICHKOIA.

Kniouesvie cnosa— paduomurxa, meKCmypHulil aHAIU3,
0UazHOCMUKa, 0moop NPU3HAKOE, OUCKPUMUHAHMHBLI AHATIU3.

1. BBEJIEHUE

B mHactosmmee Bpems, B CBSI3M C PACTyIIUM OOBEMOM
MEIUIMHCKUX UCCIICAOBAHUH, aKTyalbHa 3a/1a4a TIOCTAHOBKU
BEPHOTO AMArHo3a. JTa 3aJjada OCOOCHHO aKTyaJhbHAa TpPHU
nmuddepeHIranbHON THarHOCTHKE MEPBUYHBIX BHEMO3TOBBIX
omyxonert (IIBO) Ha wu3oOpaxenmwssx MPT (MaraurtHo-
Ppe30HaHCHOU Tomorpadum) [1]. Wurepnperarys
W3MCHCHUH, BBHISIBICHHBIX HAa METUIIMHCKUX H300paKCHUIX
OCHOBaHAa Ha BH3yaJbHOM aHAIW3¢ OrPAHHYCHHOIO
KOJINYECTBA KAYECTBCHHBIX U KOJIMYCCTBCHHBIX KPHUTCPUCB
(roxanmzanms, yucio, Gopma, pasmep, CTpyKTypa U T.1.).
OmHako, TMOMHMO 3TOrO  HEOONBIIOTO  KOJIHYECTBA
PEHTTCHOJIOTHYCCKUX MNPU3HAKOB [IaHHBIC BH3yallU3allHd
0oraTel KOJWYCCTBEHHBIMH MapaMeTpaMu (ICCKPUITOPHI
(OpMBI, THCTOTPAMMHBIE U TEKCTYPHBIC XapaKTECPUCTUKH)
[2]. Ananum3 a3THX mnapamMeTpoB MOJU(PHIMPYET 3a1auy
HHTEPIPETAINH JaHHBIX UArHOCTHUCCKUX H300paKEeHUH 13
CyOBEKTUBHOW W KAa4eCTBCHHOW B OOBCKTHUBHYI U
konmuecTBeHHyI0 [1]. JlaHHBIA MOIXOJ TMOIyYHJ Ha3zBaHUE
paauoMuka. B HEHpOOHKONOTHH PaJHOMHKA HCIONB3YeTCs
KaKk JUIg  pelieHus 3amad  Kak  JaudepeHnruanbHOR
JMUATHOCTHKH OMyXOJICH, TaKk W U OIPEACICHUS POTHO3a
TeueHHs1 3a00J€BaHMs W OTBETA ONMyXOJW Ha JyieueHue [3].
Pagromuka TO3BOJIICT BBISIBUTH LUGPOBBIC (EHOTUIIBI

BU3YaNIM3allMN IyTeM KOMIUIEKCHOTO H3yYCHHS METOIaMH
TEKCTYpHOTO ©  MopdomeTpudeckoro axammsa [4,5].
UsBieuenne KOJIMYECTBEHHBIX JTaHHBIX u3
MYJIBTHMOTATEHBIX MEIUIMHCKUX n300pakeHui C
HCIIOJIb30BAHUEM JIOCTIKECHMM B obnacTu
WHTCJUICKTYAIFHOTO  aHalW3a JaHHBIX W MAaIIHHHOTO
00ydeHHs TI03BOJIIET BBISBIATH B3aUMOCBS3b  MEXIY
IUQPPOBBIME CBOWCTBAMH MEIHWIUHCKOTO H300paKeHUS U
KIMHUYECKUMH JAHHBIMH JUIS MCIOJIB30BaHHS B CHCTEMax
MOJJICPKKK  TpuHsITUsL peureHuid  [6,7]. Pamuomudeckuii
aHalmM3  BKJIIOYAaeT  HECKOJNbKO  JTamoB:  cOop |
mpeaBapuTelbHas 00paboTka H300pakeHHH, CEerMEHTAIUS
30HBI WHTEpeca, W3BJIEUEHUE MPU3HAKOB U IOCTPOCHUE
MaTeMaTHYeCKOH MOJETH, OTOOpaXKaromled B3aMMOCBSI3b
MPU3HAKOB M300paXeHHS C KIMHUYECKUMH JTaHHBIMHU.

Llenpio wMcciennoBaHus ABISETCS CpaBHHUTEIbHAs OLEHKA
BO3MOJKHOCTEM BHU3Y@JIbHOM CEMHMOTHMKM W TEKCTYPHOI'O
agamm3a  MP-moOpaxkenmit  mi1  auddepeHmmansHoM
JIMATHOCTUKH TIEPBUYHBIX BHEMO3TOBBIX OIyXOJIEH.

2. OKCITEPUMEHTAJILHBIE UICCJIEJIOBAHUSA

UccnenoBanue Brioyano 66 mauueHTa ¢ MNEPBUYHBIMHU
BHEMO3TOBBIMH OIMYXOJISIMH, KOTOpbIe OBbLTH pa3/eieHbl Ha
JIBE TPYIIBL: O0YYAIONIYI0 W BaTUAaloHHy0. O0ydaromas
rpynma Bkimovaiga 39 mamueHToB (miecTs MyX49uH u 33
JKSHIIMH) B Bo3pacTte ot 33 10 62 net (MenuaHa Bo3pacta 58
neT). BanupanuonHas rpynma coctosuia u3 27 MarueHToB.
OcyIecTBISIIOCH JIBa HAIIPABIIEHUS UCCIIEI0BAaHUM.

1) BwmzyampHas OIIGHKa CEMHOTHKH  OIyXOJIEH.
OneHnBaINCh Kak KadecTBEHHbIC (JoKanu3auus, Qopma,
KOHTYp, CTPyKTypa ¥ T.[.), TaKk ¥ KOJHUYECTBEHHBIE
(nmnomans 1 00bEM OITyXOJIM, HHTEHCHBHOCTh MP-curnana
MPU3HAKH.

2) TeKCTYpHbIH aHAJIN3 BHIOJIHSINCH C HCIIOJIBb30BAHHEM
nporpammbel MaZda [8, 9], koropast 03BOJIsIET pacCUNTHIBAT
CJIelyIOIMe TPYNIbl IPU3HAKOB TEKCTYPhI: a) OCHOBAHHbIE
Ha CTAaTHCTHYECKUX XapaKTePHCTHKaxX; O) OCHOBaHHBIE Ha
TpaJMieHTHBIX I1apaMeTpax; B) OCHOBAaHHBIE Ha MaTpHIle
CMEXHOCTH; T') OCHOBaHHBIEC Ha MAaTPHIIE JJIMHBI CEPHH.
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Cexnust 6. MaOpMaIIHOHHBIC TEXHOIOTUH B OHOMEUIINHE

Ilepen  BeIMONHEHWEM  aHauM3a  OCYILIECTBILUIACH
aBTOMAaTHYECKasi CETMEHTAIHs OMyXOJei ¢ MCIOIb30BaHUEM
cBepTouHoil HeiiponHoit cetu [10]. Ilpu BBIMOJHEHHH
THCTOTPAMMHOTO ¥ TEKCTYPHOTO aHajIH3a BBINOJIHSIACH
HOpMaJM3aIysl APKOCTH HM300paKeHHi B quarna3one [HU-3o0,
p+3c], rme | - cpeaHee 3HAUCHWE YPOBHS CEpOro, a G —
CTaHIapTHOE OTKJIOHEHWe. JIMCKPUMHHAHTHBIH — aHau3
MPUMEHSIICS B KQUECTBE METO/1A, MTO3BOJIIOIETO BEINTOIHUTH
CTaTHCTUYECKOE  MOJEIMPOBAaHUE Ha OCHOBE  OLICHKH
COBOKYTTHOTO BKJIAJIa Pa3IMYHBIX MPU3HAKOB IJISI Pa3eICHUS
OIMyXOJIeH.

BeIIo  mOCTpOeHHOE [BE CTATHCTHYECKHE MOJIEIM Ha
OCHOBE JaHHBIX OOYyYalOIIMX TPYMIL C HMCHOJIb30BAaHUEM
MPU3HAKOB CEMUOTHKHU (MOJENb 1) M Ha OCHOBE TEKCTYPHBIX
mapamMeTpoB  (Mozmenb  2).  AHauM3  AMATHOCTHYECKOU
3 PEeKTHBHOCTH AUCKPAMHHAHTHBIX MOJENCH 3aKITIodaics B
pacuere OIIEpaIMOHHBIX XapaKTepPHUCTHK TECTOB:
qyBCTBUTECNBHOCTH,  CHEIM(HUIHOCTH TIO  pe3ysbTaTaM
BaJIMJIAIIMOHHON NMPOBEPKH. MOKHO OTMETHUTh, YTO MOJIEIb Ha
OCHOBE TEKCTypPHBIX NPH3HAKOB BEPHO KJIACCH(HIMpPOBAA
83,3%  370KaYECTBEHHBIX  MCHHUHTHOM,  3HAYHMTEIIBHO
MIPEBOCXOAS PE3yIIBTAaThl MOzienH 1 (BepHO Kiaccu(uImpoBaia
50% 370Ka4eCTBEHHBIX MEHHMHIMOM). Mojenb 2 Tak ke
MIPOIEMOHCTPHpPOBAIa Ty YIIyEO KIIacCU(UKALHIIO
JI0OpOKaYEeCTBEHHBIX OITyXOJIeH, MPEBOCXO/IS
qyBCTBUTENBHOCTH Mo 1 pumepro Ha 20% (prCyHOK 1).
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Puc. 1. JlnarpaMMbl XapakTepUCTHK 4yBCTBUTEILHOCTH (SN) U crietudud-
HOocTH (SP) sl pasiMYHBIX JIMCKPUMHHAHTHBIX ~MOJEJIeH 1o
pe3yJbTaTaM UX BaJIMAALMOHHON TPOBEPKU

B momenms 1 BoOIUM ClEAyIONME NPU3HAKH: CPEHHSS
HHTEHCHUBHOCTh MP, MUHHMAaJIbHOE 3HAYCHHE KOA(QHUIlEeHTa
maddy3m, o00beM OMyXoiW, HaJdW4dMe 30H HEKPo3a,
n3MeHeHue o yiexaiei koctu. B monens 2 - 20 nmapameTpos:
HEPaBHOMEPHOCTH YPOBHS CEpOro, NMPU3HAKH MAaTPULBI JTHH
cepuid. JlaHHBIE TPH3HAKH OTOOPAXKArOT HEOIHOPOIHOCTH
CTPYKTypsl — omyxou. OToOpaHHblE — JUCKPUMHUHAHTHBIM
QHAJM30M HH(POPMATHBHBIC TPU3HAKK XapaKTePH30BAJIUCh

MaKCUMaJIbHbIM BKJIaZIOM B pasaeiicHue oIty XOJICH.
Juarpammbl  (pUCyHKE ~ 2)  HaDAHO — TIOKa3bIBAIOT
BO3MOYKHOCTM  JUCKPUMHHAHTHBIX  MOJIEJIEH  pa3lieniTh
OITyXOJIN.
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Puc.2. Jluarpammsbl pacmpeaeneHus NMPU3HAKOB Ul MOJENel: a — Ha
OCHOBE MPU3HAKOB CEMHOTKH, D — Ha OCHOBE I'MCTOIPaMMHBIX U

TEKCTYPHBIX [TapaMeTPOB

OTMeUaeTCs HATMYKS TIEPECeUCHUS TIPOCTPAHCTB JUIS MOJICITH
1 wMexmy moOpOKadeCTBEHHBIMH ¥ 3JIOKaYeCTBEHHBIMH
MCHHHIMOMAMH U MOJTHOE Pa3/Ie/ICHUE OITyXOJIeH MOJICITBIO 2.

3. 3AKJIIOYEHUE
Pe3ynpraTel MccienoBaHMs MOKa3bIBAIOT, 4YTO AHAIN3
JaHHbIX cTa”maptHoro MPT  Ha ocHOBe paguoMHKu
MOKAa3bIBACT  JIyUIIWA  pe3ynbraT  auddepeHInanbHONR

quarHocTuku [IBO 1o cpaBHEHHMIO C BH3YaJIbHOM OIICHKOM.
[pennokeHHast craTicTUYECKas MOZENb 00JaJaeT BBICOKOW
qyBCTBUTEIHHOCTHIO u crienuduaHOCTEH Ut
T depeHIaIbHON THATHOCTHKA MEXAy TpeMs HamoOolee
yactbiMi [1BO: noGpoKxadecTBEHHBIMU H 3I0Ka4eCTBEHHBIMH
MEHUHTMOMaMH W HEBPHHOMaMH. MoielMpoBaHue Ha OCHOBE
JUCKPUMHIHAHTHOTO ~QHAJM3a MPOJEMOHCTPHPOBAIO, YTO
TEKCTYpHBIE TPH3HAKH MOTYT OBITh HCIOJIB30BAHBl IS
nmudhepeHIATBHOM JIMarHOCTHUKHU TIBO, Hu
BhICOKOMH(OpMaTiBHEL, Ha 45% mnpeBocXois Moneidb Ha
OCHOBE MPU3HAKOB CEeMHOTHKH. Hcnons3oBanue
KOJIMYECTBEHHBIX MOKa3aTelNiel, ONMUCBHIBAIOIINX CTPYKTYPY
OIyXOJIM, MOJET MOBBICUTh TOYHOCTH AU epeHIranbHOM
JIMArHOCTUKH | JIMIIEHA CYyObEKTUBHOCTH.

BJIATOJAPHOCTHU

Pabora BbImomHEHA TIpu (UHAHCOBOM IOJAEPKKE
MunncrepcTBa HayKu M BHICHIero oOpaszoBanusi P®D, B
paMKax BBIITOJTHEHHS PabOT MO TOCYyAapCTBEHHOMY 3a/IaHHIO
OHUI «Kpucranmorpadus u potonnka» PAH.
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Cekuust 6. THGOpMaMOHHBIC TEXHOIOTHH B OHOMEIUIIHE

Correlations and statistical memory effects as
markers of age-related changes in complex systems
of living nature

Sergey Demin
Institute of Physics
Kazan Federal University
Kazan, Russia
serge_demin@mail.ru

Natalya Demina
Institute of Physics
Kazan Federal University
Kazan, Russia
vnu_357@mail.ru

Abstract—In this paper, we study the physical mechanisms
of the biological aging phenomenon of complex systems of
living nature. We show that the correlations and effects of
statistical memory, established within the framework of the
Memory Functions Formalism, can serve as markers of age-
related changes in the neuromuscular system and visual-motor
coordination of a person. The dynamometric signals of
representatives of older age groups are characterized by a
shorter lifetime of statistical memory and an increase in the
scale of fluctuations compared to the signals of young
volunteers. The aging of an organism leads to a distinct
deformation of the spatiotemporal structures represented in
the phase space and to a change in the spectral behavior of the
signals. The results obtained will be of interest to data sciences,
complex systems physics and gerontology.

Keywords—data sciences, complex systems, biological aging,
time series analysis, correlations, effects of statistical memory,
dynamometric signals, markers

1. INTRODUCTION

Starting from the second half of the 20th century, studies
of the dynamics and evolution of complex systems of diverse
nature have acquired particular relevance in the natural
sciences. Complex systems are considered as composite
objects represented by a significant number of interacting
components. Such interaction leads to unique properties of
complex systems, such as openness, nonlinearity,
adaptability, emergence, self-organization, and critical
transitions [1]. Living systems have the most complex
spatiotemporal organization, the study of which requires the
development of new theoretical approaches, experimental
methods, as well as their combination using artificial
intelligence technologies (classical learning, neural networks,
and deep learning) [2].

Each of the biomedical signals (electroencephalograms,
electrocardiograms, electromyograms, etc.), fixed at a certain
time interval with a given sampling rate, is a manifestation of
a complex set of physiological processes and can contain a
large amount of information about the state of both an
individual organ and an organism.

While theoretical approaches to the search for diagnostic
criteria for various diseases of the human body have been
developed to a sufficient extent, in studies of age-related

Dmitry Averkiev
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Kazan Federal University
Kazan, Russia
aver263@gmail.com

Valentin Yunusov

Institute of Physics
Kazan Federal University
Kazan, Russia
valentin.yunusov@gmail.com

changes in living systems, questions remain, primarily
related to the search for ways to describe the physical aspects
of the phenomenon of biological aging most fully [3]. To
solve such issues, the authors propose to use the Memory
Functions Formalism (MFF) — a theoretical approach to the
study of correlations and effects of statistical memory in the
dynamics of complex systems [4, 5].

2. THE STUDY OF THE EVOLUTION OF COMPLEX
SYSTEMS WITHIN THE MEMORY FUNCTIONS FORMALISM

MFF is a theoretical approach developed by the Kazan
school of statistical and computational physics as applied to
the discrete dynamics of complex non-Hamiltonian systems
of various nature [4, 5]. Here we will not dwell on the basic
mathematical relations introduced into the MFF. It should be
noted that this approach allows extracting a significant
amount of information hidden in time signals by studying
auto- and cross-correlations, statistical memory and
synchronization effects, relaxation and Kinetic parameters,
orthogonal dynamic variables.

Correlations describe the relationship between two or
more random variables in the absence of a direct functional
relationship between them. At higher levels of the statistical
description of correlations in a hierarchical way, the idea of
the effects of statistical memory arises. Statistical memory
reflects the hidden nature of the processes of creation,
propagation and decay of correlations. The possibility of a
quantitative and qualitative description of statistical memory
appears due to the consideration of internal interactions and
aftereffects that occur between parts or components of a
complex system.

Here, by analyzing the dynamometric signals of healthy
subjects of different age groups, we demonstrate the key role
of correlations and effects of statistical memory in describing
the phenomenon of biological aging of living systems.

3. CORRELATIONS AND STATISTICAL MEMORY
EFFECTS AS MARKERS OF BIOLOGICAL AGING

The dynamics of the output power impulse of people in
different age groups was recorded by a group of American
physiologists led by D.E. Vaillancourt [6, 7]. The variability
of the output power pulse of the human index finger was
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recorded using a dynamometric sensor. Representatives of
three age groups participated in the experiment: Group | (20-
24 years old), Group Il (64-69 years old), Group Il (75-90
years old).

Subjects of all age groups had moderate muscle activity.
The wrist and unused fingers of the right-hand during
registration were fixed in a motionless state. The volunteer
pressed the dynamometric sensor with the side of his index
finger (Fig. 1).

In the first part of the experiment, for each participant
was the maximum pressing force was identified. In the
second part of the experiment, volunteers pressed the sensor
with a pressing force of 5%, 10%, 20% and 40%. The
required force was achieved by matching the theoretically
calculated signal displayed on the screen and the
dynamometric signal obtained by pressure on the sensor.
Such registration makes it possible to consider the complex
mechanisms of synergy of the neuromuscular system and
visual-motor coordination of a person.

Fig. 1. Demonstration of an experiment on registration of a dynamometric
signal

Here we cannot present all the results of the analysis of
these biomedical signals. Let us dwell only on fixing the
effects of statistical memory. The MFF uses the measure
e=¢,(0) [4, 5] to detect these effects. In the case of e»l, the
lifetime of the memory in the system is much shorter than the
propagation time of the correlations. The temporal evolution
of the system is characterized by weak statistical memory. A
decrease in the parameter characterizes the lengthening of
the memory lifetime in dynamics. For the case &~1 the
process is characterized by long-term (strong) statistical
memory. An intermediate variant is associated with the
manifestation of moderate statistical memory.

An increase in the average values of the measure of
statistical memory from group | to group Il indicates an
obvious suppression of statistical memory during biological
aging of the human neuromuscular system (Fig. 2).
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Fig. 2. Average values of the statistical memory measure for three age
groups of volunteers at 5, 10, 20 and 40% of the maximum pressure on the
dynamometric sensor

4, CONCLUSION

In this work, we discovered a weakening of the effects of
statistical memory during biological aging of the human
neuromuscular system. The dynamics of the output power
pulse of elderly and old people is characterized by a shorter
memory lifetime and an increase in the scale of fluctuations
compared to the signals of young volunteers. The
weakening of statistical memory is a kind of indicator of
functional changes in the neuromuscular activity of a person
during aging. In addition, age-related changes lead to an
obvious deformation and stratification of the spatiotemporal
structures of signals in the phase space and a change in their
spectral behavior.
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Abstract—In this research, in the framework of Memory
Functions Formalism, we study statistical memory effects of
electroencephalogram data for two groups of people by
performing auto- and cross-correlation analysis. The first one
consists of 8 professional musicians; the second group was
represented by 11 people without any musical education.
Bioelectrical activity signals were recorded during rest state
and 2 cognitive tasks: perceiving a fragment of musical piece,
and perceiving a text read aloud. During autocorrelation
analysis, we identify regions of brain cortex, statistical memory
effects of signals from which differ the most and use them for
the following analysis. During the second stage of work, we
identify differences in spectral behavior for both groups and
analyze the effects of frequency-phase synchronization. Finally,
it is demonstrated that our approach allows detecting
differences in the cognitive abilities of people when performing
various cognitive tasks.

Keywords—data science, living systems, biomedical data,
time series analysis, mathematical methods of data analysis,
autocorrelations, cross-correlations, frequency-phase
synchronization, electroencephalograms, perception, cognitive
tasks

I.  INTRODUCTION

A complex system is a composite object, the parts of
which are combined into a single whole according to certain
laws or connected with each other by given relationships,
because of which such a system acquires new properties that
cannot be reduced to the properties of its parts. One of the
examples of the most complex system is a human brain. In
this work, we analyzed electroencephalogram (EEG) data —
one of the methods to record bioelectric human brain
activity.

Professional experience and long-term training may lead
to a certain change in the activity of human brain cortex, that
can be detected by analysis of bioelectric data records [1]. As
a result, patterns of brain activity differ between experts and
non-experts in different fields. Discrepancies between the
biomedical data of professionals and non-professionals can
be especially significant during the performance of expert
tasks [2, 3].

Modern methods of quantitative and qualitative impact of
these changes are actively developing and include different
statistical analysis approaches, including machine learning
implementation [4].

The work is aimed at developing an original method for
analyzing the autocorrelations and cross-correlations of the

Sergey Demin
Institute of Physics
Kazan Federal University
Kazan, Russia
serge_demin@mail.ru

recording of the bioelectrical brain activity of professional
musicians and people without musical education. The
presented approach is based on one of the modern
biomedical methods investigating the dynamics of discrete
non-Markovian random processes in complex systems:
Memory Functions Formalism (MFF).

Il.  THE STUDY OF AUTO- AND CROSS-CORRELATIONS
FEATURES OF BRAIN ACTIVITY

In this work we develop an original method for
determining the distinctive parameters of the classification of
EEG signals recordings of people with different levels of
cognitive abilities development. This method is based on the
autocorrelation and cross-correlation analysis in  the
framework of Memory Functions Formalism and the study of
cross-correlation coefficients.

MFF is a theoretical methodology developed by the
Kazan school of statistical and computational physics as
applied to the discrete dynamics of complex non-
Hamiltonian systems of various nature [5, 6]. Here we will
not dwell on the basic mathematical relations introduced in
the framework of the MFF. Memory Functions Formalism is
remarkable in that it allows extracting a large amount of
significant features of the studied time series by performing
auto- and cross-correlation analysis and the analysis of
statistical memory effects.

In this study we consider the correlation characteristics of
EEG recordings of signals from two groups of people: 8
musicians who have been professionally involved in music
for at least 5 years, and 11 people without any musical
education (non-musicians). Recording was performed for 90
seconds at rest with eyes closed. During the recording, the
subjects performed cognitive tasks of perceiving 3 fragments
of a musical work and listening to a text of neutral content,
read aloud [7]. Recordings were made according to the
International scheme of layout of electrodes «10-20%» (Fig. 1).

In the first part of this work, for each subject
«meaningful» electrodes were identified by performing
autocorrelation analysis. These electrodes correspond to the
certain areas of brain, in which the statistical memory effects
of bioelectric activity differs mostly for the participants in
both groups.
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Fig. 1. International scheme of layout of electrodes «10-20%>»

Then, for the identified electrodes, cross-correlation
analysis was performed, in which the spectral parameters and
the value of cross-correlation coefficient were considered.
We discovered different a different nature of the spectral
behavior of EEG signals for experts and non-experts: the
predominance of low-frequency periodic processes in the
brain activity of experts, high-frequency processes — for non-
experts.

As a result, it was found that, in average, for a
representative of the control group, the intensity of the power
spectrum peaks is significantly higher (Fig. 2). It can be seen
that both groups are characterized by the presence of low-
frequency periodic processes (~1-1.5 Hz for the
representative of the control group and ~0.5 Hz for the
expert). In addition, for the representatives of the control
group, more high-frequency periodic activity (~10 Hz) was
also significantly manifested.
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Fig. 2. Power spectra of the cross-correlation statistical memory function of
the signal from the Fp;—Te electrodes for the task of the perception of music
for a person from the control group (a) and an expert (b). The arrows mark
the peaks with the highest intensity

A certain level of manifestation of the effects of
frequency-phase synchronization in the dynamics of EEG

signals in various cognitive and sensory processes has been
established. In the task of listening to music, a higher level of
synchronization is typical for experts (electrodes Ts—Fp1); in
the task of text perception — for non-experts (combination of
Ts—Fps electrodes).

Ill.  CONCLUSIONS

In this work, an original method for analyzing auto- and
cross-correlations of human biomedical data is being
developed. The approach is based on the finite-difference
analogue of the Zwanzig-Mori equations [8, 9] intended for
studying the discrete stochastic dynamics of complex
systems.

In the framework of Memory Functions Formalism we
discovered that the dynamics of biomedical parameters is
characterized by more random nature for non-experts when
listening to a fragment of a musical work; for experts —
while listening to the text. Also, while performing all tasks
in the biomedical data of the representatives of the control
group, in contrast to the representatives of the expert group,
high-frequency periodic activity was manifested to a much
greater extent. Moreover, when analyzing the effects of
frequency-phase synchronization, significant differences
were found in the degree of correlation of biomedical
signals recorded in remote areas of the cerebral cortex for
two groups of subjects.
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CpaBHUTEIbHBIN CIEKTPAIbHBIN aHAJIN3 Pa3IMYHbBIX
OmoMarepranoB ¢ IPUMEHEHHEM MaTeMaTHYeCKUX
METO0B 00Pa0OTKH
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Annomayun — TIpoBeneHbl SKCIIEPUMEHTHI 10 MPUMEHEHHIO
MaTeMaTHYECKIX METOJI0B 00paboTKH CIIEKTPOB
KOMOMHALIMOHHOTO PACCesSHHS Ul CPAaBHUTENBHOTO aHAIM3a
cocraBa OmomaTtepuasoB U OpedomartpukcoB. B kauectBe
OCHOBHBIX MaTEeMaTHYECKHX METOJOB 00pabOTKH CHEKTPOB
KOMOMHALMOHHOTO ~ PacCessHUSl HCCIEIyeMbIX OHOMaTepHaloB
OBUIM WCHOJNB30BaHbl JIMHEHHBI IUCKPUMHHAHTHBIA aHAIN3,
ROC-ananu3. BbUIo yCTaHOBIEHO, HYTO JAEeMHUHEPATH30BAHHBIC
OnoMatepuaibl M3 IOBEHWIBHOTO JAEHTHHA OO0JIaJaloT MEHbIIeH
AQHTUTEHHOCTBIO M0 CPAaBHEHUIO ¢ OpedoMaTpuKCcaMH.

Kniouesvle cnosa — Pamanoséckas cnekmpocKonus,
JIUHEUHbLl  OUCKPDUMUHAHMHBIL — AHAU3, ROC-ananus,
YYeCMEUmMeIbHOCHb, cneyuguunocms, MoOeinb,

Ouomamepuansl, 0eMUuHepaIU3aAYUsL, OPePhOMAmpucKcol

1. BBEJEHHUE

MaremaTHdyeckue MeTobl 00pabOTKH HAIUTH IIHPOKOE
pacnpocTpaHeHHe B OMOMETUIIMHCKHMX  3amadax  [1].
MaTremMaTHYeCKU  aHAJIM3, BKJIIOYAIONMIMHA  HECKOJILKO
MaTeMaTHYECKUX CIIOCOO0B OOpPabOTKM CUTHAJIOB SIBISIETCS
paACIIMPEHHBIM METOJIOM aHajJdH3a W TIO03BOJLIET IMOJIYYHTH
IeTanbHyl0 HMHPOPMALMIO O COCTaBE M CTPYKType
HCCIIeyeMbIX 0M000BeKTOB. OJHIM W3 PacIpOCTPaHEHHBIX
MaTeMaTHYEeCKUX  METOJ0B  SBISIETCS  CTATUCTUYECKUM
aHaIN3, KOTOPBIA SBISIETCS OJHUM W3 OCHOBOIIOJATAFOIINX
pas/esioB J0Ka3aTebHON MeAUIUHEL [2]. JlOTONHUTETbHBIM
crocoboM Marematndeckoil onenku sBisercss ROC-ananus,
KOTOpPBI IMOKA3bIBAET 3aBHCUMOCTh KOJIMYECTBA BEPHO
KJIacCU(UIMPOBAHHBIX  TOJIOKUTEIBHBIX ~ HCXOHOB  OT
KOJINYECTBA HEBEPHO KIacCU(UIMPOBAHHBIX
OTPHUILIATEIFHBIX UCXOIOB.

Tak ogHONM M3 BaXHBIX NPUKIAAHBIX 33734 IO
INPUMEHEHUIO0  JaHHBIX  METOJOB  SBIAETCS  OLIEHKA
O6nomarepuanoB. JTO CBA3aHO C TE€M, YTO IPHU NPUMEHECHUH
KOCTHBIX  aJUIOTPAHCIUIAHTATOB  BBICOKA  BEPOSITHOCTh
MMMYHOI'€HHOTO OTBE€Ta, CYLIECTBYIOT PHCKH IepeAadu
nH}eKMid, YTO TPUBOANT K OrPAaHUYCHHOCTH HX
ucnoap3oBaHus. KoHLeHTpanus npuMecell MUHEpPaIbHOM
COCTaBIISAIOUIE KOCTHOM TKaHM OKa3blBa€T 3HAUUTEIIBHOE
BIHMSHHE Ha OHOJOTMYECKHE, MEXaHMUECKHE M ONTHYECKHE
cBoiictaa [3].

PacmnpeHHe NCTOYHUKOB HOHy‘IGHI/Iﬂ AJIJIOTCHHBIX
MaTepuasoB SBISETCS YPE3BbIYAMHO BaXXHOW U aKTyalbHOM
3aJ1aucii.
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Hu3kasi aHTUT€HHOCTh M BBICOKHE OCTEOWHIYKTHBHBIC
CBOWCTBa OOYCIIaBIMBAalOT NpUMEHEHHEe OpedkocTH B

KauecTBe IUIACTUYECKOTO MaTepHaia. KoctHbrit
OpedomaTpukc  mocie  AEMHMHEpANHM3ALMH  COXPAHSET
3IACTUYHOCTb, YTO  MO3BOJIIET  OOJNET4UTh  IpoLEece

MOJICITIPOBAaHMS TpAaHCIUIaHTaTa [4].

OpHako, B Hacrosiiee BpeMs, OpeoMaTpUKCHl He
M3TOTaBIMBAOTCI B Poccuw, B CBA3M C W3MEHEHHEM
Poccuiickoro 3aKOHO/IAaTENNbCTBA (ITpuxas

Mumnzapascornpazsutus PO ot 03.12.2007 N 736 (pexm. ot

27.12.2011) "OO yTBepKICHUHM NEPEYHS MEIUINHCKUX
TIOKa3aHNH TSt HCKYCCTBEHHOTO NpEpPBIBaHUS
O6epemenHoctu"  (3apeructpupoBaHo B Muniocte PD

25.12.2007 N 10807)), corimacHO KOTOpOMY NpephIBaHHE
OepeMeHHOCTH He TPOBOJMTCS Ha MO3JHMX cpokax (18-24
HeJeNny) TecTalMu IUIoa, a TPOBOAMTCS CTPOTO IO
MEIUIMHCKAM MOKa3aHHUSIM.

Amnanorom OpedoMaTpukcy B KadecTBE TPaHCIUIAHTATA,
MOTYT CIYyXXHUTh JEMHUHEpPAIN30BAHHBIC IOBEHWJIBHBIE 3yOBI

I 6pedoxocTb u3 YTHIN3UPOBAHHBIX
MOCTIEOTIEPAIMOHHBIX ~ T00AaBOYHBIX MaNbleB JeTeH ¢
NONMAAKTHINEH, cojepkame  OOJbIIOE  KOJMYECTBO

CTPYKTYPHBIX OEJIKOB aHAJOTMYHBIX KOCTHOW TKaHU U
OpedomaTpukcy.

HOBTOMy, HEJBI0 UCCICN0BAHUA SABJIAJIOCH IMPOBECIACHUC
pPaCcHIMp€HHOTO CPAaBHUTCIBHOI'O CICKTPAJIBHOTO aHalin3a

Pa3IMYHbIX OrnomarepuaioB c MIPUMEHEHNEM
MaTeMaTHYECKUX METOZ0B 00paboTKH.
2. MATEPUAJIBI U METO/IbI
MarepranaMn ~ WCCIEAOBaHMS  SBISUINCH  OOpasIlbl
IOBEHWIIBHOTO JICHTHHA, Ope()OKOCTh M3 YTHIM3MPOBAHHBIX
MOCJICONEPALMOHHBIX ~ JI00aBOYHBIX TNalbLEB JeTell ¢

MONHUIAKTIIINEH M OpedoMaTpUKC dYesloBeKa TyO4YaThldi U
KOpTHKaIBHBIA. Mccnemxyemble oOpasubl mozpeneHsl Ha 4
rpymmsl: | — roBeHmnbHeId geHTHH (32 cmektpa KP), II —
YTWIN3UPOBAHHBIE  IIOCIIEONEPAlMOHHBIE  J100aBOYHbIE
HMaybIBl JleTeld ¢ monmupaktinued (23 cmekrpa), I —
OpedomaTpuKkc  JEMHUHEPAIM30BAaHHBIA  TyOuaTbli (42
crektpoB), IV— OpedomaTpukc aeMUHEPaTH30BAHHBIN
KOPTHKIBHBIH (70 crieKTpoB).

IIponecc memMuHEpaIM3aluy OCYIIECTBIISUICS B pacTBOpe
coyisiHOM KkucnoTel 1o TexHonoruu «JIMOIUJIACT» [TVY-
9398-001-01963143-2004].
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UccnenoBanus NpoBOAWINCH B COOTBETCTBUU  C
XeIbCUHKCKOW —JIeKapalueii, TpOTOKoJ ObLT  0J00peH
Komuretom mno »stuke (Bblmucka u3 mporokosa Ne210

3aceqaHns KOMHTETA 110 OHMODTHKE Camapckoro
TOCYJapCTBEHHOTO  MEJUIIMHCKOTO  YHHUBEPCHTETa  OT
17.08.2020 1.).

HccnenoBanust 00pa3noB OCYLIECTBIISUINCH C MOMOIIBIO
MeTona crekrpockornun KP (KOMOMHAIIMOHHOTO paccestHus)
Ha CTEeHJE, BKIIOYAIOIIET0 ITOJYNPOBOJHHUKOBBIA Ja3ep
LML-785.0RB-04, cosmerennsrii ¢ nmpoorukom RPB-785,
crektpomerp Sharmrock SR-303i ¢ uHTerpHpoBaHHOM
oxjaxnaemoii mudposori kamepoit ANDOR DV-420A-OE
[6,7].

O06paboTKa CIEKTPOB U aHAN3 METOIOM JIOTHCTHIECKON
perpeccud  IPOBOAMINUCH B IPOTPaMMHOM  MaKeTe
Mathematica 12. JloronHATENBHO GBUT IPOBEAEH JIMHEHHBIH
JUCKPUMHUHAHTHBIA aHAIU3 IIPOBOAMICS B nporpamme IBM
SPSS Statistics. [7].

3. BEIBO/IbI

B pesynbrate JIMHEHHOr0 JUCKPUMUHAHTHOIO aHaIM3a
COCTaBJieHa AMCKpPUMHUHALIMOHHAs MOJENb Ha ocHoBe 140
CIIEKTPOB KP. Paccunrannas TOYHOCTh
JUCKPUMHUHMpYIOLIEH Monenu coctaBwia 67,9 %, drto
TOBOPUT 00 YJIOBJIIETBOPUTEIBHOM CTENEHU CXOJACTBA IO
CIIEKTPAJIbBHOMY COCTaBY MEXIY TIpyNIaMU HCCIEAYyEMBIX
00pasios

PazpabotaHHbIi AJITOPUTM BepUpUIIPOBaHNS
OuoMarepuasoB CXOXHX € OpedomaTprKcOM MO3BOJIHT
OCYWIECTBISITE  BBHIOOp  OHMOMAaTepHanoB C  IMO3HIMH
pEereHepaTuBHON MeIuIMHBI. TOYHOCTH MOJEIM Ha OCHOBE
JIOTHCTUYECKON perpeccun coctaBuna 85,7 %.

PaccunranHas CrenuUIHOCTH pa3paboTaHHOTO
anroputMa ¢ nomoinso ROC ananuza cocrasmia ot 90-99%
B 3aBHCHMOCTH OT OIPEIEISEMOM TPYIIIIBL.

B pabore ycraHOBICHO, 4YTO IOBCHWJIBHBIH IEHTHH
o0najaeT MEHbIIeH AaHTUTCHHOCTHIO 10 CPAaBHEHHWIO C
MarepuajaMd M3 OpeoKOCTH, O HYEeM CBUJACTEILCTBYET
yBeJIMYeHHe MHTEHCUBHOCTH JuHui 1396 cm? (vs COO-
(IgG)) u 1526 cm? (IgG). Buomatepuanbl U3 OBEHHIIBHBIX
3y0OB TaKke comepiKar OOJbIIee KOJINISCTBO OPTaHMIECKIX
BEILECTB, YTO OOYCIaBIMBAaeT MX NPUMEHEHHE B KayecTBe
TPAHCIUIAHTATOB.

JINTEPATYPA

[1] Mukhin, S. Application of hemodynamic modeling for solution of
related physiological problems / S. Mukhin, M. Abakumov, A.
Borzov, A. Dreval, A. Mozokhina, N. Sosnhin // CMBE 2015
Proceedings. — 2015. —P. 52-53. DOI: ISSN 2227-3085, ISSN 2227-
9385

[2] Cepruenko, B.M. Maremarnyeckasi CTaTHCTHKA B KIMHHYECKUX
uccienoBanusix / B.U. Cepruenko, U.b. boumapesa. — M..I'D0TAP
Memumuna. - 2006. — 304 c.

[3] UYympysos, K.O. PaszpaGorka MeToia MOIydYEHUsI HAHOCTPYKTYPHBIX
cepuuecKux MIOPOIIKOBEIX MaTepHaJoB Ha OCHOBE
THAPOKCUIIANIATUTA C PEryaupyeMbiMH (ha3oBBIM COCTABOM H
nokazaresiM JucnepcHoctd / K.O. Uynpynos. — Jluccepranus Ha
COHCKaHHE YYEHOW CTeNeHH KaHIuAaTa TEeXHHYECKUX HayK —
Mocksa, 2020. — 137 c.

[4] Samsonov, V.E. The use of demineralized bone brefomatrix in the
treatment of peri-root cysts and cystogranulomas of the jaws on an
outpatient basis / V.E. Samsonov, L.T. Volova, M.V. Vasiliev //
Kazan medical journal. - 1993. - Vol. 74(4) - P. 294-296. DOI:
10.17816/kazmj71450

[5] Timchenko, P.E. Raman spectroscopy method for the evaluation of
bone bioimplants made using the «Lyoplast» technology from
cadaveric and in vivo resected bone tissue / P.E. Timchenko, E.V.
Timchenko, L.T. Volova, D.A. Dolgushkin, V.V. Boltovskaya, O.O.
Frolov// Journal of Physics: Conference Series. — 2018. — Vol.
1038(1). DOI:10.1088/1742-6596/1038/1/012090.

[6] Timchenko, E.V. Optical Methods for Periodontitis Early Rapid
Diagnosis / E.V. Timchenko, P.E. Timchenko, O.O. Frolov, E.F.
Yagofarova, K.B. Chernyy-Tkach, M.A. Zybin, G.G. Dolgushov //
Electrical Engineering and Photonics (EExPolytech). — 2019. - P.
298-300 DOI: 10.1109/EExPolytech.2019.8906802

060222



IX MexmyHapoanas KoHdepeHnus 1 MoIoaéKHas mkona « HdopMarronHbie TeXHOIOTHH U HaHoTexHomorum» (U THT-2023)

Cexkuust 6. THGOpMaLIMOHHBIC TEXHOIOTHH B OHOMEIUIIIHE

Ocobennoctu npumeHenus: Mmeroga eSCCO mus
AUAarHOCTUKU COCTOSHUS YeJIOBEKa
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Annomayua—QO00CHOBAHA HEO00XOAMMOCTL PACIIMPEHH
npumeHennsi Merona eSCCO nas ompeaesieHHsl COCTOSTHUS
310pOBBsSI YeJIOBeKa, OCO0EHHO ecaM OH HAXOAUTCH B
KPUTHYECKOM M OJM3KOM K HeMy cocTosiHMIO. B 3TOM ciryuae
BAa)KHO MOJYYHTh Heo0X0AuMyKw HHpopManui 3a 0oJiee
KOPOTKHI HNPOMEKYTOK BpEeMEHH, 4YeM C HCIO0JIb30BaHHEM
APYrHX METO/0B. YCTAHOBJIEHbI OCOOEHHOCTH IPUMEHEHMs
meroga eSCCO pisi ompelesieHHsl COCTOSIHUSI 4YeliOBeKa B
Pa3IUYHBIX CHTYAUMSIX 10 M3MEHEHHIO CePIAEeYHOro BbIOpoOCa.
IpeacraBieHbl  NpUMEPbl  PErHCTPAUUH  PA3IMYHBIX
MapaMeTpoB /LISl pacyeTa cepaevYHoro BHIOPoca Mo TeXHOJOTUI
esSCCO m HIKcnepuMEHTAJIbHBIE JaHHbIE 00 W3MEHEeHUH
cep/IevHOro BLIOpOca BO BpeMeHH.

Knrwueevle cnoea— cocmosanue yenoeeKka, cep@elmo-
cocyoucmasn cucmema, CcepoeuHbvlil  6bIOPOC, napamempul
HCU3HEOeAMEIbHOCIU.

1. BBEJIEHUE

B Hamm nHM cymiecTByeT OOJbLIOE YHCIO (HaKTOPOB,
KOTOpBIE BJIMAIOT Ha COCTOsIHME denoBeka. CocTosHHUe
30pOBbsSI 4YEJIOBEKAa B MPOIECCe XXHU3HH, B OCHOBHOM,
yxynmaercs. Iloatomy, 49roObl 3aMemIUTh  IpoIEece
YXY[OIIEHUS] COCTOSHUSL JIIOAM HCTIONB3YIOT pPa3lINdHbIC
cpencTaa u yekapcrBa. UToOs1 yoeruTses B 3¢ (EeKTHBHOCTH
WX TPUMEHEHHS HEO0OXOAMM OBICTPBIA W AEUCTBYIOLTHMA
KOHTPOJIb ~ COCTOSIHMSA ~ CBOETO  370poBbsi.  OcoOeHHO
MIOBBIIIIEHHOE BHUMAHHE YJEJSACTCS METOJaM JKCIIpecc-
nquarHoctuk [1]. Cpexn HuX HamGosiee BOCTPeOOBaH METOJ
9KCIPECC-AUATHOCTUKU COCTOSHUSL CEPJEUHO-COCYAUCTON
CHUCTEMBI, TaK Kak 3a00JIeBaHHsI TaKUX Ba)KHBIX OPTaHOB
HamOosee pacnpocTpaHeHbl. Kpome Toro, 3aborneBaHus u
MOBPEXJCHNUS CEPACYHO-COCYINCTON CHCTEMBI OKa3bIBAaeT
CyIIECTBEHHOE BIHMSHHE Ha JApPYTHe OpTaHbBl YeJIOBEKa.
Cpenn 3THX METOA0B HauOOJbIlee MPUMEHEHHE TOITYIHIH
9KCIPEecC-TUarHOCTHKA Ha OCHOBE aHam3a
3JIEKTPOKapAHOTrPaMMBI (OKT), 3XOKApAUOrpaMMma,
cytounblid MoHuTOpHHT 1 MeTo eSCCO [2]. CpaBHuBas 3TH
METOJbI, MOXHO OTMETHUTb, UTO CYTOYHBIA MOHUTOPHHT
3aHUMAaeT MHOTO BPEMEHM M OIPAHUYMBAET HEKOTOPHIE
JICWCTBHS 4YEJIOBEKa B TEYCHHWE JHA NPH HPOBEACHUH
JTAHHOTO ~ HCCJICZIOBAHUS, HO  IIO3BOJISET  BBISIBIISTH
HapyIIeHHUs CEpACYHOTO PUTMA U OIICHWBATh MX 4acToTy. C
nomotisio OKI' hukcupyroTcs dJeKTpudecKre MOTEHITATBI
BO BCEX CEpIACYHBIX OTAEIOB, a TaKkKe OCOOEHHOCTH
MIPOXOX/ICHNS HMITYJIECOB TI0 IPOBOJSIICH CHCTEME CEepAla.
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Oxokapanorpadus ¢ IOMOIIBIO YIBTPa3ByKa BPOKICHHBIC
WK IpHOOPETEHHBIE TIOPOKU CEPIIa, TPOMOBI U Pa3InIHEIC
MTOBPEXKICHUS KJIAITaHOB. Oxokapauorpadus u
JNeKTpoKapauorpaduss IMO3BOJIIOT — TOJNyYaTh  JTAHHEBIE
TOIBKO B COCTOSHUH TIOKOS WJIM B KOPOTKOM BPEMEHHOM
npoMexxyTke. [Ipu HeOONBIIOM MepeMeIIeHHH TaTYHKOB
WK TIOSIBIGHHH KaKHUX-TO IIOMEX HCCIEJOBAaHHE MOXKET

craTb  HekoppekTHeiM. Meroq  eSCCO  (estimated
Continuous Cardiac Output — pacdeTHoe HempepbIBHOE
U3MEPEHHE CEepACYHOr0  BBIOpOca) oOmagaeT  psaoM

0COOCHHOCTEH, KOTOPhIC OTIMYAIOT €r0 OT PACCMOTPEHHBIX
MeToZ0B. Ero HCHoip30BaHHE IIO3BOJIIET IMIPOIIE M
KavyeCTBEHHee y3HATh HYXHYIO uHpopmarmoo. Kpome Toro,
MPEUMYIIECTBOM MeToaa esCCO SIBIISIETCS
MAaJIOWHBAa3UBHOCTh U JOCTYIHOCTh B Pa3JIMYHBIX ACMEKTaX
MEJIUIIMHBI, TAKUX KaK aHEeCTE3HOJIOTHS, PeaHHMATOJOTHS,
XUPYprust ¥ T.J. JlaHHbBIH METOJ MO3BOJIAET 3a MEHbIIEe
KOJIMYECTBO PA3JIUYHBIX MAHUIYJISAIUAN TOJyduTh OoJjee

noapobueie  nmanHele. B eSCCO  oxHOBpeMEHHO
ucnone3ytotes ekTpoas IKI™ i myabcokcHMeTpUIecKui
JaTYuK (COBMCLHEHI)I HCCKOJIBKO Ppa3HbIX MCTOIOB

uccrenoBanusi). K ToMy jxe, mpoBelneHHE W3MEpEHHI Ha
pa3HbIX Mpudopax B OJHO M TO ke BpeMsl MO3BOJIET Oosiee
TOYHO 3aMETUTh W3MEHEHUS B COCTOSHHM 3/I0POBBS
yenoBeka. Mcronp3oBanne texnonornu €SCCO mosblmaer
Ka4eCTBO MOHHTOPHHIA TeMOAWHAMHYECKHX MOKa3aTenei
BO BpEMsl JICUEHHs JII0OOH WHTEHCHBHOCTH: HE TOJBKO BO
BpEMS CEpbE3HBIX XHPYPrHYECKHX OIepanuii, HO TaKkke U
IIPU NMPOBEJEHUU MEHEE PUCKOBAHHBIX MPOLERYP, KOTOPLIE,
OJTHaKO, BCE € MOTYT NPHUBECTH K OCIOXKHEHHUSIM C TOUKH
3peHHsI FeMOINHAMHUKH.

2. OCOBEHHOCTHU UCTIOJIL30BAHMS METOA ESCCO

Oco0eHHO HEOOXOIMMO OTMETHTh, YTO COBCEM HEJIaBHO
M3MEpeHne CepAeYHOro BhIOpoca TpeboBallo KaTeTepu3alni
JETOYHOW  apTepu. ITO OBUIO  JIOCTYMHO  TOJBKO
kapauonoram. Paspaborka meroma eSCCO mo3Bonmia
M3MeHUTh 3Ty curyanuio. [lo cyru meron esCCO — sro
pacueTHBI HenpephIBHBIA cepaedHbli  BbIOpoc [2, 3],
BBIYHCIISIEMBII HA OCHOBE I1apaMeTPOB )KU3HEESTEIEHOCTH.
Jlnist momy4eHus 3TOro mapamerpa HeoOXOAUMBI SJIEKTPOIbI
OKI, mnanbueBoir patumk SpO; u wmamxera HUAJL
(HeWHBa3MBHOE M3MEPEHHE apTEPHANBLHOTO JABJICHHUS), UTO
UCKIIIOYMIJIO TIPSIMOM KOHTAKT C BHYTPEHHHMH OpTaHaMu
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yemoBeka. CymecTByer aBa Ttuma kamubposku eSCCO:
MHUHHMAIPHO WHBA3WBHAs KaIHOPOBKA W HEHHBa3HBHAs
KamubpoBka. B Hamiem  ciydae  WCIIONB3yeTCS
HEWHBa3WBHBIH THUN  KamuOpoBkH. [l W3MepeHwWid
npuMensiercss npukposatHeiii  MommTop Nihon  Kohden
Vismo PVM-2703 (Puc. 1), B KOTOpOM pearn3oBaHa JaHHas
METO/IHKA.

Puc. 1. Monurop mpukposarseii Nihon Kohden Vismo PVM-2703(c
esCCO)

B kauecTBe mpuMepa M3MEpeHUs IS peall3aliy
merona eSCCO mpencraBieHa  (HOTOIIETH3MOTpaMMa
(®IIT). B ntaHHOM METOE C TOMONIBIO MATBIEBOTO aTIHKA
npoucxoaut cHsatue PIII'-curnana. doromnetTuzamMorpamma,
cHUMaeMasi ¢ (OTONpPUEMHMKA, PETUCTPUPYETCA B
HMITYJIbCHOM PEXHIME.

Tewn

Puc. 2. Dmopsl curHanos nasepusix auoi0B (I u I;p) AByX mivH BONH U
ToKa (oronpueMHuKa Ipyy

CHavana BKJIIOUaeTCs TEpBBIN nasepHbI muon (JI),
pETUCTPUPYETCST  CHUTHAI ¢ (OTOAMOMAA, 3aTeM  OH
BBIKJIIOYAETCS W  BBLAEPKMBAETCS Iay3a, IOCIE 4Yero
BKJIFOYAETCS] BTOPOM JIa3€PHBIM MO/, ONSTh PETUCTPUPYETCS
curHanr ¢ ¢orommona u JIJ| Bemtrouwaercs. [Ipomecc
nmoBropsiercs. M3 Puc. 2: 1 — ¢pponT curnana Toka uepes JI/I,
2 — WHTepBaJ yCpeOHEHHS (OTOIICTH3MOTPaMMBI, 3 —
MHTEpBaJI ycpeaHeHus: GpoHOBOM 3acBeTkH, I 1 — TOK uepe3
nepeiii JIJI, I — Tox uepe3 Bropoit JIJI, lphp — TOK
dboToauona, Ts — mepuo AUCKPETU3AINH TUIETH3MOTPAMMBI,
paBer 125 mkc, Tp — JUIMTEIBHOCTH HMMITYJIbCA 3aCBETKH,
paBeH 25 MKC, Tp — IIMTENBHOCTH IATOW YacTH MMITyJIbca
3aCBETKH, PABEH 5 MKC.

VIMIyIbCHBIH CHUTHAN TOJTydYaeMbI Ha (hOTOTNPHEMHOM
yCTpOHCTBE HEoOX0oaMMO NpeoOpa3oBaTh TakMM 00pasoM,
9TOOBI ~ y4eCThb YYacCTKH, Ha KOTOPBIX IPOUCXOIAT
MEPEXOAHbIE MPOLIECCHl, a 3aTeéM BBIAECIUTH IOJE3HBII

curHan. BenuuuHa MOJE3HOTO CHTHANA OyIET M3MEHSATHCS
OpsSIMO  TIPOTIOPLIMOHAIILHO ~ KOJIMYECTBY — PacCcerBaeMOro
M3JIydeHUs, a 3HAYUT, KOJMYECTBY TIeMOIJIOOMHA U
OKCHUTEMOTJIO0MHa B KPOBHM, H3MEHEHHE  KOTOPBIX
MPOUCXOIUT MO]] BO3ICHCTBUEM MMYJIHCOBBIX BOJIH.

Jns mpumepa Ha Puc. 3 mpezacraBieHO H3MEHEHHE
MHHYTHOTO CEPJEYHOro BHIOpOCA, KOTOPBIH PacCUMTaH IO
texHonornn esCCO.

o
=]

CepasuHbli BeIBpoc, n/rmuH
wn

=
o
—
=
=
oo

L] £ 36 4
1, Hachl

Puc. 3. 3aBHCHMOCTh HM3MEHEHHS MHHYTHOTO CEpIAEYHOTO BEIOpOca OT
BpeMeHU

AHanu3 MOJy4eHHBIX JaHHBIX 10 CEpACYHOMY BBIOpOCY
MOKa3bIBAaCT, YTO COCTOSHHME uYelloBeKa HecTaOuinpbHO. B
OpraHM3Me HAYT MPOLECCH, KOTOPhIE M3MEHSIOTCS IO
BpEMEHH, TPHUBOASIIME K  Pa3IMUHBIM  CEpJCYHO-
COCYIMCTBIM HAapyUIEHHSAM. DTO NPUBOAWT K YBEINYCHHIO
MHHYTHOTO cepaeyHoro BbiOpoca (CB) M K CHIKEHHIO
apTepHAIBbHOTO IABICHHUS M COCYIUCTOrO CONPOTHBIICHUS.
[TosTOMy B pa3sIUUHBIX CUTYAIUSIX KeJaTeIbHO IPOBOAUTH
TaK)ke€ MOHUTOPHHT 3THX ITapaMETPOB y HAIlMECHTOB.

Heobxonumo OTMETHT, 4TO CYILIECTBEHHOU
ocoberHocThio Metoauku €SCCO sBasieTcss TO, YTO HE
TpeOyroTCsl cliennaibHbIE HABBIKM M JOIOJHHUTEIIBHbIC
JIaTYUKY IpU ITIPOBEICHUU H3MepeHuid. Merox mnpoct B
OPUMEHEHUH M MOXET HCIOJB30BAThCS CHELUAINCTAMU
Pa3NUYHBIX NpopuIeH.

3. 3AKJIIOYEHUE

[MonydyeHHbIe HAMH pE3YJIbTATH IOKa3bIBAIOT, YTO
meronuka €SCCO sBnsiercss Hambosee 3ddekTuBHON u
NPAKTHYHOW /IS TIPUMEHEHHSI B Pa3iuyHbIXx ciydasx. C eé
MOMOIIBI0 JIMATHOCTHKA COCTOSHHUSI 3IOPOBbSl UEIOBEKa
MOXeET OBbITh IpOBEJEHAa BO BpeMs JIeYeHUs JI000H
HHTCHCHBHOCTH (HE TONBKO BO BpEMsI  CEPhE3HBIX
ornepanuid), HO ¥ IpPU NPOBEICHHH MEHee PHUCKOBAaHHBIX
NpoLEayp, KOTOpble MOTYT HPHBECTH K OCJIOKHECHUSM,
HalpuMep, ¢ TOYKH 3PSHHUSI TEMOANHAMUKH.
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Human blood analysis based on silver nanoparticles
Substrate under 785 nm laser excitation
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Abstract— In recent years, the use of Raman and surface
enhanced Raman spectroscopy (SERS) for disease detection
has grown. The motives for their increased use have commonly
been attributed to their well-known benefits, such as the
creation of narrow spectral bands that are characteristic of the
molecular components present, their non-destructive method
of analysis, and the sensitivity and specificity that they can
confer. In this study, human blood samples were examined
using SERS. The obtained results demonstrate that the
proposed SERS technique is stable and has significant
potential in clinical diagnosis applications. In this study,
human blood samples were examined using SERS. The
obtained results demonstrate that the proposed SERS
technique is stable and has significant potential in clinical
diagnosis applications.

Keywords— surface-enhanced Raman spectroscopy, blood
plasma, silver nanoparticles, Raman scattering

. INTRODUCTION

Surface-enhanced Raman Scattering (SERS) spectroscopy has
been widely employed in recent years with the goal of creating
diagnostic applications. SERS is particularly appealing for the
development of point-of-care and screening tests of biological
samples, such as blood derivatives or tissues, due to its high
sensitivity, convenience of use, and increasing availability of very
affordable portable Raman devices [1-3]. Blood plasma are
biofluids that are widely utilized as diagnostic samples as they are
rich in biochemical and biological information, are easily
accessible, and can be collected non-invasively. They are frequently
preserved in biobanks for research purposes for the same reasons. A
silver SERS substrate was created in the current study to
accomplish a simple analysis of human plasma using SERS [4]. The
purpose of this study was to create a SERS approach based on silver
nanoparticles (Ag NPs) for easy, reliable, and fast analysis of
human plasma. To assess the prospects of the proposed SERS
technique.

1. MATERIALS AND METHODS

A. Colloidal silver nanoparticles solution

Silver nitrate and trisodium citrate were used as starting
materials for the preparation of (AgNPs). The silver colloid was
prepared by using chemical reduction method. All solutions of
reacting materials were prepared in distilled water. In typical
experiment 20 ml of distilled water heated to boil. To this solution 3
mL of AgNOs of and 6 mL of trisodium citrate (NasCeHsO7) was
added. The resulting solution was heated at 95°C for 20 min until a
yellow-green solution is formed. Then the solution was removed
from the heating device and stirred until cooled to room
temperature.
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B. Samples preparation

A standardized sampling was carried out from patients of the
Samara Regional Clinical Hospital named after V.D. Seredavina.
The study included patients with stages 1-3a of chronic kidney
disease. The study protocols were approved by the ethical
committee of Samara State Medical University. All the subjects
who participated in this study gave their written informed consent at
the beginning of the study. The blood plasma samples were
collected from patients in fasting condition and placed in sealed
containers, followed by freezing at a temperature of -16 °C.
Immediately before the start of the analysis, the blood plasma
samples were defrosted at room temperature. Each blood plasma
samples were dropped in a volume of 1.5 pl and dried for 30
minutes: on aluminum foil with the layer of dried silver colloid for
SERS analysis.

C. Experimental setup and spectra collection

The experimental setup for Raman analysis of human plasma
includes a spectrometric system (EnSpectr R785, Spektr-M,
Chernogolovka, Russia) and a microscope (ADF U300, ADF,
China). Focusing the exciting radiation and collecting the scattered
radiation were implemented using 50x Objective LMPlan. The
stimulation of collected spectra was performed by the laser module
with central wavelength 785 nm. The diameter of the laser spot at
the focus on the sample surface was 5 um. The laser power was 10
mW for the SERS technique. Exposure time was 4 seconds for
SERS. Raw spectra were processed by carrying baseline correction
and smoothing to remove noise and fluorescence background. Prior
to analysis, the raw spectral data were smoothed by the Savitsky-
Golay filter. The spectral characteristics were normalized by linear
normalization (max — min).

I1. RESULTS AND DISCUSSION

The observed SERS bands were analyzed. Several of these
bands clearly stand out by the impact of SERS technique as seen in
Fig. 1. The SERS spectrum of blood showed many dominant
vibration bands, indicating a strong interaction between the silver
colloids and the blood substances. This interaction also indicated
that biochemical ingredients in the blood were closely adsorbed
onto the surfaces of the silver nanoparticles, and Raman scattering
took place in the highly localized optical fields of these structures,
which resulted in a strong enhancement in the intensity.
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Fig. 1 the preprocessed SERS spectra of the blood sample

Box plots have been used to highlight various regions of the
spectrum, as shown in Fig. 2, including specific peaks of Raman
spectra from plasma of patients with heart disease.
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Figure 2 -Box plots of specific peaks of Raman spectra from plasma of
patients with heart disease

A few of the small differences between the spectra are shown as
the box plots in Fig. 2, including (1209, 1337,1578) cm™™.

The disulfide stretching in proteins Phosphatidylserine,
glycogen and deformation vibrations of FeO2 group are identified
at 498 cm referents to (S-S). At 641-727 cm™* (C-S) L- tyrosine,
lactose, (C—H): Hypoxanthine, Phosphatidylserine, vibrations of
pyrrole, ring breathing mode tryptophan, and amide Ill. 815:
corresponded to DNA, (C—C-0) L-Serine, glutathione, amino acids
phenylalanine and tyrosine, (proteins- Tyrosine and Proline)). 1057-
1139 cm™: carbohydrates C-C (stretching), (deformation vibrations
of C-N group) Ascorbic acid, (C—H) Nucleic acid base, L-serine,
aromatic ring of Phenylalanine and tyrosine (proteins) which
corresponds to a protein amino acid, (glucose), DNA base [5,6].

AS seen in fig.2, a few of the small differences are seen in the
region of 1139-1660 cm™, which have been attributed to O-O, C-C
and C-O stretches, as well as varying concentrations of lipid, and
proline. 1200-1330: carbohydrates C-O-C , (deformation vibrations
of (N-H, C-N, C-H group), amide III (proteins), CHs, CH2 wagging
(lipids), Tyrosine (proteins), collagen and nucleic acid, lipoproteins,
but their concentrations and even absence can change because the
blood from some patients presents individual differences; some
include large amounts of proteins and lipids whereas others contain
only a large amount of glucose because the metabolites presents in
blood fundamentally depend upon the alimentation of each person.
The most important components found in healthy human blood and
their average concentrations are summarized in [7,8].

The Amide 111 band from 1220 to 1280 cm™ is based on N-H
in-plane bending vibration. the difference is associated with a
disorder in the secondary structure of the protein components
[7.8].

1577: Amide 1lI, (N-H, C-N, C-C) bending mode of
phenylalanine). differences are observed in the region 1577 cm™
due to changes in the Amide Il band is derived from N-H bending
and C-N stretching vibration in parallel or antiparallel beta sheets
from 1500 to 1577 cm™. 1656: proteins, Amide | vibration mode

relative to peptide chain (C=0) of lipids, Fatty acid. Notable
differences are observed in the region of 1659 cm due to Changes
in the shoulders of the amide | peak which usually due to changes in
the secondary structures of amide I, such as the B pleated sheet
proteins [9].

V. CONCLUSION

In this study human blood samples were examined using newly
proposed SERS technique. The obtained results indicate accuracy
and stability of the proposed SERS substrates., the proposed SERS
technique provides a capability to detect Raman bands which may
be attributed to such biochemical components as nucleic acids,
carbohydrates, lipids, etc. SERS analysis increases the possibility to
detect disease biomarkers during blood samples analysis. The
obtained results demonstrate that the proposed SERS technique is
stable, no-invasiveness with no blinking phenomenon and has
significant potential in clinical diagnosis applications
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Annomayus—IIpennoxkeH W ONMMCAaH HOBBIH MOAXOA K
aBTOMATHYeCKOMY JeTeKTHPOBAHHIO noka3sareJei
OTCPOYEHHOH HIIeMHUH T0JIOBHOTO MO3ra nocje
cy0apaxHOUAATBLHOI0 KPOBOU3JIUSHUA B JAHHBIX JJIUTEILHOTO
3JieKTpodHuedanorpapuueckoro MOHUTOPMHIA MALMUEHTOB.
OH ocHOBaH Ha aHa/JIu3e XpPeOTOB BeiiBJeT-CIIEKTPOrpaMM, B
KOTOPBIX KBaJpaT AaMILUIMTYAbI, 4acToTa M a3a cUrLajia
PaBHBI CMEKTPAJIBLHON MJIOTHOCTH MOIHOCTH, YacToTe U (ha3e
Xpe0dTa cooTBeTcTBeHHO. OTHMM M3 NOKAa3aTeJiell 0TCPOYEHHOI
HIeMHH, NMEIOIIHIi MPOrHOCTHYeCKOoe 3HAYeHNe ee Pa3BUTHS,
SIBJISIETCS KOJIHY€eCTBO coObITHIA INUIeNnTUPOPMHOI
AKTHMBHOCTH 32 eJMHHI]y BpeMeHM (Kak NPpaBWJIO, 3a 4ac).
[pennoxen W onHcaH HOBBIH CHOCO0 OOHApY:KeHUS
InuIenTHGOPMHOM AKTHMBHOCTH, OCHOBAHHBIH HA
JEeTEeKTUPOBAHUM MEKKAHAJIBHOW CHHXPOHM3alluM XpedTOB
BeliBJIeT-CNIEKTPOrpaMMm.

Kniouesvie cnosa— geiigiem aHauus, OMCpPOYEeHHaA
uwemus, xpeéem Beﬁeﬂem-cnekmpozpwum bl, MEMHCKAHAIbHAA
CUHXPOHU3AUUA

1. BBEJIEHUE
OtcpoueHHass WIIEMHUS TOJOBHOTO MO3Ta OOBIYHO
BO3HUKAET yepes 4-14 JHel rnocie Hayana

HETPaBMATHYECKOTO FJIM TPAaBMATHYECKOTO KPOBOM3IHMSHUS
B cybOapaxnonnansHoe (CAK) mpocTpaHCTBO TOJIOBHOTO
Mo3ra. 3ajadaMi KOHCEPBAaTUBHOIO JIEYEHHUS OOJBHBIX C
CAK sBisroTcsl  cTaOWIM3aIlisl  COCTOSIHHS — OOJIBHOTO,
npodunaktuka peuuansa CAK, npodwmiaktrka U jedeHue
COCYAUCTOT0 CHa3Ma M OTCPOYEHHOM UIIEMHH MO3ra.
VHTeHCHBHOE JIeUeHNE TMPOBOIAT B YCIOBUSIX MOHHUTOPHHTA
OCHOBHBIX IIOKa3aTelel, XapaKTepU3YIOUIUX COCTOSHUE
1epeOpPOBaCKYIAPHOH CHCTEMBI W JKM3HEHHO BaXKHBIX
¢ynkmit. [Toce moctyruieHns: 00JIBHOTO C MTOJJ03PEHUEM Ha
HeTpaBMaTudeckoe mwin TpaBMaTudeckoe CAK B otmenenue
peaHnMalnuu HEMPOXUPYPrUUeCKOro CTallMOHApa, IPOBOAST
JIeTIbHBII HEBPOJIOTUYECKUM OCMOTpP, OLEHKY TSDKECTH

cocrosiHus, kommproTepHas Tomorpadus (KT) u marautHo-
pe3onancuele (MPT) mccrnenoBanus, TpaHCKPaHHAIBHYIO H
sKCTpakpanuanbHyto pommieporpaduio (TJK) mis oneHku
BBIPAKEHHOCTH ~ AHTHOCIIa3Ma, 3JIEKTpo3HIedarorpaduio
JUIA OLIEHKU BBIPAYKCHHOCTH M3MEHEHHMH OMO3JIEKTPHUYECKOMN
AKTHBHOCTH TOJIOBHOTO MO3Ta.

DnektposHIedanorpadust (B3n) perucTpupyer
OMO3JIEKTPHUECKYIO aKTUBHOCTh TOJIOBHOTO MO3Ta, TI03TOMY
noboe  M3MeHeHHe ero  (YHKIHMOHAJIBHOTO COCTOSHHS
HEMEMJIEHHO  OTpa)kaeTcsi Ha  IOKa3aTelnsiX  KPUBBIX.
W3menenns Ha OO mpsMO CBsI3aHBI C IOKa3aTeNsIMU
o0BeMHOTO KpoBoTOoKa [1]. [Ipr3Haku (mokas3arenn) HIeMuu
TOJIOBHOTO MO3ra MposiBisitoTcst Ha O30 B peaabHOM
BpPEMEHH, UYTO JIeNlaeT 3TOT METOA HEe3aMEHHMBIM JUIs
HHTPAONEPAllUOHHOTO  MOHHUTOPHPOBAaHHS  BO  BpeMsd
orepanyii Ha OpaxuonedanbHBIX apTepusiX, U B OTJEICHUH
peaHMMallMd W HHTCHCUBHOM Tepamuu M paHHEH
JIMaTHOCTHKHU OTcpoueHHOW umemun Mo3ra nocie CAK. B
cilydyae, €cCili TIOBPEK/ICHHE TOJIOBHOTO MO3ra BCIEICTBHE
KPOBOM3IHUSHNSA NPUBENO K YTHETCHHIO OOJPCTBOBAHUS IO
KOMBI 1 KIIMHWYECKUH HEBPOJIOTMYECKHH OCMOTP 3aTpy/JHEH,
a KT TpebyioT TpaHCHIOPTHPOBKM MalMEHTa K ammapary,
HenpepblBHEIH OO MOHUTOPUHI CTaHOBUTCS OCHOBHBIM
Croco0OM JWAarHOCTHKA W TPOTHO3HPOBAHUS Pa3BUTHSA
OTCPOYEHHOHN HIIEMHU MO3ra. AIbTEPHATHBHBIM MOAXOAOM
sBisiercs: MmoHuTopuposanue T/IK. Dtor merox mo3Bomser
TOYHO JMarHOCTUPOBATh Ba3oCHa3M, OJHAKO caM (aKT
CY)KeHHs COCyAa HE BCETJa MPHBOAMT K HIIEMHH MO3Ta, a
TEXHUYECKass OCOOCHHOCTb YJBTPa3BYKOBOTO HW3MEPEHHs
CKOPOCTH KpPOBOTOKA IO3BOJISICT OMPENENATh €ro JHIIb B
OIHOI  HeOONBIIOW HE  NpEeBBINIAIONIEH  HECKOJIBKO
MHJUIAMETPOB TOYKE, B TO BPEMs KaK CIIa3M MOXET OBITh
JIOKaJIU30BaH B APYrOM MeECTe.

B maHHO# paboTe ommcaH HOBBIM MOJIXOJ K pa3paboTke
ITOPUTMOB aBTOMATHYECKOTO OOHAPYKEHHS OTCPOYCHHOM
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UIIEMHU TOJIOBHOTO Mo3ra B pesyJibTate
HETPaBMaTHYECKOTO WM TPABMAaTHYECKOTO KPOBOM3IIHMSHUA
B cy0apaxHOUJaIbHOE MPOCTPAHCTBO IOJOBHOrO Mo3ra. OH
OCHOBAaH Ha aHaJM3¢ XpeOTOB BEIBIET-CIIEKTPOB, B KOTOPHIX
IPU HEKOTOPBIX OTPaHWYEHMSX CIIEKTpajibHAs IUIOTHOCTH
MOIITHOCTH, 4acTOTa U (a3a paBHbI C HEKOTOPOH TOYHOCTHIO
KBaZpaTy aMIUIMTYHAbl, 4acTore M (aze curnama IOI
cootBercTBeHHO [2-4]. Takum oOpasoM XpeOGThI BeHBIET
CHEKTPOrpaMM  IO3BOJISIIOT ~ MPOBOAWUTH  OJAHOBPEMEHHO
aHaJIN3 JUHAMHKHU KaK aMIUIUTYIbl, TaK U 9aCTOTHI CHI'HAJIA.

2. AHAIM3 D0I

O0I' paccmarpuBaeTcsi Kak aHaJIWTHYECKUH CHUTHAN C
M3MEHSIIOIIECHCS BO BPEMEHH aMILTHTY X0 1 (asoit [2]:

S()=AS(1) exp(iDS(1)) )

HemnpepriBHoe BeiiBieT-npeodpazopanne curHaiga S(t)
MIPEJCTABICHO B BUJE!

wia,b) = [_ 5y, ," (dt 2)
1 —b
yla.b) = _?#{t )
Vial =@, &)

roe a0 u b BemiecTBeHHble umCHa, OmpeENAIOLICE
MacmTabd U caBUT. MBI UCTIONB3yeM MaTepUHCKHN BEHBIET
Mopue:

¥(e) = ﬁm (_;] exp (2mifit)
Touku xpebra fr(t) onmpenenstores cneayromum oopa3om:
Wi(t) = maxq(JW(f,1)]) (5)
fr(t) = argmax:(|W(f,t)|) 6)
AHanmz XpeOToB CIIEKTPOTpamMM BEHBIIET-

npeoOpa3oBaHUil MO3BOJIAET aHATH3UPOBATh AUHAMHKY DI
— ee aMIUTUTYAbI, CIIEKTpa U MEKKaHAJIbHON CUHXPOHU3AIUN
[4]. VYcmoBue s ompemeneHus TOCIenHeH 3amaéres
CIIeIyIOIIMM 00pa3oM:

Ifra(t) — fra(t)] <&, O]

rae fa(t), fra(t) — wacrorel B Toukax XpeOTOB B ABYX
KaHaJax, ¢ - mapaMeTp MaJOCTH.

CpaBHeHHUe XpeOTOB BEWBIET CHEKTPOrpaMM IIOKA3alo,
YTO B TIEPBbIC IHU aKTUBHOCTH B AenbTa (1-4 I'm) auamazone
BO3HHUKAET JIHIIb 3u30qudeck. C pa3BUTHEM OTCPOUCHHOM
WIIEMUH AaKTHBHOCTh B JI€NbTa JUAa30HE CTAHOBUTCS
PETYISApHOW W BBIACISIOTCS KaK OTHCIBbHBIC WKW, TaK U
TPYMIBI TUKOB JUTHTENBHOCTHIO 10 30 cexyHn (cM. puc.1).

“

Al il

Time, s

Puc. 1. BeiiBier cnekrporpamma ¢parmerta 331" Ha CebMO JI€Hb MOCIIE
orepanuu B OTBeeHUH Fp2

IIpn THOMOIIHA BBIYHUCIECHUN Me)KKaHaIbHON
CUHXPOHU3ALIUU BBISIBJIEHEI XapaKTepHbIE IS
TUIEPPUTMUIECKON aKTHBHOCTH NaTTepHBl. Habmromaercs
(dokampHOe HapylieHHe (YHKIHOHAIBHOTO  COCTOSHUS
TOJIOBHOI'O MoO3ra, OTpakaroIiee BO3HMKHOBEHHE
OTCPOUYEHHOMN HIIIEMHUU TOJOBHOTO M03ra. OHO CYIIIECTBEHHO
BEIIIIE B TIPABOM MOJYIIAPHUU MO CPABHEHUIO C aKTUBHOCTBHIO
B JIEBOM.

3. 3AKJIIOYEHUE

Ananu3 XpeOToB BeHJIeT-CIEKTPOrpaMM COYeTacT B cebe
AMIUTUTY AHBIHA u CHEKTPaIbHbIH agamuz 00T
[IpemioxkeHHBIA aNropuT™M JETCKTHPOBAHHMS MEXKaHAIBHON

CHUHXPOHM3AIUH MO3BOJIAET JIETeKTUPOBATh
snuiIenTH(OpPMHBIE  TpadUYecKue MaTTepHbBI, BKIIOYas
CriopajinuecKue SNHIENTU(OPMHBIC paspspl,
JaTepali30BaHHYl0 PUTMHYHYIO  JI€NbTa  AKTUBHOCTD,
JaTepaa30BaHHbIC MIePUOITYECKHE pas3psabl u
TCHEPAIM30BaHHBIC  MEPHONUYECKHE  pa3psiipl.  OTH
MOKa3aTeNnd BaXHBl Kak IS JWarHOCTHKH, TaKk W
MPOTHO3MPOBAHUS  Pa3BUTHS ~ OTCPOYCHHOH  WIIEMHH
TOJIOBHOTO ~ MO3ra  MOCI€  TPaBMAaTHYECKOTO  MJIH

HETPABMATHUYCCKOI'O Cy6aanHOI/II[aJ'ILHOFO KPOBOU3JIUAHUA.

BJIIATOJIAPHOCTH

HccnenoBanue BBIIIOJIHEHO 3a cueT rpaHra Poccuiickoro
HayuHoro ¢onma Ne 22-69-00102, https://rscf.ru/project/22-
69-00102/
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Cexkuust 6. THGOpMaLIMOHHBIC TEXHOIOTHH B OHOMEIUIIIHE

[IpuMeHeHnEe HEUPOHHBIX CETEM 1A
KJIaCCU(PUKALIMHU KJIETOK KPOBH IPH MaTOJIOTUH

A.A. TpyOuukoB
Camapckuil HaAYUOHATLHBIL
UCCne008amenbCKull yHugepcumen um.
akademuxa C.I1. Koponesa
Camapa, Poccus
anteii3mer@gmail.com

Annomayus— B nannoii paGore mpejacTraBjieH NOAXOH K
KiIaccupuranuu nuPpPoBbIX N300paxeHnii KJIeTOK KPOBU NPH
octpoM  auM$o06JacTHOM Jeiiko3e €  HCNOJIb30BAHHEM
CBEPTOYHBIX HeHPOHHBIX ceTeid. Tax:ke NpoBeJeH
CPABHMTEJIBHBI AHAIU3 PA3JHYHBIX APXUTEKTYP CBEPTOYHBIX
ceTeii M paccMOTPeHbI 0COOEHHOCTH PadoOThl € KJIETOYHBIMH

H300pasKeHUAMH. HcenenoBanme NpOBOIUIOCH c
HCNOJIL30BAHMEM f3bIKA nporpamMupoBanus Python wu
oudamorexu tensorflow.

Kniouesvie  cnoea—  anybokoe  obyuenue,  ocmpolii

numepobnacmubulii neiiKo3, céepmouHsle HelpoHHble cenmu

1. BBEJIEHHE

Octprrit  muMmpobmactHeiit  neiikoz  (OJUJI) —  ato
3JI0Ka4eCTBCHHOE 3a00JIeBaHHE KPOBETBOPHOH CHCTEMBI,
BBIpa)KAIOIIeeCcs] B YPE3MEPHOU BBIPAOOTKE JMM(POOIACTOB
(He3penbIX JMMQOIUTOB), BXOAWT B OOMIMPHYIO TPYIITY
neiikozoB  [1].  SBmsiercss  OBICTPOMPOrPECCHUPYIOIINM
3a00J€BaHUEM, IIPU OTCYTCTBHHM COOTBETCTBYIOIIETO U
CBOEBPEMEHHOI'0 JICYEHHs] MOXKET MPUBECTH K JIETAJBHOMY
HUCXONy B TEUCHHWE HECKONbKMX MecsmeB. Oxkomo 85%
CllyyaeB pEruCTpUpYyeTCs CpeAu JeTeil M TO0JPOCTKOB
miaamme 15 et [2].

OrmnuurensHas ocobeHHOcTh OJIJI — 3TO cuiibHOE
MOp(OJOTHIECKOE  CXOACTBO  MEXAYy  HOPMAIbHBIMHU
TUMQOUIHBIMEA KIeTKaMu ¥ aHomaimsimu [3]. Pamnue
METOBI JUATHOCTHUKH BKJIIOYAIN B ceOs MOp(hoIormuecKoe
HCCIIC/IOBAHAE MAa3KOB TMepH(PEPUUSCKON KPOBH, OJHAKO
ceifuac, OCHOBHBIMH HHCTPYMEHTaMH IHATHOCTUKU CTaIH:
[IUTOTEHETHYECKOE HCCIIeI0OBaHKe, OUOTICHSI KOCTHOTO MO3Ta
u groMOanbHas nyHkuus [2]. Jlis mpoBeleHHs Takux
nccienoBaHuid TpeOyroTCs Bpaud U JIAOOPAHTHI C BBICOKOM
KBaNM(HUKALIHCH, CIIeIHaIbHBIC YCIOBUS M 000pYIOBaHHE.
[ToaTomy Takme riccaenoBaHusI OOBITHO JTOCTYITHBI HE BCEM.

Hcnons3oBanue HeﬁpOHHLIX cereit JA€JIa€T BO3MOKHBIM

MOCTPOCHHE ABTOMATHYECKUX CHCTEM  KJACCU(pHKAIMN
mQpoBBIX M300pakeHUI KIETOK KpOBH, 03 ydacTus
9KCHepTOB.  BO3MOXHOCTH  NpPUMEHEHHS  MAalIMHHOTO

00yueHHsI LIMPOKO HCCIENYeTCsl B CMEXHBIX chepax U Mmpu
pelIeHn I KOHKPETHO 3TOH 3a1auu [4, 5].

HGHB pa6OTLI — PpaccMOTpETh 0COOEHHOCTH aHalM3a

KJIETOK KpOBM M TIPOBECTH CpaBHUTEJIbHBbIN aHanu3
pPasNMYHBIX  ApXHUTEKTYp  HEHPOHHBIX  ceTell  mpwH
kinaccuukanmy  n3o0pakeHW KieTok KkpoBu. HaGop

JIaHHBIX OB B3SIT M3 OTKPBITOTO MCTOYHUKA [6] B COCTOWT
n3 10581 dororpaduii MMMGOUTHBIX KIETOK KPOBH, CpPean
KOTOPBIX MPEJICTABJICHBI JIBa Kilacca: HOPMalbHAasl KJIeTKa U
aHomaibHas (nmumdoOnact). Dalnel UMEIOT paclIMpeHHe
.bmp u pazpemmenne 600x600.

HayuHasi HOBU3HA JaHHOTO MCCIEIOBAHUS 3aKIIOYAETCS
B TOM, 4YTO TPH TPOBEACHHH pabOTHl OBUIM yUYTCHBI

J.A. CaBenbeB
CamapcKkuii HayuoHaIbLHbIU
uccne008amenbCKull yHugepcumen uMm.
axademuxa C.I1. Koponesa
Camapa, Poccus
dmitrey.savelyev@yandex.ru

0COOCHHOCTH KJIETOUHBIX W300pa’keHW W OBbUI NpOBENCH
aHAM3 Pe3yNbTaTOB paboThl 0O0yUEHHBIX MOIEICH, 9ero He
MPOBOAMIIOCH B aHATOTMYHBIX padoTax [7].

2. KJIIACCU®UKALUS HUDOPOBBIX KJIETOYHBIX
N30BPAXXEHUN

JanHas  pabGota  pasgeneHa Ha  TpH  9Tama:
NpEeABAapUTENBHBIM  aHAadW3 W ayrMEHTalWs JaHHBIX,
o0yueHre HEWpOHHOM CETH, CpaBHEHHE pPe3yJbTaToOB U UX
aHaIIU3.

[Mpn ananmm3e MuKpockommyeckux (ororpaduii KiIeTok
CTOUT YYUTHIBATh CIEAYIOIIHE OCOOCHHOCTH:!

1) Heb6ombImmoe KOTMYECTBO JaHHBIX.

2) HecbanancupoBaHHOCTH BEIOOPKH.

3) Crierupranbie OMMOKH, BHOCHMBIC OCBEIIICHHEM.
4) [IpensapurenbHas cerMeHTAIHUS.

5) Tpebyetcs BBICOKAst kBayUKaIs JUTS
KOHCTPYUPOBAHHMS PYUHBIX IPH3HAKOB.

6) Beicokass BHyTpHKiIaccoBas BapHaTHBHOCTb U
BapHaTHUBHOCTH Cpe/ii CyOBEKTOB HCCIIEIOBaHMUS.

B wacTtHOCTH, W3 TIPHBEICHHBIX BBINIE OCOOCHHOCTEH
BUJHO IPEUMYIIECTBO HEHPOHHBIX CETEH, 110 CPABHEHHUIO C

KITaCCUYECKUMH ~ aITOPUTMaMM  MAIIMHHOTO  OOY4YeHWUs,

TpeOyIoIIe PYYHOTO BBIJICJICHUS IPU3HAKOB.
Crerupuyaple  OMMOKH  MOTYT  OBITh  BHECEHBI

OCBEIIIEHUEM B JIa0OpaToOpuu, ONTHYECKOH CHCTEMOM

MHUKpOCKOIIa M KaMepbl WIM IIPU OKpacke mpemaparta. B
aHAJIM3UPYEMbIX JaHHBIX OIIMOKH OCBEIICHUS M OKpacKu
ObUTM MUHUMH3HPOBAHBI ITyTEM HPUMEHEHHS CIICIHAILHOTO
METO/1a HOPMAJIU3ALUH [IBETOB OKPACKH.

Crneunduky maHHBIX (MHBapHMaHTHOCTh Kjacca K
BPAICHNIO N300paXKCHUS U BHECEHHIO HEOOJBIINX IIyMOB)
MOXHO HCIIOJIb30BaTh ISl MX ayrMEHTaluu (IoBopoTa Ha
CIIyJalHBI yTOJ, BHECEHHWE CIy4aWHOro Imyma). Takoi
HOJAXOJA TO3BOJUT YAaCTUYHO NPEOJONeTh H3HAYAIbHOE
OTpaHUUYEHHE, CBA3AHHOE C JIOCTYIIHOCTBIO JAHHBIX.

BaxxHo Takke Yy4YMTHIBaTh, YTO CBOMCTBA KJIETKH, B
JaCTHOCTH MOpdOJIOTHIECKHE, MOTYT CHIIBHO
BapbUpOBATHCSl Cpein CyOBEeKTOB (IALMEHTOB) HM3-332 4ETO
BR)XHO TMPaBWJIBHO pa3’eNsATh HMCXOJIHYIO BBIOOPKY Ha
o0yyarolree ¥ TECTOBOE ITOJMHOKECTBA.

B sKcrepuMeHTE y4acTBOBalIM HECKOJIBKO apXHTEKTYp
HEHpPOHHBIX  CeTeH, KOTOphle OBUIM IpeaBapUTEIHHO
oOyuensl Ha patacere ImageNet. Takxke ¢ Hyns Oblia
obyuena HeGombimass cethb SimpleNet (mpexcraBnenHas
NPOCTON TOCIIEOBATEILHOCTBIO M3 HECKOJNBKUX CJOEB). B
XO0Jle JIKCIIEpHMEHTa MoJIenu oOydamuch B Tedenue 200
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9moX. PesymbTarhl paboTBl OOYYECHHBIX MOZEICH Ha
TECTOBOU BBIOOpKE TpeIcTaBlIeHBI B TabwmIe |.

Ta6Jmua I PE3VJIbTATBI DKCIIEPUMEHTAJIbHBIX I/ICCHEZ[OBAHI/Iﬁ
Iloxa3zaTean 3pPeKTUBHOCTH
Bpews, Precision | Recall F1 AF1, %
MmC
Xception 410 08l | 08 | 079 | 12
VGG16 564 08 | 08 | 080 | 25
3
Z| ResNetls | g)q 08 | 08 | 081 | 38
Y
3 Eff'cl';é‘”\'et 790 084 | 092 | o083 | 51
P B—
EfficientNet
o 654 08 | 091 | 085 9
SimpleNet | 438 069 | 098 | 062 | -192

Jlydmme pe3ynbTaThl IOKasajda MOJEIb apXHTEKTYPHI
EfficientNetV2M, mpu »TOoM Bpems e€ pabOTHl Maio
OTJIMYaeTCsl OT APYTUX Mojelier (Oonblue cpeanero Ha 86,5
Mmc).  Apxurektypa  SimpleNet mnokazama — xynuiue
pe3ysbTaThl, 4YeM IPOAEMOHCTPUpOBAJIa HEBO3MOXHOCTb
NPUMEHEHUsI HEOONBIINX M NPUMUTUBHBIX apXUTEKTyp Ha
paccMaTpuBacMOM HaOOpE JaHHBIX.

Ha Puc. 1 rtarke mpencraBieH MpeNCTaBICHBI KapThl
3HAQUUMOCTH JUIA JBYX OOpasloB: HOPMaJbHOW KIETKH MU
aHOMannd. MOXXHO 3aMETHTh, 4YTO BHHMAaHHE MOJIEIH
pacmpeAeseHo 10 IUIOMaay KJISTKH HepaBHOMEPHO (TOYKU
3a MpeAenaMH TPaHHIbl JOIYCTUMBI, T.K. HCHOJIb30BaHHBIN
METOA  IIOCTPOCHUS  KapT  3HAYUMOCTH  JIOIyCKaeT
BO3HUKHOBeHHE HetouHocted [8]). DTo 3Haymt, uto Ha
NPUHATHE PEIICHUS MOJCNBbI0 HEKOTOPBIC YYACTKH KIICTKU
okazaju OoJbliee BIHMSHHE, COOTBETCTBEHHO HMH(OpMaIus,
NPEICTaBICHHAsT HA 3THX YYacTKaX H300paKeHHS MOXKET
0Ka3aThCsl MOJIE3HOW TPH MOCTPOCHUH CHCTEMbI MOJJICPKKH
NPUHATHS PEILCHUN

Puc. 1. Kaprsl 3Haunmoctn noctpoennsie i EfficientNetV2M

3. 3AKJIIOYEHUE

[NosiBnenne Mopenel, 0OECHEYMBAIOUINX NPHEMIIEMBIN
YpOBEHb TOYHOCTH, JacT BO3MOXHOCTh IIOCTPOCHUS
60IIBIIOTO KOJIMYIECTBA WHHOBAIIMOHHBIX CHCTEM:
JUArHOCTHYECKUX, CUCTEM IMPUHATUS PpEIICHUH WIn

MOJICP)KKU TpUHATHA pemenuii. Kpome Toro, craHer
BO3MOXKHa IIEHTpajM30BaHHas o00paboTka pe3yJbTaToB
MEIHIIUHCKOM TUarHOCTHKH, HE MPUBS3aHHAs K MECTy cOopa
aHaJIM30B.

B xonme npoBeneHHOW pabOTBI  OBUTM  BBIACIEHBI
0COOEHHOCTH aHaJH3a KJICTOYHBIX H300paykeHuH, IpOBeIeHa
ayrMEeHTallMsl JaHHBIX M HMX pa3OHeHHe Ha O0O0yYaloulyro H
TECTOBYIO BBIOOPKH C YYETOM paclpelelieHHuss CyOBEKTOB,
MPOBEAEHBI 3KCHEPUMEHTBl U MHTEPIIPETalsl Pe3yJbTaToB
paboTel 00ydeHHBIX Mojenei. Bputo ycraHoBmeHo, YTO
Jy4qllne pe3yJbTaThl Ha HCCIEeIyeMOM Habope IaHHBIX
mokazanma  apxurekrtypa  EfficientNetV2M  (3HaueHne
neneBoit metpuku F1 Ha 9% Oonbplie cpemHero cpeau
paccMaTpUBAEMbIX apXUTEKTYp, NMPU 3TOM, PA3HUNA MEXKTY
XyAIIUM ¥ Jy4lIM 3Ha4eHueM MeTpuku F1 cocraBiser
0,23).
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AHaJIN3 CTATUCTUYECKHU 3HAYMMBIX IOKA3aTeICH
114 4 TUIIOB MOBEPXHOCTHOU DM

I'. O. bonnapenko
Saint-Petersburg electrotechical
univercity ETU «LETI»
Saint-Petersburg
Olakola9@gmail.com

Annomayua—  AHAIM3  CTATHCTHYECKH  3HAYHMMBIX
nokasaTeJieit A1 4 THIIOB NOBEPXHOCTHOM
nekTpomuorpaMmmbl  (AMI') sBisieTcs BaKHOIH  4YacThbIO
uccaeaoBaHumii B o0gactu  Heiipodusuosiornu. JaHHoe

Hccie0BaHUe MpeAnoiaraeT cpapHeHne YeTbipex TUNos SMI
¢ HeJbI0 BBISIBJICHHS CTATHCTHYECKH 3HAYMMBIX Pa3JIu4Mii
Mexkay HHMH. JlIsi 3TOro MOryr ObITh HCIOJIb30BAHBI
pa3/inYHble CTATHCTHYECKHE KPHUTEPHHU, TAKHEe KAK KPUTEpPUil
@uurrepa, kputepuii MaHHa-YuTHH M T.O. Pe3yabTrarsl
aHA/M3a MOIYT NOMOYb B Jy4YlleM NOHMMAHUM Pa3IHUHii
mexkay tunmamMmu JOMIT M HX BO3MOXKHOM 3HAYeHHHM IS
JAUATHOCTHKH U JIeYeHUs Pa3juy U XHPYPruyeckoro JiedyeHus
Pa3IMYHBIX HelipoIoru4ecKux 3a601eBaHuii.

IIpn npoBegeHHH aHAIM3A CTATHCTHYECKH 3HAYHMMBbIX
noka3zarteneii a1 4 TUNoB mnoBepxHocTHOii DMI caenyer
YUHTBHIBATH Pa3jnyHble GaKTOpbl, KOTOPbIe MOTYT BJIMATH HA
pe3yJabTaThbl HCCJIeT0BaHHS. JTO MOKET OBbITH CBSI3aHO C
pa3iMuHeM B COCTaBe BBIOOPKH (HampuMep, pa3HHIA B
BO3pacTe, 1moJje, pace U T.A.), a TAK:Ke ¢ Pa3JIMYHEM B MeTOIaxX
3anucH W o0paGoTKH JaHHBIX. BajkHO Takke YYHTHIBATH

BO3MOKHbIE B3aHMoO/leiicTBUS MeXKIY Pa3IMYHBIMH
¢axTopamu.
B pesyabTaTe aHajgHM3a CTATHCTHYECKH 3HAYMMBIX

nokaszateneii musi 4 THUNoB moBepxHocTHOiT DMI' Mo:kHO
MOJIYYHTh BaKHYI0 HHPOPMALUIO 0 Pa3TUYHAX MeXKAY THIIAMH
OMI 4 uX BO3MO:KHOM 3HAYEHUU JIs1 HeHPOoPU3HOTOrHYECKUX
HMCCJIEeOBAHUI M KJIMHMYECKOH mnpakTuku. OaHako, 3TH
pe3yJabTaThl HEO0XOAMMO HHTEPNPEeTHPOBATH € Y4eTOM Bcex
BBIIIEYKA3aHHBIX  (aKTOPOB M B3auMmojeiictBuii. B
JajbHelilleM, TOJIy4YeHHble pe3yJbTaTbl MOIYT ObITh
HMCNOJIB30BaHbI 1/l Pa3pa00TKH HOBBIX METOAO0B IMATHOCTHKH
M JIeYeHHsI HelpoIoruyecKux 3a6oaeBanuii.

Knwueevie cnosa— OSMI, cucnan, cmamucmuueckue
noKazamenu, Kpumepui CIamucmu4ecKoil 3HaYUMocmu, mun,
paznuuusi.

1. BBEJIEHUE

[MoBepxHocTHas 3nexkrpomuorpadust (OMI') oTHocuTCS K
HEWHBA3MBHBIM M 0e300ii1e3HEHHBIM o0OcnenoBanusaM. OHa
MO3BOJISAET MIpOaHaIU3UPOBATH OMOAIIEKTPUIECKYIO
AaKTUBHOCTD MBIIIIL JUTI MCCIEAOBAHMS CIab0CTH, yCTalIOCTH
n napanuya. Kpome Toro, moBepxHocTHas ~OMI
WCTIONIB3YETCS JUII MOHUTOPWHTA JINIIEBLIX HEPBOB[1].

MeTon OCHOBaH Ha PETUCTPALUU OHOAIICKTPUYSCKOU
AKTUBHOCTHU MBIHII] C IIOMOIIIBIO HOBCpXHOCTHBIX
anekTpoaoB. Ero mpoctora u 6e3001€3HEHHOCTD TO3BOJISIOT
JIOCTaTOYHO OBICTPO HCCIEAOBaTh OOJBIIOE KOJIUIECTBO
MBI,

Curnanst OMI, peructpupyemsle ¢ IOBEPXHOCTH KOXKH,
BOJIM3HM COKpAILAIONIMXCS MBI, SBISIOTCS DPE3yIbTaToM
CIIOKEHUSI DIIEKTPUUECKUX MMOTEHINAIOB, BEIPAOaThIBAEMBIX
OOJIBIIM KOJIMYECTBOM JBUTATENIBHBIX €IMHHUILL.

IIpu wuccnenoBanuu noBepxHOcTHOM OMI' cHauana
HCCIIEAYIOT B COCTOSIHMM TIOKOs, 3aT€M AaHAJIHU3HUPYIOT
AKMBHOCTb BOJIEBOI'O JABUKEHUS.

ensto JTaHHOM paboTsl SIBJIICTCS IIOKCK
WHPOPMATHBHBIX CTaTUCTUYECKUX MTAHHBIX, MO3BOJITIONINX
MOCTPOUTH KJIACCH(DUKATOP, KOTOPBII MOXKET aJIcKBATHO U C
MUHUMAJIBHOM OIIMOKONM OTHeCTH BXogHoM OMI curmanm x
olHOMY U3 4 TUIIOB MOBEPXHOCTHOM OMI[3].

Tun I nosepxnocmnoii SMI”

IToxa3pIBaeT aKTUBHOCTh JBUraTEIBHOTO almapaTa IpU
€ro  MAaKCHMaJbHOM  COKpalleHWH.  MakcuMasbHas
aMIUTUTyZla 3TOTO CUTHasia MoxeT pocturath 100-200 mB.
[Ipumep OMI nepBoro Tuma noka3aH Ha pUcyHke 1

Puc. 1. IToBepxuoctHast OMI | THma

A. Tosepxnocmuas IMI muna 11

OMI' II Tuna TOKa3bIBae€T PEAKYI0 PHUTMHUYECKYIO
AKTUBHOCTD MBIIIIBL, HAXOAAMICHCS B COCTOSTHHUH ITOKOSI.
YacroTa 3TOI aKTHBHOCTH MOXKET BapbHUpPOBATHCS OT 6 10 20
', MakcumanbpHas aMIUTUTYAa MOXKeT pocturath 50-150
MKB. Ilpumep Broporo tuna OMI' nokaszaH Ha pucyHke 2.

Puc. 2. IToBepxuoctHast OMI Il Tima

b, Tun III nosepxnocmuoii OMI':
[oapazaensiercst Ha 2 moaTUNA:
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A) Ycunenue akTHBHOCTH B COCTOSIHUH TIOKOSI, IOKAa3aHO
Ha pUCYHKe 3;

Bb) Purmuyeckue paspsiipl Ipu Tpemope, MOKa3aHbl Ha
pucyske 4.

Puc. 3. PurmMuueckue pa3psiisl Ipu TpeMope

Puc. 4. YcuieHre akTHBHOCTH B COCTOSIHUN TIOKOs1, ITOKa3aHO Ha PUCYHKE 3

B. IV Tun nosepxmnocmmuoii OMI:

OMI' tuna IV xapakTtepusyercs HOJHBIM MOJYaHHEM
MBIIIIIBI, KOTJ]a OHA MIBITAETCS] COKPATUTHCSA. DTO MPUBOAUT K
TIOSIBIICHHIO M30JIMHNY, TIOKa3aHHOH Ha puc. 5.

Puc. 5. IV Tun noepxsOCTHOH OMI”

2. AHAJIN3 JAHHBIX

IMockonbpky mepBbI THO 3JEKTPOMHUOIrpaduH, Kak
MPaBWIO, OTHOCHUTCA K CIyJailHBIM CHTHajaM, Ui €ro
aHanmu3a TpeOyeTcsl B3STh JOCTATOYHO OOJBIION TMEePHOJ
BPEMEHU M U3BJIE€Yb CTATUCTUYECKUE CPEJHHE 3HAUCHMS.
OmHako 3TO JOCTATOYHO JIETKO OCYIIECTBUTh, TaK Kak
HccIe0BaHue NTPOUCXOIUT MPU HAOIIOACHNH 38 MBIIIEYHON
AKTUBHOCTBIO, a IIpHU aHAJIM3€ IOOCTATOYHO B3ATH BECH
HEePUOJ] 3TON aKTUBHOCTH.

Bo3HnKkHOBEHME  BBICOKOUACTOTHOM  aKTUBHOCTH B
MBIIILAX MApPEeTUYHbIX KOHEYHOCTEH MpHU BBINOJIHEHUHU.
IlosBIeHrEe BBICOKOYACTOTHOM aKTUBHOCTH B MBIIIIAX
NapeTUYHOH KOHEYHOCTU TMpPU  BBINOJHEHUM  BOJEBBIX
JBWKEHMM Ha 3740pOBOHl CTOPOHE IpU  IOPaKEHUU
LEHTPAJIbHOIO ABUTaTeIbHOTO HEHPOHA.

I_IJ'[H TOTO ‘ITO6BI IIOATOTOBUTH CUTHAJIBI K KaueCTBEHHOM
KiaccuuKayy, HeoOXOAUMMO CHadyana MOJIrOTOBUTH HX H
BBIICIUTH ~ OCOOCHHOCTH, KOTOpble OyayT Hambomee
OTIIMYATHCS OT JIPYTUX THIIOB CUTHAJIOB

Jnst onucanust 4 TUNOB MOBEPXHOCTHBIX OMI -HaHHBIX
BbIOEpEM CHCTEMY CTaTMCTHYECKMX IOKazaTelneil, KoTopas
MOKaXXeT Hambosee MH(GOPMATHUBHBIC MpU3HAKU. J[J1s1 3TOrO
Boctone3yeMcsi nmporpaMMHEBIM naketom MS EXCEL. Jlns
KaXJIOW 3KCIICPUMCHTAILHON BBIOOPKH HEOOXOIMMO B3STh
MOJyJIb JUTS TabHEHIIero yno0CcTBa aHaIn3a JaHHBIX.

Pacuer CTaTUCTUYCCKHI IoKa3arelie

mpezcTaBieH B Tabmmie 1,

CUrHajia

TABIHMIA 1. CTATUCTAUYECKHE ITOKA3ATEJIM CUTHAJIA.

EMG type mean Standart median Max
deviation
| 240,97 171,43 179,30 | 1338,42
I 12,61 19,52 3,00 550,00
I a) 51,51 37,74 34,63 562,89
11 b) 48,54 25,18 48,00 100,00
v 0,08 0,05 0,069 0,30
Pa3mep BbIOOpOK:
st neporo tuna OMI — 110 uzmepenui;
s Broporo tuna SMI" — 70 uzmepenuit;
st tperero tuna OMI — no 70 usmepenuii;
Jlnsa gerBeptoro Tuna OMI" — 40 u3MepeHwuii;
Kpurepuit Omurrepa (Omurrepa-dapnuara) - 3T0

CTaTUCTUYECKUI KPUTEPUM, KOTOPBIM HCIOJB3yeTCS UL
CpaBHEHHs IBYX I'€HEPalbHBIX COBOKYMHOCTEH MO OIXHOMY
WM HECKOJIBKUM Ipu3HakaM. OH IO3BOJSIET ONpEAETHTH,
CyHIECTBYET 1M CTAaTHCTUYECKas pa3HUIA MEXAy ABYMs
BBIOOPKaMH, TO €CTh, OTJIMYAIOTCS JIM OHM CTaTUCTUYECKU
3HAYUMO.

YroObl mpuMeHUTh Kputepuid daurrepa Uit cpaBHEHHS
YEeTBIpEX BBIOOPOK, MOXHO HCIIOJIb30BaTh aHATOTHYHBINA
noaxoz. Hanpumep, MOXKHO CpaBHHUTb JIBE TIAPbI BELIOOPOK IO
OTHIEIbHOCTH, HUCHOJb3yss kpurepuil @nurrepa. Ecnu
pa3HuIa Mexay o0erMH IapaMu CTaTUCTUYECKH 3HAYMMa,
TO MOYHO CHENaTh BBIBOJ, YTO PAa3sHHULA MEXIY YETBIPbMS
BBIOOPKaMH TaK)KE CTATHCTUYECKH 3HAUYMMA.

Y1oOBl  NPOBEPUTH  CTATHCTUYECKYI  3HAYMMOCTh
pa3nuuMidi MeXIy JBYMsI BBIOOpKAMH [0 KaKOMY-JHOO
NPHU3HAKY, HApUMep, MO0 MOJAE, CPEIHEMY WIH JAPYromy
CTaTUCTUYECKOMY [OKa3aTeNIo TpedyeTcs:

AnropuT™ pacuera kpurepus diurrepa:

1) Cobupaem Oanmuvie U3 08YX 8b100POK U cuUmMaem ux
cmamucmuyeckue noKa3amenu, Hanpumep, Mooy, cpeoHee
3HAueHue u m.o.

2) Buiuucnaem pasnuyy mesxcoy cmamucmuveckumu
nokasamensimu 08yx evloopox (difference).

3) Buiyucnsem oucnepcuro (variance) ons kaosicoou
8b100pKU.
4) Buiyucasiem cmanoapmnoe omknonenue (standard

deviation) 0 Kaxicooul 8bIOOPKU, UCNIOB3YS POPMYILY:

standard deviation = (variance)

5)  Buluucisem — cmaHOapmusupOGAHHYIO  PAZHUYY
(standardized difference), ucnonvsys ciedyrowyio opmyny:

standardized difference = difference /  ( (s1°2 / n1) +
(s272/n2))
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rae sl u s2 - cTaHgapTHOE OTKIIOHEHHE Ui MEPBOU U
BTOpOH BBIOOPKH COOTBETCTBEHHO, nl 1 n2 - pazMep nepBoit
U BTOPO¥ BEIOOPKU COOTBETCTBEHHO.

OnpezienuM 11 HAIIMX JAHHBIX KpUTepuit durrepa:
Fy-n= 1,86
Fy nga)-mey= 1,92

FCp -11= 1,90
Fep miga-mp= 1,94
Futax 1-n1= 1,89

Faax mea)-mey= 1,91

Ilo pe3yiibTaTaM BBIUKCIICHHI BCE KPUTEPpUH OKa3aJIMCh
CTaTUCTUYCCKHU 3HAYUMBIMH.

3. PE3YJIbTATEI

Ecmm Bce cratuctuyeckue KpUTCPpHHU, NPUMCHCHHBIC IS
CpaBHCHUA JBYX WK HECKOJIbKUX BI)I60pOK, OKa3aJInucChb
CTaTUCTHYCCKH 3HAYHUMBI, TO 3TO MOXXET CBUACTCIIECTBOBATDH

0 TOM, 4YTO MCKIY BbIGOpKaMI/I CYHICCTBYIOT CTaTUCTUYCCKU
3HAYMMBIC pas3sIndus.

(1]
(2]

(3]
(4]

(5]
(6]
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ABTOMAaTHYECKOE BBIJICJICHUE ONTUMAJIbHON 30HBI
J1a3€pHOTO BO3JCHCTBUS MO H300PAKECHUSIM
IJ1a3HOTO JIHA JJI IPOBEACHUS OIepalliM Ja3epHON
KOAryJIsILUY

H.C. lemun
Hucmumym cucmem obpabomxu
uzobpasicenuil - punuan OHUL]
«Kpucmannoepagpus u pomonuxa»
PAH
Camapckuil HaYUOHATLHBIN
UCCIe008AMENLCKULL YHUBEPCUMEN UM.
axademuxa C.I1. Koponesa
Camapa, Poccust
volfgunus@gmail.com

Annomayua—B naHHONl paGoTe MpeNJIOKEH CIOCOD
aBTOMATHYECKOr0 Bbl/leJIeHHs] ONTHMAILHOI 30HBI J1a3ePHOro
BO3eiicTBHA MO0  H300paskeHMsIM  TJa3HOTO JHA  JUIs
NpoBe/ieHUs ONepauuM Ja3epHol koaryasiuuu. [lasi pemenus
3aJa4Yd  WCHOJIB30BAINCH JBe Heiliponnnle cetn. Ilepmas
BbIIEJISVIA AHATOMHYECKHe O00BEKTHI HAa TJIa3HOM [He, a
BTOpasi 30Hy oréka. Pesyabrar dopmupoBajica u3 odjaactu
OTéKAa € YYeTOM pACNOJ0KeHUsI Ha Hell aHATOMHYeCKHX
00BbEKTOB.

Knrwouesvie cnoea— nonnoceepmounvie HeiipoHHble cemu,
U300padcenus 2na3H020 OHA, MAKYIAPHBLIL OMEK, na3zepHas
Koazynayust

1. BBEJEHHUE

Caxapublii nmaber  sBIAETCS  PAaCHpPOCTPAHEHHBIM
SHIOKPHUHHBIM 3a00JIeBaHMEM, BO3JCHCTBYIOIIMM Ha BCE
opraHsl yenoBeka. Co CTOPOHBI 3pUTENFHOTO armapara 3To
MPOSIBIIsieTCsE B BHE Auabetnueckoii perunonaruu (JIP) [1].
Cerognst B Mupe HacuuThiBaeTcs ot 400 MIH OOIBHBIX
CJIl, a x 2035 1. oxugaercs yBeIMYEHUE YUCICHHOCTH JO
592 mmH wenoBek. Hambomee omacHbIM mposiBieHuem [P
SIBIISIETCSL MakKyJSIpHbIA OTEK. CTEHKU COCYZOB CETYATKU
WCTOHYAIOTCSI W TIPOMCXOAWUT KPOBOM3IHMSHHUS B 00JIacTh
CeTYaTKH, NPUBOJALIME K YaCTUYHOM WIM IOJIHOM moTepe
3penns. [lo marapiM Wisconsin Epidemiological Study of
Diabetic Retinopathy (WESDR), npu panurensHoCTH
3aboneanus CJ] Gomee 20 jeT peTHHONATHUS BEISBISICTCS B
80-100% cayuaes, npu stom JIMO pasBuBaercs B 29%
ciyvaes [2].

Hns nedyenust JIP ucnonw3yeTcss nazepHas KOaryJisiius,
Ipd  KOTOPOW  OMNpeNeNeHHblE  yYacTKH  CETYATKH
MTO/IBEPTaAIOTCS MOBPEXKICHUIO Jazepom TSt
[IpeIOTBPALIEHUs] MaKyJSIpHOro oTteka. Ha MUpoBOM pbIHKe
COBpEMEHHbBIE CHCTEMBI JICYCHUS JIna0eTUUECKOU
peTUHONATHH HE 00ecrneunBaoT JIOCTATOYHOM
3¢ hekTHBHOCTH Na3epHON KOaryJslud, 4TOOBI OIBITHBIE
BpauM MpPENNoYuTald He PYYHOE HaBEJCHHUE JIa3epoM, a

npeABapuTeNbHO  (GOPMHUPYEMbIH  IUIAH  KOAryJisiluu.
HawnGonee COBpEMEHHasI YCTaHOBKa NAVILAS,
paspaboTtaHHast repMaHCKOM KOMIIaHUEH ODQS,

obecrieunBaeT aBTOMATHYECKOE HABEACHHE JIA3epOM IO
c(OPMHUPOBAHHOMY IUIaHY KOAryJsiUu, TPH 3TOM IUIaH
KOAryJsiUM CO3JaeTcs BPYYHYI0 Ha OCHOBE BBIAEICHHS
30HBI JIA36pPHOTO BO3JEHCTBUS M I'€KCaroHAJILHOTO CIIOCO0a
PACIOJIOKEHUST KOAaryiasiToB B JAaHHOW 30HE. OMNBITHBEIM

H.1O. Unescosa
Hucmumym cucmem obpabomxu
usoopasxcenuil - punuar OHUIL]

«Kpucmannoepagus u pomonuxa»
PAH
CamapcKruii HayuoHAIbLHbIU
UCCIe008AMENbCKUL YHUBEPCUMEN UM.
axademuxa C.I1. Koponesa

Camapa, Poccus

ilyasova.nata@gmail.com

P.A. ITapunrep
Camapckuil HayUoOHATbHYLI
uCcIe008amenbCKutl YHuGepcumen um.
axademuxa C.I1. Koponesa
Hnemumym cucmem obpabomxu
usobpascenuil - punuar OHHUL]
«Kpucmannoepagus u pomonuxa»
PAH
Camapa, Poccust
rusparinger@gmail.com

BpadyaM HEyHOOCH TAaKOW IOAXOA, M OHHM BO3BPAIIAIOTCS K
Gosiee cTapblM METOAMKAM JICUEHHS, K IPUMEPY HCIOIb3YIOT
obopynoBanue Valon, mojep)XuBaroIiee  MaTTEPHYIO
METOJIUKY JIa3epHOM KOaryJsuu.

Jns gopmupoBaHus IuIaHa HEOOXOJMMO OIIPEAENATH,
Kakas 30Ha MOXET MOABEprarsCca 0O0CTpely, a Takke Kakas
30Ha SBISETCSI ONTHMAIBHOM, B TOM CMBICIIE, YTO 3a CUET
UCKITIOUEHHUS obnacrei, HeleIecoo0pa3HbIX UL
BO3JICHCTBHS, CHIKAETCS KOJIMYECTBO BBICTPENIOB Jlazepa U
COOTBETCTBEHHO 3aTpaThl HUCIIOJIb3YEMOIO BELIECTBA, a
TaKKe YMEHBIIAETCS BO3JCHCTBHE HA IJIA3HOE JHO, 4TO
JIOJDKHO CIIOCOOCTBOBATH IOBBIIIEHUIO KAYECTBA JICUCHHS

2. BBIIEJIEHUE 30HbI JIASEPHOI'O BO3JIEMCTBUS

Jns  ¢dopMHupoBaHUS 30HBI JIA3€PHOTO  BO3ACHUCTBHSA
WCIIOJNB30BAINCH JIBE HeWpoHHble ceTtu. llepBas ceTh
[IO3BOJISIET  BBIAEIATH  AHATOMHMYECKHE  OOBEKTHI  Ha
M300paKEHUSX TJIA3HOTO JTHA. BTopas ceTh BBIJENAET 30HY
0TEKa TI0 H300paKEeHHUSAM TIa3HOTO JHA.

AnropuT™ AefCTBHIL:

1. C wucnonb3oBaHUMEM NEPBOIl HEHPOHHOM ceTH Ha
n300paYKEHNH BBIACTISIIOTCS. aHATOMHUYECKHE OOBEKTHI.

2. C uCcHonb30BaHHEM BTOPOM HEHWPOHHOW ceTH Ha
n300payKEHNH BBIAEIISIETCS 30Ha OTEKA.

3. 3onma oréka  KOppeKTHpyeTcss ¢  Y4€TOM
pacTlONIOKEHHBIX Ha HeE aHaTOMHYECKHX OpPHUEHTHPOB
(MackyM aHaTOMUYECKUX OPUEHTUPOB BBIYUTAIOTCSA U3 MACKU
30HBI OTEKA), TAKIM 00pa3oM IOTydaeTcs MpeaBapuTeIbHAS
MackKa 30HbI JIJA3EPHOTO BO3EHCTBUSL.

4. PesynpTupylomias Xe Macka ONTHMAajJbHOW 30HBI
JIa3epHOTr0 BO3ACUCTBUSL MOJy4aeTcs W3 NpeJBapUTEIbHOM
Macku TyTéM e€ o0paboTKm ¢  HCMOJB30BaHHEM
MOp(OTOTHIeCKUX (HYHKIIUH.

B pamkax HacTosmedi pabOTHl NPUMEHSUTUCH TaKHe
HelipoHHble ceTH, kak: Unet [3], Unet++ [4], Manet [5],
Linknet [6], FPN [7], PSPNet [8], PAN [9], Deeplabv3 [10].

Bee wucnonb3yemble apXUTEKTypbl HEMPOHHBIX —CeTei
SIBJIAIOTCS IOJTHOCBEPTOUHBIMU HEHPOHHBIMU CEeTAMH. JlaHHBIN
TUI HEUPOHHBIX CETEH JIyullle BCErO NOAXOAMT AJS PELLECHUS
3a1a4 CEMAaHTHYECKOM CErMEHTAlMM TaK KakK: YYHUTBIBAETCS
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BECh KOHTEKCT M300pa)KCHUs, CErMCHTALMS BBIMONHACTCS 32
OJIMH TIPOXOJI, XOPOIIIO U3BECTHBI M ITHUPOKO ITOYJIISIPHBL

Bce HelipoHHBIE CETH, HCIONB3yeMble B paMKax IaHHOW
paboTBI, OCHOBAaHBI Ha TPeNOOYYCHHOH HA HM300paKECHMSIX W3
Habopa manneix ImageNet cetu resnet-34 [11]. Micnonb3oBanue
npe1oOyIeHHON HEHPOHHOH ceTH 1mo3BoiIsieT OpIcTpee 00ydaTh
COOCTBEHHBIE CETH, T.K. TAKUE CETH y>K€ CIIOCOOHBI M3BIIEKaTh
OrPOMHOE YHCIIO IPH3HAKOB M3 N300payKESHHI.

3. PE3YJIbTATBI

Jl1st poBezieHHs SKCIIEPHMEHTOB MCIIONB30BANICS Habop U3
50 wm3o0pakeHWI TJIA3HOTO JIHA, Pa3MEUCHHBIX BpPAvOM-
o¢raigemonoroM. B cuimy maroro pasmepa McxofHoro Habopa
OBUTO HEOOXOIMMO CYIIECTBEHHO €ro0 pPacIMpUTh 332 CUET
NPUMEHEHUS Pa3IMYHBIX TEXHUK ayrMEHTaliH, C TOMOIIBIO
KOTOPBIX pa3Mep BBIOOPKH ObDI pacmmpeH a0 okomo 5000
m300pakeHnid. B maHHON paboTe MPUMCHSUIACH CIICAYFOIIMC
TEXHUKW ayTMEHTAMK HM300paKCHHIL: OTpaXKEHHE, MOBOPOT Ha
ciydaiinbii yroin (ot -30° 1o 30°), ciTyJaifHbIiA CBUT, 3MAaCTHYHAS
TpaHcopmarms.  [IpuMeHeHMe — ayrMeHTAMM — TIO3BOJIAET
YCIeNHO 00y4UTh HEHPOHHYIO CETh BBITIOIHSTH CEMAaHTUYECKYIO
CETMEHTAIMIO, a TakkKe OOpOThCS C TMepeoOydeHHEM CeTH TpU
WCIIOJIB30BaHNH HEOOJBIIMX HAOOPOB JJAHHBIX.

UroroBele KapThl CErMEHTallMd HEMPOHHOH  CETH
NPEACTABIAIOT COOOM  BEPOSTHOCTHOE — paclpesielieHue,
Tpebyromee mocToOpaboTkH. IlOCKONBKY MAaHHBIE KapThl
BBIJICISIFOT 00JacTh OTE€Ka WIIM TOBOpS MHaue, 00JacTh
JIa3epHOro BO3AEHCTBUs. BoznelcTBue azepoM Ha BCIO 3Ty
obmacte — WppauMoOHAIbHO W omacHo. [lostomy 1o
cooOpakeHHsSIM ~ OE30MaCHOCTH W3 JaHHOW  o0jacTu
yOuparoTcsi MecTa, COOTBETCTBYIOIIME OOBEKTaM IJIa3HOTO
JTHa — JIUCK 3pUTEIBHOTO HepBa, (hoBea, COCyabl, IKCCYNaThI
W J1a3epKoarynsaTel. Takke, OTHENbHBIM HTAllOM IOCT-
00paboTKM  SIBISIETCST  NPUMEHEHHE  MOPQOIOTHYECKUX
(YHKIUU 5pO3WU W AWJIaTallid, I 0OpaOOTKH TpaHUII
00BEKTOB BHYTPH 30HBI MAaKyJIpHOTO oTeka. KoHEeYHBIM
3TANoM NOCTOOPAOOTKH SIBISETCS] MPUMEHEHHE MEINaHHOTO
¢buIbTpa It TOrO, YTOOBI CIVIAUTh HEPOBHOCTH UTOTOBOM
Mackd. TakuMm o0pa3oM, B pe3ysbTare IOJy4aeTcsl Macka,
COOTBETCTBYIOIIAs 30HE Ja3epHOro Bo3aeicTBuA. McxoaHbiit
Ha0Op MaHHBIX OBLT pa3duT Ha TPEHHPOBOYHYIO U TECTOBYIO
BbIOOpKH B oTHOmieHmn 4 k 1. Takum ob6pasom, 40
N300paKeHNI TIIA3HOTO JHAa COCTAaBILUIM TPEHHPOBOYHYIO
BBIOOPKY, a 10 m300paskeHui TECTOBYIO.

B xome »KcmepuMEHTOB OBUIM OTOOpaHBI HETHIPE
HEHPOHHBIX CETH, HUMECIONMX HAHOOJBIIYI0 TOYHOCTh
cormacHo metpuke fl. Mmu cramm ceru: Unet, Unet++,
Linknet, PAN. JlanbHeiinme uccieaoBaHus MPOBOIMINCH C
HUMH. B Xone mccienoBannii OBUIO BBISBICHO, YTO €CITH Ha
BXOJI HEWPOHHOM CeTH ToJAaTh KpoMe H300paxeHHs
[JIA3HOTO JIHA TaKXkKe KapTy OOBEKTOB (ONTHYCCKHU JIHCK,
MaKyJia, COCYbl ¥ T.1.) — 9TO MO3BOJIUT MOBBICUTH TOYHOCTH
MOJIEIIU TIPH BBIJICIICHUH 00JIACTH OTEKA.

Jis  w300paKeHW  TIa3HOro  JIHA,  HEKOTOpbIe
HCCIICIOBATENN MPUMEHSIOT 0COOBIA BHJ NPEIBAPUTEIBLHON
00paboTKH, TIPH KOTOPOM K HCXOJHOMY H300paXKECHUIO
[JIA3HOTO JHA N00aBisieTcs (B3BEIICHHAS CyMMa) 3TO JKE
n3obpaxenne, oOpaboTaHHOe ¢ moMomplo [ayccoBa
¢mwieTpa ¢ OONBIIMM SApOM. Pe3ymbTaThl MPOBEICHHBIN
WCCIIEIOBAaHUN  TOKa3alu, 4YTO TPUMEHEHHWE  TaKoi
MpeJBapUTEIbHON O0OpabOTKM HE OKa3bIBaeT SBHOTO
MIOJIOKHUTENBHOTO 3¢ PeKTa Ha TOUHOCTh PabOThl HEMPOHHOI
cetu. J[ist Toro 9ToOBI MONYYNUTH JOCTOBEPHBIE PE3YIIHTATHI
skcnepuMmeHTa Obuta mposeneHa k-fold kpocc-panmmpmarnus.
Tak HaOop mMaHHBIX OBLT pa3zenéH Ha 5 HemepeceKaroIUXCs
TPYHIl CiIy4alHbIM oOpa3oM Tak uTto 40 wu300paxeHHH

BXOJIMJIM B TPEHUPOBOUYHYIO BHIOOPKY, a 10 M3 HUX BXOIMIH
B TecTOByI0. B Tabmmie | mpenctaBieH ycpeTHEHHBII
pe3yabTaT MPOBEICHHOTO JKCICPUMEHTA B TEPMHHAX
metpuk precision, recall, f1. JIust oleHKH KaskmoH TPYIIIIBI
Opaach nmydriast 3moxa mno Merpuke 1.

Tabnuua L. PE3VJIBTATBI KPOCC-BAJIMJALIMA
Linknet PAN Unet Unet++
precision | 0,728 0,674 | 0,648 | 0,716
recall 0,565 0,533 0,470 | 0,592
fl 0,634 0,594 0,544 | 0,647
Takum o00pazoMm, TIO TMOJYYEHHBIM pe3yjibTaram,

HanOoJIee TOYHOM MOJEIBIO OKa3zagach Unet++.

4, 3AKJIIOYEHUE
B pavkax pgaHHOH paboTel ObUT  pa3paboTaH U
UCCIENOBaH  CIOCOO0  aBTOMATHYECKOTO  BBIACICHHS
ONTHMAJbHOM  30HBI  JIA3€PHOTO  BO3JEHCTBUS 11O

N300pKCHUSAM TJIA3HOTO [HA UIA TMPOBENCHHS OIEePALIUH
JIa3epHON KOAryJIAIUK, OCHOBAaHHBIN HA MPUMEHCHHU JBYX
HEHUpOHHBIX  ceTel. B pe3ynabrare  mpoBeNEHHBIX
HCCIICIOBAHUHN OBLIO TOKa3aHO, YTO MPUMCHCHHE MOJCITH
Unet++ mgua BeIAeneHWs oOJacTH OTEKa JaeT Hamboiee
BBICOKYO TOYHOCTD OTHOCHUTEIHHO JPYTUX
paccMaTpUBaeMBIX B paMKax paOOTHI apXUTEKTYP.

BJIATOJIAPHOCTH

Pa6oTa BeInosiHeHa pu HUHAHCOBOH moaaepxke PODU
(rparT Ne 19-29-01135), MuHHCTepCTBa HAyKH M BBICIIETO
oOpasoBanusi P®D, B pamkax BBIIOJHEHUS pPabOT IO
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Annomayus— B padore NpPeICTABJICH aHAJIM3
PaMaHOBCKHX XapaKTePUCTHK MOJTHKOMIOHEHTHBIX
OpPraHHYecKUX cpel C MpHUBJeYeHHeM IJIy0oKOro o0y4yeHus,
MO3BOJIST IO I YIy4IIUTh HAeHTH(PUKALNIO

MOJIMKOMIOHEHTHBIX KOJUIOUIHBIX Cpea 3a cueT 00001eHHOI
HMHTEepHpeTANMH COBOKYIHOCTH CHEKTPAJIBHBIX NPH3HAKOB.
IIponeMoHcTpUpPOBaHA OAHOMEPHAsi CBEPTOYHAsI HelipOHHast
ceThb I PACHO3HABAHUS  INOBEPXHOCTHO-YCHJIEHHBIX
PAMAHOBCKHMX CHEKTPOB MOJHMKOMIIOHEHTHBIX KOJJIOMIHBIX
cpea. Ilpeanoiken meron HAEHTUGUKALUMH TOBEPXHOCTHO-
YCHJIEHHBIX PAaMaHOBCKHX CHEKTPAJIbHBIX O0coOeHHocTeil
MOJIMKOMIOHEHTHBIX KOJIOUIHBIX Cpejl, AaCCOHHPOBAHHBIX C
0CO0EHHOCTSIMH HX KOMIOHEHTHOI0 COCTaBa, BKJIIOYAIOLINII B
ce0s aHAIN3 paclpeeleHNs Ba)KHOCTH NepeMEeHHbIX B MO eJIN
O/IHOMEPHOIi CBepTOYHOM Hel{POHHOI ceTH.

Kniouesvie cnosa— Pamanoséckuii cnekmp, ceepmovHas
Heliponnas  cembv, HeNUHENHAs  3A8UCUMOCHb,  211Y00KOe
o0yuenue

1. BBEJIEHHE

[IpuMeHeHne MOBEPXHOCTHOTO YCHIJIEHHS Ha OCHOBE
arjaoMepaToB cQepuuecKkux dYacTHIl cepedpa I03BOJISET

YCWIUTh  pPaMaHOBCKMH  CUTHAJ  IOJMKOMIIOHEHTHOM
OpraHuyYecKoi KOJUJTOMTHOM cpelnbl u CHU3UTb
OTHOCHUTEJIbHOE  BJMSHUE  TaKUX  OIPaHUYMBAIOIINX

(bakTopoB, KaKk (OTOIIOMHHHCLCHTHBIA M (IIyOpeCHEeHTHBIH
¢doH oT oOpasma, mpuMmecell U BKJIaga IOCTOPOHHHX
HCTOYHMKOB  CIIEKTPAIBHOIO  LIyMa, YTO  yIydllaeT
MH(OPMATUBHOCTh aHAJIM3a KOMIOHEHTHBIX OCOOEHHOCTEH
opranndeckux cpex. OnHako, 3TO HE  HCKIIIOYAET
HEraTUBHOTO BIIMSIHUSL Ha HMHTEPIPETAIMIO TTOBEPXHOCTHO-
YCWIEHHBIX DPAaMaHOBCKHX CIIEKTPOB M HACHTHU(HKAIHIO
MOJMKOMIIOHEHTHBIX KOJUIOMIHBIX CPEJl TAKUX SIBICHUH Kak
MYJIbTHKOJUIMHEAPHOCTh W MHOKECTBEHHOE IIEPEKpPHITHE
CHEeKTPOB PAa3MYHBIX aHAJIWTOB, BXOJSIIMX B COCTaB
uccieayeMol cpeibl, a TakkKe BIMSHHE BO3MOXKHBIX
GuyKkTyanuii CUrHana paccesHus U CTEHNEeHH OIHOPOJHOCTH
1 cTaOMIIbHOCTH MHCTPYMEHTAIBHOMN 0a3bl.

B pabore wuccnenoBaH NOAXOZ, 3aKIIOYarOIuiics B
BBISIBJICHHH KOMIOHEHTHO-ACCOI[MMPOBAHHBIX OCOOCHHOCTEN
MOBEPXHOCTHO-YCHJICHHBIX ~PaMaHOBCKHX XapaKTEPHCTHK
KOIUIOMJHBIX cpel B auanasoHe 500-1900 cm™ B ycnopusx
HEJIMHEHHONW 3aBHCHUMOCTH CHEKTPAIBHBIX XapaKTEpPHCTHK
cpensl  OT OCOOEHHOCTEH ee cocraBa ¢  IOMOLIBIO
onHoMepHoW cBeproyHol HeiiponHo#t cetn (CNN) Ha

C. Anp-Cammappaiie
Camapckuil HayUOHATbHYLI
uccne008amensCKuli YHugepcumen uMm.
axaoemuxa C.I1. Koponesa
Camapa, Poccus
saharzead@rocketmail.com

E.H. Tynukosa
Camapckuil HayUOHATbHYLI
uccne008amenbCKull YHugepcumen uMm.
axademuxa C.I1. Koponesa
Camapa, Poccus
nil-6ssau@mail.ru

H.A. bpatueHko
Camapckuil HayUOHATbHYII
uccne008amensCKull YHugepcumen uMm.
axaoemuxa C.I1. Koponesa
Camapa, Poccus
iabratchenko@gmail.com

OCHOBE KOMOWHAIIMM CBEPTOYHON 0a3pl C OCTATOYHBIMH
CBS35IMH, JJOMIOJIHEHHON PEKYPPEHTHBIM CIIOEM.

2. MATEPUAJIbI U METO/IbI

baza skcrepuMeHTanbHBIX JaHHBIX C(HOPMHUpPOBaHa Ha
OCHOBE  PETUCTPALUN  XapaKTEPUCTUK  IMOBEPXHOCTHO-
YCWJICHHOIO PaMaHOBCKOI'O PAacCesiHUsl CBIBOPOTKH KpPOBHU
MAMEHTOB C XPOHHYECKOW Oosie3Hplo mMouek (rpymma 58
MUATU3HBIX OOJBHBIX C TepMUHaNbHOHM cramueir XbIl,
rpymmna 78 OOJBHBIX C HadanbHBIMH cragmsmMu  XbBIT)
[MpennoxxeHHBIH METOA OCHOBAaH Ha MHOTO(AKTOPHOM
aHaIN3€ YKCIEPHUMEHTAIBHBIX JAaHHBIX JUI1 AUCKPHUMUHALUI
o0pasnoB 1o crenenn TsoxecTn XbBII, uTo accommmposaHo ¢
MHOXECTBEHHBIMH H3MEHEHUSIMH KOMIIOHEHTHOTO COCTaBa
CBIBOPOTKHM, W [  ONpeleNeHHs  COACpXKaHus U
CIEKTPAJILHOIO BKJIA/Ja OTHEIBHBIX AHAJIUTOB HAa IHPUMEpPE
KpeaTHHHHA 1 KapOamua.

IIpeno6paboTtka MOBEPXHOCTHO-YCHUIICHHBIX
PaMaHOBCKHX  CHEKTPOB  CBIBOPOTKH  COCTOsUIa W3
HECKOJBKHMX TIIOCIEOBATENBHBIX JTAllOB:  CIJIA)KMBaHUE
IIyMOB, yIaleHHe aBTo(uIyopecueHTHoro (oHa W
HopMmarmm3anus. CriakuBaHue HEOOpabOTaHHBIX CIIEKTPOB
BBITIOJHSIOCE ¢ ToMomipio ¢uibrpa CaBunkoro-I'ones c
MIMPUHON OKHA (uibTpa 15, IepBEIM HOPSIKOM MOJIMHOMA,
UCTIONIB3YeMOTO  UISl  CIVIKMBAaHHWS, W IPOU3BOIAHON
HyJeBoro mnopsaka (6e3 mpomsBomHoil). Bo wusbexanne
nepeoOyUeHusl, aHaIN3 YCTOHYMBOCTH peajn3alii MeTozaa
aHajgM3a  OKCHEPHMEHTAIbHBIX  JaHHBIX M BBHIOOD
ONTHMAIBHBIX [TapaMETPOB OBUIM PeaNn30BaHbI C TOMOIIBIO
k-xparnoii kpocc-Basmpanuu (k = 10) [1]. Meton Ha ocHOBe
rryOoKoro oOydYeHHs peajn3oBaH C  HCIIOJIb30BaHUEM
otnenpHON oxgHoMepHo CNN  ams  kaxmod 3amadm
00paboTKM M pacrio3HABAHUS HKCIIEPUMEHTAIBHBIX JAHHBIX.
CpaBHUTENIBHBINM aHAJIN3 XapaKTEePHCTHK CeTel pa3nYHbIX
ApXMTEKTYp  BBIOJHEH HAa  OCHOBE TIE€HETHYECKOTO
QNrOpUTMa, TO3BOJIAIOMIETO OSMIHPUYECKH  ONPENCITUTh
ONTHMAIBHYIO apXUTEKTYpY M T'MIeprapaMeTpsl. B kauecTse
Mepbl YCIEIIHOCTH M KPHUTEPHEB OLEHKH TECTUPYEeMbIX
koH(purypanuii CNN ObutH BEIOpaHBI clieayIomue GhaKkTopsl:
YCTOWYMBOCTh MOJIENIM, BEJIMYHMHA OUIMOKH, TOYHOCTH JIJIs
3a7a4i KiacCU(UKAMKM M BU3yalIM3alMsl paclipesieeHus
BaXHOCTH TNepeMeHHBIX. [ momeneit CNN ucmosb30Baics
QITOPUTM BBIYMCIICHUS] BaXKHOCTH IEPEMEHHBIX Ha OCHOBE
NepecTaHoBOK [2].
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BaxxHocTh mnepeMeHHONM B TMOCTPOSHHOW MOJEIM Ha
OCHOBE TICPECTAHOBKH OTpeAeseTcs KaK yMEHbIIECHUE
XapaKTepUCTUK MOJENU TMpU CIy4alHOW MepecTaHOBKe
TIEPEMEHHOH B HA0OpE TapaMeTpOB.

3. PE3YJIbTATBI

be3 ucnonbp3oBaHus MHOTOMEPHOTO aHajN3a B KayeCTBE
OTJIMYUTEIBHBIX 0COOEHHOCTEH CTHEKTPaIbHBIX
XapaKTEPUCTUK CHIBOPOTKH KPOBH F'EMOTUATU3HBIX OOIBHBIX
MOJXHO BBIICIHTh YBEJIHMYCHWE WHTCHCHUBHOCTH ITHKOB
1004 cm! (C-C, ¢enmnananun), 1240 cm? (amunm 1),
1395 em? (CH, C=0) no CpaBHECHHIO ¢ TanueHTtamu 1-3a
rpynn XbII. Cneqyer oTMETUTh HaJIu4dKle BHYTPUTPYNIIOBOI
IUCTIEPCHH W TEPEKPHITHSA CHEKTPANBHBIX IPH3HAKOB
H3y4aeMbIX Tpym, a TaKXxe HaJIu4Ke
MyJIbTHKOJUITHHEapHOCTH. 1lo 3Toi mpmumHe 0a3a JaHHBIX
CIICKTPOB CHIBOPOTKHU OB MOIBEPTHYTa MHOTO(AKTOPHOMY
aHamm3y. Jlna oOHapyKeHHs TEeNeBBIX CYOBEKTOB C
MOMOIIBIO PEIICHUsI HAa OCHOBE TJIyOOKOro OOYyYEeHHUS
cnenupuaaocts 0,95, wyBcTBUTENEHOCTH 0,92 M TOYHOCTH
0,94 mocTaTOYHBI AJI1 KIMHHYECKOTO HUCIIOIh30BaHuA.

Ha pucynke 1 mpezacTaBieHO pacrpeneneHne BaKHOCTH
MEPEMEHHBIX ~ MAaTpHIl  CIHEKTPOB  CHIBOPOTKH  TPH
MOCTPOCHUN MoOJIeNied  KIacCH(UKAINK TeMOJHAIN3HBIX

151¢ 1710 1910

OOJIBHBIX c TEPMUHAIBHOU craauei MIOYEYHOMN
HenocTaTouHOCTH 1 00ibHBIX ¢ XBII 1-3a ctagum.
denunananuy,
0(CO), v(CC),
8(OCH) nANNAL!
FUNOKCaHTH yrnesons (5CH3)
10 ‘
£ |
£ \
710 210 1 0 1310

- WIPYNNG “TEPMTHANSH

MU Maxc

Puc. 1. PactipesienneHrie  Ba)XKHOCTH ~ TIEPEMEHHBIX  MTOBEPXHOCTHO-
YCUIICHHBIX PAaMaHOBCKHX CHEKTPOB CBIBOPOTKH B KIacCH(MHKAIUH
00pa3IIoB IO MaTOJIOr0-aCCOIMIPOBAHHOMY HPH3HAKY

Peanuzamust Meroma aHanM3a  SKCHEPHUMEHTAIBHBIX
nanHbeix Ha ocHoBe CNN Bbelgenmia B KadecTBe Hauboiiee
nH(OPMATHBHBIX CJIETYIOIINE MOJIOCHI CIIeKTpa: rmojoca 720-
750 cm ¢ MakcumyMoM nuka nipu 724 cm (cooTBeTCTBYET
rUnokcanTuy), nosnoca 990-1030 cm? ¢ Mmakcumymom nuka
npu 1001 cm? (penmnmananun, v(CO), v(CC), §(OCH)),

nosnoca 1089-1110 cm? ¢ makcumymom nuka mpu 1095 cmt
(yrneBoast), monoca 1220-1255 cm™? ¢ mMakcuMyMoM mHKa
npu 1238 cm? (munmawl), momoca 1380-1415 cm?t ¢
MakcuMmyMoM nuka npu 1393 cm? (8CHs) [3-6]. Bwum
MOCTPOECHBl  PErPECCUOHHBIE MOZAEIH  KOppEJSHU
XapaKTEePUCTHK IOBEPXHOCTHO-YCHJIEHHOTO PaMaHOBCKOTO
paccesiHUsI CHIBOPOTKU M YPOBHSI KpeaTWHHHa U KapOaMmusa,
OTIPEACTAEMbIX CTAHAAPTHBHIM OHOXMMHYECKHM aHAIH30M.
Koadpuuuent perepmunanmu  R?  ypoBHS KpeaTMHMHA
cocraBmn 0,81 mms wmomemn CNN. Kosddumment
JIETepMHUHAIIMY YPOBHs Kapbamuia coctaBmwi 0,82. B menom
MONMYYCHHBIE  XapaKTepUCTHKA  METOIOB  OOpabOTKH
OKCIIEPUMEHTANBHBIX ~JaHHBIX B  3aJadaX perpeccuu
KpeaTHHHHA W KapOaMuaa COMOCTaBUMBI C PE3yJIbTaTaMHU,
MOJTyYSHHBIMH APYTUMH aBTOPAMH

4, 3AKJIIOYEHUE
HpI/IMeHeHI/Ie I/IHTeJIJIeKTyaJILHOFO MEeToga
I/II[eHTI/I(l)I/IKaHI/II/I cpen C MPUBJICUCHUEM I‘J'Iy60K01"O
06yqu1/I${ IIO3BOJIACT CHU3UTH HEIraTUBHOC BIINSIHUC

(hakTOpOB, aCCOIMUPOBAHHBIX C MYJILTHKOJUTHHEAPHOCTHIO,
(iIyKTyauussMH  CHTHala  pacCessHUs W CTEMEHbBIO
CTaOMIILHOCTH MHCTPYMEHTAJIBHOM 0a3bl, Ha CICKTPAIbHBII
aHaJIU3 KOMIIOHEHTHBIX 0COOCHHOCTEH KOJUTOUIHBIX CPE/.
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Development of a Device for Non-invasive
Recording of Biomedical Signals in Rats (Rattus
Norvegicus Domestica)
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Abstract— Cardiovascular diseases continue to be the most
urgent problem worldwide, so conducting preclinical animal
trials is an integral part of drug development. The most
common types of model animals are rats, since they have a
similar structure of the cardiovascular system to humans. This
raises the question of non-invasive, safe recording of
biomedical signals in rats.

Keywords— electrocardiogram, photoplethysmogram, rat,
pharmacology

I. INTRODUCTION

One of the most common methods of evaluating the
pharmacological effect of drugs is testing on laboratory
animals. It involves taking an electrocardiogram (ECG) and
a photoplethysmogram (PPG). Preclinical drug trials are
necessary because they can determine the indications for the
use of drugs, contraindications, side effects and properties of
already patented drugs in order to better determine the scope
of clinical trials and the possibility of their drug behavior.
Since the characteristics of ECG and PPG are very similar in
rats and humans, it becomes necessary to obtain reference
values of various indicators, including ECG and PPG
parameters. That is why rats are the most common species
used in experimental studies of cardiac physiology and
electrophysiology. However, there are practically no
complexes consisting of two devices at once (ECG and
PPG), although the analysis of these two types of biomedical
signals at once is important for assessing the state of the rat's
cardiovascular system.

Il. A MODERN APPROACH IN LABORATORY PRACTICE

Currently, invasive ECG recording devices are mainly
used in laboratories, which require surgical intervention and
anesthesia, as a result of which the rat may die from blood
poisoning, or anesthetics are used during recording signals
that affect heart rate variability, and also have a fatal
outcome. Another method of ECG registration is telemetry.
Telemetric sensors are implanted under the animal's skin to
reduce external interference, but this method is also not safe

[1].

Dmitriy S. Shevchenko
Saint Petersburg
Electrotechnical

University “LETI”

St. Petersburg, Russia

dsshevchenko@etu.ru.

There are also non-invasive electrocardiogram recording
methods, but most of them interfere with the signal from
various manipulations with the rat during signal recording.
For example, putting a cotton jacket [2] on an animal will
cause a lot of stress interference due to an uncomfortable
feeling on the rat's body and a state of stiffness, it is also
impossible to securely attach the electrodes on the jacket to
the rat's chest, which will cause movement artifacts.
Another  non-invasive ~ way  of  recording an
electrocardiogram is the location of a rat secured with
Velcro (strips of fabric overlap the rat criss-cross) on
electrodes located on a special block [3]. The disadvantage
of this method is the unreliability of the attachment. The
animal can escape from it if the Velcro is loosely secured, or
slip out from the back side due to an uncomfortable
position. Also, if you squeeze the rat hard, it will lead to
stress, which will affect the results of the analysis. Another
disadvantage is the mobility of the animal during the study,
which will cause movement artifacts that can also distort the
results.

Photoplethysmography recording devices are also
divided into invasive and non-invasive. The disadvantage of
invasive is the use of complex experimental procedures that
expose animals to infection and inflammation, and they
cannot be performed on rats that are too small in size. Non-
invasive methods may also include the use of anesthetics
that adversely affect the physical condition of the rat, as
well as the use of special devices on the animal's body that

cause discomfort during recording, which causes
interference in the signal [4].
In response to this, a non-invasive dynamic

physiological monitoring system was developed in this
study, which allows simultaneous recording of an
electrocardiogram and a photoplethysmogram in rats,
without the use of anesthetics.

I1l. PROPOSED CONCEPT

In this study, the following concept of a device for
recording the electrical activity of the heart in rats is
proposed (Fig. 1).
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Fig.1. Block diagram of a device for recording ECG and PPG in rats

The signal registration unit consists of two parts: the
PPG signal conversion module and the ECG signal
conversion module.

The diode module for optical heart rate monitoring is
designed as a clamp that needs to be attached to the tail of a
rat, preheating the animal to a temperature of 28-32°C for
10-15 minutes to enhance blood flow in the tail. LEDs work
in the red and infrared regions of the spectrum, since
ultraviolet radiation (10 - 380 nm), as well as visible light in
the blue and violet ranges (380 - 485 nm) is strongly
absorbed by surface tissues. Light radiation is passed
through the studied section of the biological tissue, then the
light gets to the radiation receiver (photodiode). Next, the
signal from the photodiode enters the PPG signal conversion
module, where, using the control module unit (CMU) via
the communication protocol (12C) with a microcontroller
(MCU), it is digitized using an analog-to-digital converter
(ADC) in order to further calculate the necessary indicators
of the rat's condition. After the FPG, the signal should be
displayed on the screen of a personal computer (PC).

Data from the ECG electrode block is sent to the ECG
signal conversion module (ADS1292). ADS1292 is a
multichannel 24—bit analog-to-digital converter (ADC) with
sigma-delta simultaneous sampling, built-in programmable
amplifier, internal reference and built-in generator. Sigma-
delta high-resolution ADC is used to reduce signal
amplification in order to reduce the likelihood of over-
amplification, which can lead to the loss of the useful
component of the rat ECG signal. The ECG module consists
of a filtering and amplification unit (FAU), which is
necessary to get rid of unnecessary signal interference and

to increase the amplitude of the useful signal. Further, the
filtered and amplified ECG signal passes through a
differential amplifier (DA) designed to amplify the
difference between the two voltage inputs, but suppressing
any voltage common to the two inputs, and is further
digitized using an analog-to-digital converter (ADC), and is
transmitted to a PC using an ESP32 microcontroller (MCU).

IV. CONCLUSION

In this study, the analysis of existing methods for
recording biomedical data in rats was carried out, their
shortcomings were revealed. The concept of a device for
noninvasive registration of electrical activity of the heart,
consisting of ECG and PPG modules, was also proposed. In
the next work, the layout of this device will be presented, as
well as the signals received with it.
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Annomayua — Pabora mnocesinieHa BBIOOPY Hamoee
NPEANOYTUTEILHOTO  aJIrOPpUTMa  BbilesieHusi  R-3y6uos
KAPAHOUUKJIOB  JIEeKTPOKAPAMOCUTHAIOB  CBEPXBBLICOKOIO

paspemienusi. JIns 3Toro NpoBoauTCsl CPAaBHHTE/IbHAsl OLleHKA
paboThI MpeI0KeHHBIX AJITOPUTMOB ¢ BhledenueM R-3y6nos
PYYHBIM METOAOM. JTO TO3BOJUT MPOBOAUTH H3y4YeHHe
BBICOKOYACTOTHBIX  HH3KOAMIUIMTYIHBIX  COCTABJSIIOLINX
3J1eKTPOKAPANOCUTHAJIOB, PETHCTPAINS KOTOPBIX NMPOBOJAMTCS
c MOMOUIbIO HOBOI'0 aBTOPCKOro MeToAa
JjeKTpokapauorpagun cBepxBbicokoro paspemerus (OKI
CBP). Baarogapsi BbIIeJIEHHMI0 KAapPIMOLUUKJIOB CTAHOBUTCS
BO3MOKHBIM  0o0Jlee  TOYHO  CONOCTABHUTHL  H3MEHEHMs
CMEeKTPANBHON TJIOTHOCTH MOIHOCTH € MOMEHTOM Hadajia
Pa3BHTHSI OCTPOif HIIEMHH Y TOAONBITHOH KPBICHI.

Knroueevie cnosa — 8vloeneHue Kapououyuxnoe,
IneKmpoKapouozpapus C6ePXBbICOKO20 paspewienusn,
Moldenuposanue OcCmpoil uuwiemuu, HOOONbIMHbBIE KPbICHI,

cnekmpaﬂbnbu? ananus

1. BBEJIEHUE

B nmocnenHue rofpl akTUBHO BeJeTCs pa3paboTKa HOBBIX
anexTpokapanorpaduuecknx (IKI') MeTonoB, OCHOBaHHBIX
Ha YCOBEpIICHCTBOBAHHUHU aNNapaTHHIX, aITOPUTMUYECKUX U
NPOTPaMMHBIX ~ CPEJICTB  CHATHA M PErHCTpalliH
anekTpokapauocuraanoB (OKC). OmHMM U3 HHUX SBISETCS
HOBBIH ABTOPCKHH METOo[ aJIeKTpoKapanorpadun
cBepxBbicokoro paspemenus (DK CBP), ocHoBHOE
OTIMYUE KOTOpOro 3akmrouaerca B peructpauuu OKC B
paCIIMPEHHBIX aMIUTUTYAHOM U YaCTOTHOM JIHara3oHax. JTo
MO3BOJISIET MOJYYHWTh HOBYIO, paHee HEJOCTYIHYIO JUId
aHammza OKI-mHdopMammio o pasBUTHM  TATOJIOTHH
CEpAEUHO-COCY IUCTOM CHUCTEMBI, B YaCTHOCTH,
WIIEMHUYECKOH OoNe3Hn cepana — OJHOM U3 NpHYHH
CMEPTHOCTH M MHBaIWau3anuu Hacelenus [2]. PaspaGorka
merona OKI" CBP aktuBHO Benercs B abopatopun ''Payo-
U ONTOINEKTPOHHBIX NPHUOOPOB paHHEH JAMATHOCTHUKU
naTojioruii kuBbIX cucteM” MHCTHTYyTa aHaIMTHYECKOTO
npubopoctpoerns PAH  mox pykoBoactBoMm A.T.H, pod.,
3aituenko K.B [1].

Hnsa  ampobamm  meroma Ha  Oaze  MHcTHTyTa
skcnepuMeHTanbHoil Meauuuusl OI'BY "HMULL um. B.A.
AnMazoBa"  TPOBOAATCA CEPUM  OKCHEPHUMEHTOB  TIO

E.A. Jleanucosa
HUnemumym ananumuyeckozo
npubopocmpoenus PAH
Canxkr-IletepOypr, Poccust
tiranderel@yandex.ru

Canxkr-Ilerepbypr, Poccus
sevakovdaniil@gmail.com

B.B./laBb110B
Canxm-Ilemep6ypeckuii
Tonumexnuueckuii Ynusepcumem
Ilempa Benuxozo
davydov_vadimé6@mail.ru

MOJICTTMPOBAHMIO  OCTPOM  HWINEMHHM  MHOKapAa  Ha
MOJOTBITHBIX KPBICAX, BO BPEMsI KOTOPBIX OCYIIECTBISETCS
perucTpanus u 3aIHCh 3JIEKTPOKAPANOCUTHAJIOB
cepxebicokoro paspemerus (OKC CBP) [3]. Otu curnans
PETHCTPUPYIOTCS € IBYX KaHAJIOB — HU3Ko4yacToTHOTrO (HY),
COOTBETCTBYIOLETO CTaHJIapTHOM OKT, u
BeIcokouacToTHOro (BY), comepxaiiero MUKpornoTeHIIAIbI.
Jns mocnenyromnielr o0pabotku u u3ydenuss OKC CBP,
3anucaHHeIX B BU-kamame TpeOyercst  paspaborath
MPOTPaMMHBIN  KOMIUIEKC, OJHOH W3 3agad KOTOPOTO
SBISIETCS BBIJEJICHUE BCEX KapAHOLMKIIOB, PETUCTPUPYEMBIX
B HY-xananme. DTO MO3BOJUT COMOCTaBUTH 3TUM IIMKJIAM
cootrBercTBytomue yuactku OKC CBP B BU-kanane.

BONBIIMHCTBO CYIIECTBYIOIUX AJTOPUTMOB BBIICIICHUS
KapIUOLUKIOB TPEJIOKECHBl TONBKO IS CTaHZApPTHBIX
MetonoB OKI, wd9acrtora  JUCKpETH3allMM  KOTOPBIX
cocrasisier, npumepro, 250 T [4]. Dtu anroputmsl He
MoryT npumensitbes B Metosie OKIT CBP, mockonbky 3a cuér
pacImIpeHnss YacTOTHOTO W AaMIDIUTYIJHOTO Hala30HOB
peructpaniun  OKC  CBP, w4actrora muckperusanuu
cocraBisieT 6250 T'm, a paspsaHOCTD 16 OHT.

2. CPABHEHUE AJITOPUTMOB BBIJIEJIEHUS
KAPJIMOLIUKJIOB

B onanHOW paboTe HamMM IPEAJIOKEHBI AJITOPUTMBI
BeleneHuss R-3y0IoB, a uMeHHO, rpaaueHTHbId [5] u
OCHOBaHHBIM Ha TpeobpasoBanmmu [wisbepra. CrouT
OTMETHTB, YTO NPEAJIOKECHHBIC AITOPUTMBI HE 3aBUCST OT
4acTOTHl JMCKPETH3AIMHM, 4YTO SBISAETCSA OJHUM W3
kpurepues 111 metoaa OKI' CBP.

ANTOpPUTM OCHOBaHHBIN Ha mpeoOpa3osanun [ misbepra
UCTIONIb3YeT B Ka4ecTBE periaronieidl QyHKIMH MIHOBEHHYIO
MOIITHOCTh orubaromied curHama. OHa pPacCUUTHIBAETCS
YMHOXEHHEM aHAJIUTHYECKOrO CHIHal Ha KOMIUIEKCHO
CONPSDKEHHBIA €My, KOTOPBIH PacCCYMTHIBACTCS TIPH TOMOIIN
npeobpazoBanus ['misoepra.

I'panueHTHBI MeTON, B CBOIO OuYepelb, B KauecTBe
pemratonieii GyHKIMU UCTIONBb3YET TPAJANCHT, PACCUUTAHHBIA
IpU TOMOIIM NEPBOH [ENEHHON LEHTPalbHOH pPa3HOCTH.
CaM TpagueHT IpeACTaBiIseT COO0H BEKTOp, YKAa3bIBAFOIIIUIA
POCT OTEHIMAJIA DJIEKTPUYECKOTO OJIS CEpALA.
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Ha Puc.l] npuseneHsl pe3yiabTaTsl MNPUMEHEHUS
MIePEUNCIICHHBIX aJITOPUTMOB BhieneHus R-3yomoB Ha OKC,
noixydyeHHsIx ¢ nomourpo mMeroga OKIT CBP Bo Bpems
9KCTIEPUMEHTOB Ha MOAOMBITHBIX KpbIcax. OTOPHOM TOYKOH
npu aerekuuu R-3yOra siBISIIOTCS MaKCHMYMBI PELIAOIINX
¢ynkmuii.  OTMeTHM, 4dYro Ha TMPOTSDKCHHH — BCETO
JKCIIEPUMEHTATBHOTO mporecca Ha OKC CBP
BO3/ICHCTBYIOT TTOMEXH, CBS3aHHBIE C CETHIO NEPEMEHHOTO
TOKa, TPEMOpPOM MbIII MU TA. i yiaydmieHus paOoThI
anroputmoB, mnpuBeneHaelii JKC ¢ HY-kanama Obmn
npeABapuTeNbHO OTGWILTPOBaH. Takxke, U1 JalbHEHIIero
CpaBHEHHS pe3yIpTaTOB BEIJICIICHUS R-3y6moB
NPUBEJICHHBIMA ~ aJITOPUTMaMHM, IIPOBEACHO HX py4YHOE
BhIieneHue Ha ToM ke yaactke DKC B HY-kanane (Puc.2).

JUii  OLEHKM aJrOpUTMOB  HCIOJB3YeTCsl  pacder
CPEAHEKBAAPAaTUIECKON OMMOKKM MEXIy pa3METKaMHu,
MOJMYYEHHBIMH TIpM TIOMOIIM KaXAOTO alropur™Ma U
MIPOBEACHHON BPYUHYIO, a TaKoKe M3MEpEHHE
ObIcTpOJCHCTBUS PabOTHl MX HMPOrpaMMHON peanu3anuu. B
Tabmuue | mpuBeneHBI pe3yabTaThl pacyeTa OIMCAHHBIX
apaMeTpoB.

Tabnuna 1. CPABHEHUE PE3VJIbTATOB PABOTBI AJITOPUTMOB
Anzopumm Bpemsa pabomet, ¢ CKO
T'panueHTHBIH 0.0018 19.84
Hcnone3yrommii  mpeodpasoBanue 0.0022 1071
T'unbbepra

W3 Tabmuupl | BUOHO, YTO HAWIYYLINH pe3yabTaT IO
MIPEUTOKCHHBIM HAMH XapaKTePHCTHKAM OICHKH pPabOTHI
ITOPUTMOB  SIBJISICTCSl  aITOPUTM, OCHOBaHHBIM  Ha
npeoOpazoBanuu [ mis6epra.

Kak Opulo OTMEUeHO paHee, BBIJCICHHE KapIAHOLMKIIOB
OKC neobxoammo mist nmocneayromero anammza JKC CBP,
peructpupyembeix B BU-kanane. MHTepec mnpenacrapiser
MPOBENICHHUE CIEKTPAIFHOTO aHali3a B 30HAX KaXkKIOTO
KapIWOLMKiIa JJid JajbHeiied OIEHKU H3MEHEHUs
MOIITHOCTH  CIIEKTpa BCEr0 CHTHAIA. Juns  sroro,
BBICOKOYAaCTOTHBIN CHUI'HaJI JCIIUTCS Ha BPEMCHHBIC
HHTEPBAJIBL, COOTBETCTBYIOIIHE BEIJICIICHHBIM B
HU3KOYAaCTOTHOM CHTHane Kapiauoruknam. [locime dero, Ha
KaXJIOM BBIICJICHHOM HWHTEpBaje MPOBOJUTCSA pPacdeT
CHEKTPAIbHOH TUIOTHOCTH MOIIHOCTH M BBIYHCIICTCS €
cpenuexBaapatiyeckoe oTkioHeHne (CKO). I'pacduk
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Puc. 1. Pe3ynbratsel paboThl arTOPUTMOB BbIZeNeHUs R-3y010B:
a) rapAMEHTHOr0; 6) OCHOBAHHOTO Ha TIPeo0dpa3oBaHUU

Voltage,mv

Puc. 2. Pesynbrat pydHoro Beigenenus R-3yomos

m3Mmenenns CKO BY-curmama B KaXXIOM BBIIEIEHHOM
kapauonukine HYU-curhHama mo3BoiseT TrpyOO  BBISBUTH
NpU3HAKM Hayala OCTPOM HIIEeMHH BO Bpemsl e
MojeaupoBanus y Kpbeickl (Puc.3, a). IlpeaBapurenbHbie
MCCJICJIOBAHUS 110 M3MEHEHHSM CIEKTPAIBHON IIOTHOCTH
MomHocT BY-curHanoB 0e3 BBIICICHHUS KapIUOIIUKIOB
JTAIOT MeHee HarIBIIHbIA pe3ynsTat (Puc.3, 0).

~ MIMQHT HINAND WUIEMIN

6) time, ¢

Puc. 3. H3menenne CKO crekTpanbHOH IUIOTHOCTH MOIIHOCTH IIPH
paznenernn OKC Ha KapauomuWkiasl (a) M Ha BpEMEHHBIE
UHTepBaIbI (0)

3. 3AKJIIOYEHUE

IIpoBeneHHBINt aHANMM3 MO BBIOPAHHBIM AJITOPUTMAM
BbIIeNIeHUsT R-3yOLIOB KapAHOIMKIOB TOKa3al, YTO B
JAaHHO# paboTe HAWIYYIIUMH XapaKTepPUCTUKAMHU 00Jamact
NTOPUTM, OCHOBaHHBIN Ha mpeoOpazoBanHmu [ mibOeprta.
JlaHHO€ HccnenoBaHUE HE HMCUEPHBIBAIOLIEE, OJHAKO JAeT
BO3MOXKHOCTh 0OJie€ TOYHO MPOBOTUTH IMOCIEAYIOIICe
uccinenoBanne BU-cocrasiasroninx DKC CBP. Brigenenune
KapJMOIUKIOB IO3BOJIMJIO 0OJiee TOYHO COMOCTaBUTH

U3MCHCHUS CHCKTpaHBHOﬁ IINIOTHOCTH MOIIHOCTH C
MOMEHTOM  Hauyaja pPasBUTHSL  OCTPOM  HMIIEMHH Y
HOJIOIBITHOM KPBICHI.
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Cexkuust 6. THGOpMaLIMOHHBIC TEXHOIOTHH B OHOMEIUIIIHE

[IpuMeHeHune rpadoBBIX HEUPOHHBIX CETEH K
MHOT'OMEPHBIM BPEMEHHBIM PSAJAM IS
OOHapy’KEHMSI HOBBIX (DYHKIIMOHAJbHBIX ITATTEPHOB
B HEUPO(DU3NOIOTUU
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Annomayus—B padoTte npeaioKeHa MeTOIHMKA,
MOMOraluas MccIeA0BaTessiM MO CepHH 3IKCIePUMEHTOB
aBTOMATHYECKH BBISBHTh (YHKIMOHAJIbHBIN MaTTepH B
MHOTOMEpPHBIX BpeMeHHBIX psizax. Ilpm 3ToM  OBLIO
A0CTAaTOYHO (opMaATN30BATH MCXOAHYIO 3aJady B TePMHHAX
MAIIHHHOIO O0y4eHHMs1 M He Tpe0oBajlOCh YIJayOJATbHCA B
npeaMeTHyl0  odjgactb.  PadoTocmoco0HOCTH  METOAUKHU
MPOJIEMOHCTPHUPOBAaHA B 00JacTH Helipodu3nojoruu s
JaHHBIX, TI/le Yyske M3BeCTeH OXXHAaeMblii  HaTTepH.
IIpenyioxkeHHass HelipoceTeBasi apXHTEKTypa HCHOJb3yeT
uHpopManui0 00 yCTpoiicTBe, ¢ MOMOILILI0 KOTOPOro ObLIM
coOdpanbl JgaHHbIe. McxoaHoe moJI0KeHHMe 3aNHMCHIBAIOLINX
3J1IeKTPOAOB OBLI0 3aKOAMPOBAHO B BHe rpad)a U mepeiaHo B
COOTBETCTBYIOIIYI0  apxuTekTypy. Jisi  maabHeiimero
Pa3BHUTHSI IaHHOW WIEH TNpeCTaBJIsieT WHTepec NMPHMeHeHHe
NMpeJIoKeHHO MeTOAMKH B JAPYrHMX NpeAMeTHBIX 00./1acTsX,
HanpuMep, MNOKa3aTeJsiM ¢ JATYMKOB HAa MPOMbIILJICHHBIX
KOHBeiiepax W 0aHKOBCKHUM TpaH3akuusM. 1 moao0HbIX
3aa4 PacCMOTPEHHBIH MOAX0X MOKeT OBITH JA0padoTaH U
pacuInpeH.

Knrouesovie cnoea—P300, eépemenHtble Ao,
dynkyuonanvuvle nammepusl, 2pagosvie HeliponHvle cemu,
unmepnpemayus

1. BBEJIEHHE

Bo MHOrMX mpeaMeTHBIX OONACTSIX HCCIeTyeMble
JIaHHbIE MUMEIOT BHJ MHOTOMEPHBIX BPEMEHHBIX PAIOB. DTO
MOTYT OBITh TOKa3aHMSA JATYMKOB Ha IIPOM3BOJCTBEHHBIX
JVHUSX, AaKOUM Ha (OHIOBOM pBIHKE WIM HCTOPUH
JICHE)KHBIX TpaH3akuui. MHorna takue BpEeMEHHBIE PSbL
BO3HMKAIOT KaK pe3yJbTaT JONOJHUTENBHOH 00paboTKH,
HampuMep, BHUIEO MOXKET NPeoOpa3OBBIBATECS B IyUYOK
TPAEKTOPHUH CrIeIM(PUUECKHUX TOUEK.

B Hamm [OHH WCCIEOBaTENH KAYT OT MOJelei
MamuHHOTO  OoOyuennss (MO) He 1mpocTo  penieHus
OPUKIAJHBIX ~ 3a7a4, HO W  HHTEPIPETHPYEMOCTH
pe3ynpTatoB. Mopenu [OJDKHBI SIBHO JIGMOHCTPHUPOBATh
TM0JIB30BATEISIM 3aKOHOMEPHOCTH, KOTOpbIe OHK Hanuti. [1pu
9TOM aHaIW3 MHOTOMEPHBIX BPEMEHHBIX PSIJOB BO MHOTHX
CIydasix ~CBOJAWTCS K BBISBICHHIO TaK HAa3bIBAEMBIX
@yHryuoHaneHblx nammepros [2], T0 ecTb ocoGeHHOCTEH
MOBEJCHUST ~ BPEMEHHOTO  pPsiZa,  COOTBETCTBYIOIIHMX
HEKOTOPBIM ~HMHTEPECYIOIIMM HCCIIEA0BATENICH COCTOSIHUSAM
cucteMbl. Ha MpPOTSDKEHWH MHOTHX JIET OSKCIEPThl U3
Pa3IMYHBIX MPEAMETHBIX 00JacTeil yiKe BBISBUIIM HEKOTOPOE
KOJMMYECTBO (DYHKIIMOHATBHBIX MATTEPHOB. 3aqadueii JaHHO#
paboThl  sBISIETCS  SBISIETCS  NPEAJIONKHTH  METOAUKY
ABTOMATHYECKOTO  MMOWCKa MOJOOHBIX  MATTEPHOB B
MHOTOMEpPHBIX BPEMEHHBIX psaax 0e3 oOnamaHus KaKkuMH-
1100 anpPHOPHBIME 3HAHUAMHE O MPeaAMETHOH 0bmactu. Wnes

A.N. Maiicypanze
Mockosckuil 2ocyoapcmeentvlil yHueepcumem umeru M.B.
Jlomonocosa
MockBa, Poccus
maysuradze@cs.msu.ru

WCCIICIOBAHUS COCTOHUT B TOM, YTOOBI MPEIOKUTH MOJIEIB,
KOTOpass KaK YacTHBIM Cllydail HalAeT y>K€ H3BECTHBIC
marTepHel. Pa3BuBas MOMOOHBIM monmxox, B Oyaymem
HCCIICIOBATENIN CMOTYT HCIOJIB30BaTh MOJCIH MAIIHHHOTO
oOyueHHs1, dYTOOBI OBICTpee HAXOAWTh HOBBIC BHUIEI
MATTEPHOB Y 3aKOHOMEPHOCTEH B HCXOMHBIX JaHHBIX
MHOTOMEPHBIX BPEMCHHBIX PSIOB.

Kpome Toro, Hamn noaxoJ UCTIONb3yeT JONOTHUTEIBHYIO
MH(OPMALINIO O CTPYKTYpE U3MEPHUTENBHOTO yCTpoiicTBa. Eé
MOXXHO IIPEACTaBMTb B BuAe rpada, copeprkaiiero
nHdopMario 00 OTHOWMIEHMH MOPAAKa KOMIIOHCHTOB
MHOTOMEPHOTO BpEeMEHHOro psaa.  [lonoOHbI TOAXON
JIOJDKEH YJIy4IINTh 000O0IIAfONIyI0 CIOCOOHOCTE M3ydaeMOon
MOJIEIIH.

2. TIPEAMETHAS OBJIACTh

B nanHoii paboTe B KauecTBe MPeAMETHON 00NacTH B3sTa
Helipopusnonorus. COOTBETCTBEHHO, pab0OTa METOJUKH
Oyner NpOJEMOHCTPUPOBAaHA HA BBISBICHUH OJHOTO U3
CaMbIX  M3BECTHBIX  (DYHKIMOHAIBHBIX IATTEPHOB B
anekTposHnedanorpammax (33I), a mMeHHO gotubl P300.

HetpyaHo BUAETH, YTO TPAJAMIIMOHHEIE NMATTEPHBI, TAKHE
kak BosrHa P300, yI0OHO BBISBIATH C HOMOIIBIO CKOJB3SIIIHX
¢unpTpoB win onepaimu cBEPTKU [1]. TTomob6HbBIe omeparmu
yKe peaIn30BaHbl B TPAIUIIUOHHBIX HEUPOCETEBBIX MOJIENSIX
MO.

JIst  DKCIIEpUMEHTOB MBI WCIIONB30BAIM  JIaHHbBIE,
onucanubie B [2]. Habop nanHbix «Matpuna» OblLT 3amucaH
C TOMOIIBI0 MAaTPHIBI CUMBOJIOB, HAaOMIOAass 3a KOTOPOW

YCJIOBEK MOXKET MHUCaThb CJIOBA, KOHILCHTPUDPYA CBOE
BHUMAaHHUC Ha OTACIBHBIX CHMBOJIaxX. Bo BpeMs1
OKCIICPUMEHTA CTPOKH n CTOJ'I6L[I>I MaTpHUIbl

IOJACBCUYHMBAKOTCA B CIIy'-IaI\/'IHOM TMOpAAKE, pCaKusaA Ha I3TU
HCOXHNIaHHBIC JJIA peCoOHACHTA IoACBCUMBaAHUA u
TIO3BOJISICT IIOHATH, KaKOMW CMBOJI 3arajiajl 9eJIOBEK.

CornacHo UCCIIEIOBAHUSIM HeWpoQH3n0I0TOB
OXXH/IaeTcd, HO He TapaHTHPyeTCs, YTO IOJCBEUMBAHHUE
LeneBoro cuMBoia Bei3biBaeT Ha D01 Bomny P300. Xota u3
oOyJaromei pa3MeTKH MbI 3HaeM, KOTJIa 3aropajics IeJeBOu
CUMBOJI, DKCIIEPUMEHT MO MOCTAHOBKE HE TapaHTHUPYET, 4TO
BO BpeMs BO3JeHCTBUS Bo3HHWKHeT BoiHa P300, omHako
MIaHC 3TOro coObITHs KpaiiHe BenuK. COOTBETCTBEHHO,
Mmozenns MO He monydaeT HH(GOPMAIMIO O HATMYUHN BOJHBI
P300 mampsimyro. OcHOBHas 33jada JaHHOM paboThI
3aKJIF0YAETCsl B MPOBEPKE THUTOTE3bI, 94TO Mozens MO Bcé-
TaKM CMOXXET caMa HaWTH (YHKIMOHAJIBHBIH IATTEpH,
KOTOPBIA HEMPO(U3NOTIOraM yKe U3BECTEH.
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CTouT OTMETUTh, YTO MEOULHMHCKUE JaHHBIE Kak
MIPaBWIIO WUMEIOT JOCTATOYHO IOAPOOHBIE CIIEIUpUKAITIH.
YacTo BMecTe ¢ JaHHBIMU HaXoAUTCs (haidil ¢ KOOpIAMHATAMHU
Ka)XJOro 3iekTpoja. VIMEHHO 3Ty TNPOCTPaHCTBEHHYIO
nH}OpMALMI0O MBI M XOTHM BKJIIOYUTH B HEHPOCETEBYIO
MOJIeNTb, YTOOBI MOBBICHTH €€ 00O0OIIAIONIYI0 CHOCOOHOCTS.
[MoauepkHéM, 4To Tpad cTpoHUTCS MO TPEXMEPHOMY OOBEKTY,
MpUHUMAas BO BHUMaHHE (opM-¢pakTop HeHpomHTepdeiica,
TI0 IByXMEPHOMY MHOT'000pa3HIo.

ITomumo YITydIIeHUS KadecTBa paboTHI
paccMaTpuBaeMoOM MOJIENU, UCTIONb30BaHUE apXUTEKTYpPhI Ha

OCHOBe TpadoB TMO3BOMINIO HaM TIONYyYUTH Ooee
HHTEpIpeTupyeMbie pe3ynbtatel. Kak ckazano B [3],
Hamnbonee WHPOPMaTHBHBIMA IJIEKTPOAaMHU B

3amuchIBaKoOIEM ycTpoiictse siBisitotes Fz, Cz, P3, P4, Po7,
P08, Pz u Oz. Ha Puc. 1 MBI MOKEeM 3aMETHUTh, 4TO 0a30Bas
apxXUTEeKTypa B HameM moaxone c(hOoKycupoBaga CBOE
BHUMAaHHWE JINIIb Ha TPEX anekrpomax Pz, Po7 u Po8. B to
BpeMs Kak rpadoBas HeWpoHHas ceTh Ha Puc. 2 cmorma
pacno3HaTh BCE BBIICTIEPEUUCICHHBIE AIEKTPOIbI, Kpome Fz
u Cz.

Cam rpad U1 TOCTPOCHHS MOAOOHOM Momenmn ObLT
MOJIYyYCH c [TOMOILIBIO TPUAHTYJISIHA JHenowne.
Hcnonp3oBanue ciydaiiHoro rpada cocenctsa yxXyIUINAIO
UTOTOBBIA  pE3yJbTaT, a TaKKe 3aTPYJHWIO  €ro
uHTepnperanuioo. TakuM 00pa3oM, MBI MOXEM OBITh
YBEpPEHBI B TOM, YTO MMEHHO joOaBieHUe rpada coceacTsa
YITYYIIINAIO HAYadbHBIA TOAXO/.

3. 3AKJIIOYEHUE

IIpennoxenHass  apXuTeKkTypa  HEWPOHHOM ceTu
MOOYepETHO NPUMEHSET QUIBTPHI K KaHAJaM W BPEMEHHBIM
MIPOMEKYTKAM Ha MCXOAHBIX JAHHBIX, BBIABISS TEM CaMbIM
BAJKHOCTb TEX WJIM UHBIX JJIEKTPOJOB HA IOJOBE 4YEJOBEKa
WJIX MOMEHTOB BPEMEHH BO BPEMs 3aIHCH.

Jlo6aBuB  OTIONHUTENBHBIA  TIpadoBBI  QUIBTP B
UCXOJHYIO  apXUTEKTypy, MBI  CMOIJIM  YJIy4IIUTb
0000IIAIONIYI0  CIOCOOHOCTH ~ MOJEIH, YTO  TaKKe

MOATBEPMIOCH Ha 3HAYCHHUSIX BECOB B IPOCTPAHCTBEHHBIX
¢buIbTpax ceru.

Mogens  caMOCTOSATENIFHO  BBIABWJIA  BaKHCHIIIHE
anektpoasl B 3anmcu DI, a takke choKycupoBaga CBOE
BHUMaHHE Ha e€ KIIOYEBHIX YYacTKaxX. TakuM o0Opas3om,
MOJIEJIb CAMOCTOATENIFHO HAYYMJIaCh BBIBIATH BOHY P300.

KauectBo pemrenus 3ama4 OMHAPHOU KIIACCU(PUKALMH U
Knaccu(UKaliyl CHMBOJIOB Cpa3y JKe OKa3ajloch Ha YPOBHE
Jy9IIUX pereHni us [2].

Puc. 1. Beca BXOJHOIO cj1051 HEHPOHHOM ceTH B 6a30BOM I10XO0/1E

Puc.2.Beca BXOIHOro cj0si HEHPOHHOW CETH TOCIE TNPUMEHEHHs
rpadoBoif CBEPTKH

BJIATOJIAPHOCTU

Pa6ota BeimonaeHa npu noanepxkke HOII MI'Y «Mosr,
KOTHUTUBHBIE CHUCTEMBI, UICKYCCTBEHHBIH HHTEIeKT», HNP
MI'Y 5.1.21, rpanta PO®U No. 20-01-00664.
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Application of Analytical Design of Aggregated
Regulators Method to Nutrient-Phytoplankton-
Zooplankton Models
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Abstract—The article discusses application of theory of
synergetic control to mathematical biology in the form of
Nutrient-Phytoplankton-Zooplankton models. Three
different objectives for the control function are considered:
achieving a predetermined phytoplankton population size,
achieving proportionality between phytoplankton population
size and quantity of the nutrients, achieving proportionality
between phytoplankton (prey) and zooplankton (predator)
population sizes. For each of the objectives an analytical
form of the control function is obtained.

Keywords— NPZ, ADAR, control theory, mathematical
biology, algae blooms, phytoplankton, zooplankton

. INTRODUCTION

One of the approaches to better understand and predict
algae blooms is the use of computer simulation. It can be
used to predict algae blooms and determine exact
conditions for the bloom to start, through the analysis of
analytical solutions of the system of differential equations.
It is based on mathematical modeling of the dynamics of a
water body, a formal description of the relationships
between various types of the living entities. One of the
well-known models for describing interactions between
phytoplankton (bloom source) and zooplankton (a natural
predator for phytoplankton) is the Nutrient-Phytoplankton-
Zooplankton (NPZ) model [1, 2]. Such models are derived
from a Lotka-Volterra system of differential equations
[3, 4]. In this article, the authors consider an NPZ-model as
a basic model for algae blooms.

Il. NPZ-MODEL

A. System of equations
dx
d_tl = ax, +bx, —cxX,

% =CX X, — dX2X3 —ax, 1)

dx
d_t3 = dx, X, —bX,

The NPZ model (1) is the most general model that
reflects the interaction of phytoplankton, zooplankton and
nutrients [5]. It is based on the general Lotka-Volterra
(predator-prey) model. Here X, X,, X, are the densities of

nutrition, phytoplankton and zooplankton, respectively.

I1l. CONTROL

We introduce control to the model (1) in order to
increase its robustness and make it more suitable for

Mark Polyak
Department of computer technologies and
software engineering
Saint Petersburg State University
of Aerospace Instrumentation)
St. Petersburg, Russia
markpolyak@gmail.com

describing complex processes in the aquatic ecosystem.
Control can be interpreted as an external action caused by
abiotic factors: changes in the flow of water, its chemical
composition, plankton migration and others. Thus, the
change in population density will occur not only due to
natural processes, but also due to other environmental
factors. Analytical design of aggregated regulators
(ADAR) method it used to add control to the NPZ model.
The advantages of ADAR are the physical interpretability
of the resulting control equation and its robustness [6, 7].

IV. NPZ-MODEL WITH CONTROL

A. Obijective: achieve a given phytoplankton population
size.

Let us formulate the first control objective — achieve a
given phytoplankton population size:

w(t)=x,(t)-x,
where X; is the target value of phytoplankton population
size.

Application of ADAR method allows us to add control
u to the model (1), so it takes the following form:

dd—);l:ax2+bx3—cx1x2+u

dx
d_t2 = CX X, — X, X, — ax,

& =dx, %, —bx,

0
u =—l//——ax2 —bx, + XX, +(:j—f

a cx; (t)

[—'/'T(t)Jr dx, ()X, (t)+ax, (t)J f,

- =40 @
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B. Obijective: achieve proportionality between
phytoplankton population and nutrient flow without
expanding the phase space

We use a different control goal to obtain a new
behavior of the system [8-11]. The new behavior assumes
an equilibrium state between phytoplankton and food at a
given ratio with a known maximum capacity of the
environment. New control objective is:

w(t)=%(t)+px(t)-q

Where p is the ratio and q is the maximum carrying
capacity. NPZ-based model with the new control objective:

dx,
d—tlzax2+bx3fcxlx2 +U
dx
d—tz = CX,X, — OX,X; — ax,
dx
d—; = dx,X, —bx, (3)
u :—l—i—axz—bercxix2
Al p
v (t)=%(t)+px(t)-q

C. Objective: achieving proportional populations of prey
and predator with the expansion of the phase space

The control objective applied in the previous section
was building a system regarding the proportionality of
phytoplankton and their diet. System with a new control
objective allows to consider the case of proportional
coexistence of phytoplankton and zooplankton:

v (1) =% (t)+rx(t)-q
A system with control according to the given objective
can be written as follows:

Z—?:ax2+bx3—cx1xz+u

dx
d—tz =X X, — dX,X; — X,

dx
d—: = dx, X, — bX,

U=—"——ax, —bx, +cxx, +
1

U/(I) d(p(t)
dt

—ff“0u+d(g&+xgg+ag]

do(t) [ T,

dt cx’

Xz(p(d (fx+x%1;) _bf3))

ox?

(—;/_/ +dX,X, + ax, — p(dx,X, — bxs)] f,

2

2
X,

_TK +dX,X; + ax, — p(dx,X; —bx;)

S
—~
—
~
]

~

(4)

V. CONCLUSION

Three models with control were produced for different
objectives depending on the required behavior of the
system. Numerical methods could be applied to the

derived systems of equations in order to find approximate
solutions, which we discuss in the full version of this
paper. Analysis of the phase-space and stable points in the
full version of the paper shows that it is possible to find
exact conditions under which the coexistence of
phytoplankton and zooplankton in the same habitat is
possible.

The first objective achieved by model (2) allows to
control phytoplankton population by changing the amount
of available nutrients. The model could be used to predict
the amount of nutrients required for a given phytoplankton
population size as well as to predict the time it would take
for the population size to stabilize at the given level.

The second objective achieved by model (3) allows to
explore the dynamics of phytoplankton dependency on
nutrients. It could be used to find phytoplankton
population size established in the ecosystem if a given
supply of nutrients is available.

The third objective achieved by model (4) makes it
possible to control both phytoplankton and zooplankton
populations through changes in the amount of nutrients
available to phytoplankton.

Application of control theory and ADAR method to
mathematical biology provides new ways to get insights
into the underlying processes of species interaction.
Numerical solutions of the derived systems of equations
with control allow, for example, to find exact conditions
for an algae bloom to take place.
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Abstract— Nowadays, the need to monitor the health status
of people is becoming more and more acute. However, there
are some non-standard situations when monitoring devices
cannot adequately register the signal. An example of such cases
are extreme conditions, due to the influence of various factors
affecting the person and the monitoring devices. In such cases,
the probability of violation of the examination process and loss
of data increases, resulting in low reliability of the data
obtained. Proceeding from this, the actual task is to develop a
wearable system of human monitoring in extreme conditions,
necessary for the timely control of human health.

Keywords— PPG, monitoring, Vital signs, extreme conditions

I. INTRODUCTION

Human health monitoring is one of the main tasks of
medicine, as registration of various biological signals allows
to make an assessment of human health and to observe the
adaptation reactions to various external influences or internal
processes. But medical monitoring is applicable not only in
everyday life and medical practice, also in various
emergency circumstances. These systems can allow a better
study of the body's response to such situations, as well as
timely provision of necessary assistance in critical cases
when a person is in a dangerous situation (for example, in
extreme weather conditions, as well as in various stressful or
dangerous scenarios). Therefore, in extreme conditions, it is
especially important to have a reliable and sufficiently
informative monitoring system to obtain up-to-date
information on the body's reaction to stressful situations.

Il. VITAL SIGNS

The initial stage of development of the device is a choice
of registered parameters of the person. In case of a portable
device for human monitoring it is necessary to choose the
minimum set of the most informative parameters of vital
activity of an organism. Despite all their advantages portable
systems have a number of disadvantages, for example such
systems have hardware limitations, in comparison with
stationary devices. That is why vital signs, which are a set of
4-6 signs indicating the state of the most important systems
of the human organism, will be used to control the user's
condition. In classical literature, such indicators are
considered: blood pressure, heart rate (HR), temperature,
respiratory rate (RR), which show the functioning of vital
body processes. If these vital signs deteriorate, the user
should be treated as quickly as possible.

I1l. SELECTED REGISTRATION METHODS

Since the majority of signals interact in various ways
with the human cardiovascular system, it was decided to use
the circulatory system as the main source of information for
further processing and filtering in order to minimize

hardware modules. Similar solutions were previously used in
developments [1] using the photoplethysmography (PPG),
and the accelerometer as the main modules for recording the
signal on the state of the body. To increase the reliability of
the obtained indicators, a neural network was developed to
reduce motion interference. A complex [2] based on
combined data acquisition by means of electrocardiography
(ECG) was also developed. Among the closest developments
in terms of the specificity of the task is the system [3], based
on the acquisition of ECG and electroencephalography
(EEG) signals, as well as the recorder of respiratory
movements. Nevertheless, the most part of developments is
directed on daily use, and it is necessary to make additional
researches for verification of use of the given technical
solutions in extreme conditions. The project [3] assumes the
possibility of use in emergency situations. For example, as a
monitoring system for the military, but this system is quite
bulky and involves the use of multiple devices, which
increases the likelihood of breakage or incorrect data due to
the complexity of the installation.

Researchers have also conducted studies to determine
blood pressure [4] and RR [5,6], which have been used to
develop methods for recording the human condition.

AAt a choice of methods of registration the estimation of
possible external factors influencing the person and on the
developed device which can be characterized by changes of
temperature, environment of stay of the person and the
reason of a stress reaction was carried out. For example, the
human got into water, the temperature of which is lower than
20 ‘C. When the body temperature decreases, there is an
outflow of blood from the body extremities, which worsens
the quality of the recorded signal and requires monitoring the
temperature of the person as such processes are indicative of
a dangerous situation for the person.

Existing analogs do not have the ability to monitor
human body temperature, as they are not provided for the use
of such cases. Therefore, when developing this device, the
following modules were chosen:

- PPG module (MAX30101 sensor), by means of which
pulse wave registration is performed, which is used to
determine HR, RR, saturation and arterial pressure;.

- Accelerometer (sensor ADXL345) is necessary to
control motion activity, and, taking into account the results
[1], helps to improve the reliability of the signal obtained
from the PPG sensor;

- The temperature module (AS6221 Sensor) is required to
register changes in human skin temperature for subsequent
PPG signal processing, as well as transmitting information
about the current state of the person.
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1V. APPROACHES TO MINIMIZE DISTORTION

When designing any ergatic biotechnical system, it is
necessary to take into account possible distortions caused by
various external factors, as well as peculiarities of system
operation. For example, factors affecting the effectiveness of
body condition monitoring should be considered:

- Motion distortions caused by movement of the device
due to muscle contraction in the area where the system is
attached [1] or movement of the user with the device loosely
fixed.

- Influence of temperature on the peripheral blood flow
[7], due to which the pulse wave parameters change.

- Additional factors affecting the PPG signal registration
[8].

Minimization of the influence of these factors is due to
the design and software solutions presented in the section of
the proposed solution.

V. THE PROPOSED SOLUTION

After selecting methods of signal registration it is
necessary to develop a structural diagram reflecting all main
functional parts of the product (elements, devices and
functional groups) and main interconnections between them.
Fig. 1 shows the structural diagram of the developed
complex of registration of parameters of human health in
extreme conditions, as a part of biotechnical system,
including the user and the object under study - a section of
the patient's circulatory system.

[
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Fig.1. Block diagram of the device for registering the parameters of human
condition in extreme conditions. 1) PPG module; 2) Temperature
module; 3)Accelerometer; 4) Microcontroller; 5) Bluetooth module; 6)
Electronic calculating machine (ECM)

The principle of operation consists in signal reception by
means of diodes emitting visible (green and red color light)
and infrared spectrum and registration of reflected emission
by means of photodiodes with further processing inside the
module. In parallel with recording of a photoplethysmogram,
motion activity is recorded using an accelerometer, which is
used to obtain information on changes of the person's
position in space. The temperature of the body surface is also
recorded using a temperature sensor. After that the data from
three sensors are transmitted to the microcontroller for their
pre-processing and transferring by means of the Bluetooth
module to the ECM, where the main calculations will be
carried out. To stop the module at the end of the data packet
transfer the device expects to check the receipt of a stop
signal from the computer.

After data transfer from the device to the ECM, heart rate
variability (HRV), saturation, respiratory rate is calculated.

The algorithm for determining these indices is performed by
calculating the first and second derivatives, determined from
the filtered PPG signal.

The transfer of calculations to an ECM is foreseen in
view of increasing the autonomy of the device activity and
subsequent development of a neural network for indirect
determination of systolic and diastolic pressure values using
existing data on pressure changes and trained on datasets
containing simultaneously recorded PPG signals with arterial
pressure, according to the method proposed in the study [9].

This device should be fixed in the forearm area of the
user with elastic bands to minimize motion interference.
Also, the designed corpus of the complex will be
hermetically sealed to avoid breakage of the system when in
contact with water and dust.

VI. CONCLUSION

In the course of this work the concept of portable
complex for human condition monitoring in extreme
conditions was developed, due to which HR, HRV, BP,
saturation, temperature is supposed to be registered.
Structural scheme and algorithm of the device operation
were proposed, considering possible risks of signals
distortion.

Further, a neural network will be developed for indirect
identification of systolic and diastolic blood pressure using
existing datasets containing simultaneously recorded PPG
signals with arterial pressure, according to the method
proposed in the study [9].
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Pacuet koapunrenTa nHTEpHEepEHIUN
MHOT'OAaTOMHOU MOJEKYJISIPHOU CTPYKTYpbl JJTHK
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Annomayua— B paHHoii paGoTe paccMaTpuBaercs
moiiekyjga JJHK kak o0bekT njsi Mcciael0BaHHUsA, CTPYKTypa
KOTOpPOro aaerT HHQOPMAIMIO, MHCHOJb3yeMYK B Pa3HbIX
00J1acTSIX 3HAHMS: MeJUIIMHA, Ouo0rus, Ouopusuka. B craTse
NMOKAa3aHAa  YNPOLIeHHAsi  MOJAeIb  MOJIEKYJbl, pacyer
Ko3(ppunreHTa HHTepP(pepeHuH.

Kniouesvie cnosa— nazepnvie umnyinvcol, moaexyna, /[HK,
CREeKmp u3iyuyeHus.

|.  BBEJEHUE

B nacrosiee BpeMs 0oJbIIoe BHUMaHHE MPHUKOBAHO K
W3YYCHUIO  CIOXHBIX  MOJEKYJSPHBIX  CTPYKTYp  C
UCIIOJIb30BAaHUEM YJIBTPAKOPOTKHUX JIA3ePHBIX HMITYJIbCOB
[1,2]. Dto cBA3aHO CO  CIOXHOCTSIMH  aHANW3a
MOJICKYJISIPHBIX ~ HECTAI[MOHAPHBIX  CTPYKTYp  JIPYTHMHU
crocobamu [3,4]. Meromsl M3 00IaCTH XMMHH, METOI
CisHrepa Hampumep, JalOT pe3yjbTaThl TOYHBIE, HO
HCCIICIOBAHWE  BENEeTCS  JOIT0 W TPYIO03aTpaTHO.
PenrtreHoBckoe o0JIydeHHE HE NIA€T TOYHBIX DPE3yJIbTaTOB.
VIMeHHO MO3TOMY ceifuac WCIIONB30BaHUE YIBTPAKOPOTKHUX
Ja3epHBIX MMITYJIbCOB 3aHHTEpecoBano yuenbix [5,6]. C ux
MOMOIIBI0 B  IEPCHCKTHBE BO3MOXHO HE  TOIBKO
OTpENEICHHE CTPYKTYphl MHOTOATOMHBIX OOBEKTOB, HO H
HCCIIe/IOBAaHHE MOJIEKYJISIPHBIX MpolieccoB B Hel [7,8], T.k
YJIBTPAKOPOTKUE MMITYJIbChI pabOTalOT B O4YEHb MaJOM
BPEMEHHOM  JIMalla30He, COOTBETCTBYIOIIMM aTrTo |
(dheMTOCeKyHIHOMY MacIITady.

[MpoGiema UCMOB30BaHUSI YIBTPAKOPOTKUX JIa3epOB
CeroNHs 3aKNIIOYaeTCs B IEPBYI0 OdYepelb B HEIOCTATKE
TEOPETHYECKOTo armnapara Jyisi HHTePIPeTaliy NOoTy4aeMbIX
9KCIEPUMEHTAIIFHO Pe3yNbTaToB. PacmmdpoBka crieKTpoB
B3aUMOJICHCTBHS YCIIOKHSETCS 0€3 TEOPETHYECKUX PacyeToB
mporecca OOydeHHsT MOJICKYJBI JIA3EPHBIMU HMITYJIECAMH.
CymiecTByIoT CIoCcoObI pacuéra B3aMMOICHCTBUS
UMIYJIbCOB C OJHOM MUINCHBIO, OJHHUM AaTOMOM HITH
MOJIEKYJION coOCTOsAIlEed W3 aToMOB OJHOro BemlecTtBa. Ho
€CTh  MOJICKYJSIpHBIE ~ OOBEKTBI, = WHTEPECHBIC I
MCCJICJIOBAHMUS U COCTOSIIUE U3 MHOXKECTBa aroMoB. Pacuer
B JAaHHOM CIy4ae YCJOXHSCTCS KOJMYSCTBOM AaTOMOB,
Pa3HOH 3JIEKTPOHHOW IUIOTHOCTBIO, NEPEU3IYYEHUEM U T.[I.
Takol 00BEKT MOKHO PacCUMTATh HA KAYCCTBEHHOM YPOBHE,
UCIIONb3Ysl METOJIbI MOJICIUPOBAHMS, 3a/iaBas KOOPIMHATHI
aToMoB, Bxomsaumx B cucremy [9,10]. Ho mms pacuera
CHCTEMBI, 33[]aBaeMOii MHOTOMEPHBIM 00BEMOM KOOpHMHAT
HE0OX0MMO OOJIBIIIOE KOJIMYECTBO BpeMeHH (OoJiee CyTOK).
Jlnst ymporieHuss HeoOXOIMMO OTOWTH OT HCIIOJIb30BaHUS
KOOpJWHAT U BBECTH AHAIUTHYCCKYIO (OPMYIy CIEKTpa
B3aMMOJICHCTBUS yIBTPAKOPOTKUX HMITYJBCOB ¢ OOBEKTOM.
OcHoBHast ~ cocraBisitomias  (GOpMyJbl  CHEKTpa — —
nHTEepPEePeHINOHHBIN (akTop. OH MEHIETCS B 3aBUCHMOCTH
OT MPOCTPAHCTBCHHOTO MOJIOKCHUS JICMEHTOB B CHCTEME.
Onucarh aHAJUTHYECKH €ro JUls MOJIEKYJbl peabHOH,
COCTOSIIIEH M3 MHOXKECTBa aTOMOB HEBO3MOXKHO. B manHOi
paboTe mpemaraeTcs yrporieHHas Moaeinb Moiekyasl JTHK,

C TIOMOLIBIO KOTOPOH B PACLIMPEHHOW BEPCUU CTaTbHU
paccuuThIBacTCsl MHTEp()epeHIMOHHBINA (QakTop.

Il.  OCHOBHAS UJES PABOTBI

B manHOW paboTe B KadecTBe OOBEKTa MCCICIOBAHUS
ucrnonb3yeM compans Moisekynasl JIHK, 310 ob6neruut
MPOLIECC PACCMOTPEHUS] ATOMHOM MOJENHU MOJIEKYJbI.
Hcnone3yem cnupans JHK, B KOTOpO# pacroyioxeHHBIE C
YEpCAOBAHUEM a30TUCTHIC OCHOBAHHSA IUTO3WMH U T'YaHUH
kak Ha Puc. 1.

Puc. 1. Cnupane wmonekynst JIHK, ob0mnydaemas yiabTpaKOpOTKHM
nasepHbM umiyiibcom (USP). Beimonuero B nporpamme Avogadro

CornacHo NPUHUUIY KOMIUIEMEHTapHOCTH, TOJILKO OHHU
MOTYT B3aHMOJICHCTBOBATh MEXIY COOOH, TakuM 00pazom
HaXOXJIEHUE PAIOM aJIeHUHAa W THMUHA HCKIIOYEHO.
[IpenmonoxxuM, 94TO Ha MOJIEKYJTy HaaaeT YIbTPaAKOPOTKHIMA
Jla3epHbIN UMITYJIbC KakK Moka3aHo Ha Puc 2. B sToMm ciryuae
Ha TYTH W3JIy4YCHHUsS HAXOJUTCS MHOXKECTBO aTOMOB,
00JaaroIX HEKOTOPOU CHUMMETpHEH U MEPUOIMIHOCTEHIO.
[TeproaAIHOCTL CTPOCHUST MOJIEKYJIBI TIO3BOJISIET YIIPOCTUTH
MOJIeJIb U IEPEUTH OT MHOTOAaTOMHOM CTPYKTYPHBI K CUCTEME,
cocrosiel u3 60yee MPOCTHIX MIEMEHTOB.
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Kaxmoe a30THCTOE OCHOBAaHHME MOJICKYJIBI COCAUHSACTCS
C TPOTHUBONIOJIOXKHBIM TPEMs BOJOPOJHBIMH  CBSI3SIMU.
Crmpans IHK cocrout u3 ocratka (ochOpHON KUCIOTHI U
MoOHocaxapuzaa. TakuMm 00pa3oM 3TH DIEMEHTHI BBIIOIHAIOT
BaXHYI0 (YHKIHIO, OHH «(POPMHPYIOT»  MOJEKYIY.
OcranbHBle aTOMBI W3 aHAJIM3a MOXKHO ONYCTHUTh. TaKuM

obpazom BHemmnHss uacte JIHK  mpeBpamiaercs B
nepuoAnYHBId  Habop  osmemeHroB Puec. 20 1 -
MOHOcaxapua+octarok  (GochOopHOH  KHCIOTHL, 2 —
BHYTPEHHSII  4acTh: aTOMbl  a30TUCTOTO  OCHOBAaHUS

y4acTBYIOIIME B BOJOPOIHOM CBSI3H.

Puc 2.. Ympouennas mopaens oguoro Butka cmupand JIHK. Atomsr,
y4acTBYIOIIHE B BOJOPOJHOM CBSI3U. CEpbIil — BOJIOPOJ, KPACHBIM —
KHCIIOPOJ, CUHUI — a30T

Jna  pacuera  cHEeKTpa  paHee  HCIOJNB30BalCs
uHTephepeHIHOHHBIN (akTop, monaydeHHblit padore [9,10]
).

2

dn(p)= Zei'pRa ()

3nece p — YJABTPAKOPOTKUI JIa3epHBI  MMITYJIbC,
NaJalolMid Ha MOJEKYJIApHYI0 CHCTEMY, a — aTOMBbI
cucreMbl, Ra— paanyc-BekTop aroma.

®opmyny (1) B pacmIMpeHHOW BEpCHH  CTaThbu

JopabaTbiBaeM, aroM  3aMeHseM Ha  JJIeMeHT W
paccMaTtpuBaeM 3JIeMeHTHI JByX copToB 1 m 2. OcrtanbHble
aTOMBI,  BXOIJIIME B  COCTaB  MOJICKYJIBI  HE
paccMaTpuBalOTCs, CYUTAEM, YTO B OTCYTCTBUH 3JIEMEHTOB |
U 2 OTCYTCTBYIOT M OCTallbHBIC DJIEMEHTHI, T.K. (yHKIHA
«COGIMHEHUWs»  He  BbIONHAeTca.  Pacyer  HOBoOro
HHTepPEepPeHINOHHOTO (hakTopa TMOAPOOHO TOKa3aH B
pacIlIMpeHHON BEPCUH CTAThH.

I1l.  3AKJIOYEHHUE

B Tesmcax ommcana waest HOBOTO YIPOIIEHHOTO pacyera
nHTep(EPEHIIOHHOTO (haKTopa Ul Cilydas MHOTOATOMHOW
MOJICKYJSIDHOH  CTpPYKTypel  mpu  oOxydeHHMH  ee
YIBTPAaKOPOTKUMH J1a3epHbIMU UMIyJdbcamu.  Ilokaszan
00BEeKT wWcchmemoBaHus — peanbHas wonekyna JHK u
najaromuid Ha Hee wummyisc. [locTpoeHa ympormieHHas
MOJIENTb HMICCIEAYyeMOH CHCTEMBI, Ha OCHOBE KOTOPOH B
pacIIUpeHHON BepcHUW CTaTbu OyAeT MPOBOAUTHCS BBIBOJ
dhopmynbl mHTEppepeHINOHHOTO (akTopa. [lanee maHHBII
BBIBO/] 6y,21€T HCIIOJIb30BaH JId MOACIHNPOBAHHSA CIIEKTPOB
paccesHusI.
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Annomayua—PaccMoTpeHsl  MPOGJIeMbl, BO3HUKAIOIIHE
npu pa3padoTke COBPeMEHHBIX POOOTH3MPOBAHHBIX CPEICTB
nepeBHKEHUs], YNPABJIsAEMBIX JUUAMH C OTrPaHUYEHHBIMH

BO3MOKHOCTSIMH. IIpoananu3upoBaHbI nepcrneKTHBHbIE
MeTO/bI yIpasJieHUsl MOOHIBHBIMHI WHBAJUIHBIMH
koasckamMu. C 1HeJbl0 MpeJoTBpPAallleHUs BO3HUKHOBEHHS

KPUTHYECKHUX CUTYallUil B mpouecce mepeIBHKeHUs JHI €
MHBAJIMAM3alHe PaccCMOTPeHbl CMOCOObI MOHMTOPMHIAa MX
cocrosinus. IlpeanoskeH KOMIIEKCHBIH MOAX0A Ha OCHOBe
COYeTaHUSI MeTOJ0B aliTpeKMHra W HeiipouHTepdeiica,
MO3BOJISIIOIIMI  MOBBICHTH  HA/IEKHOCTH  OHOYyNpaBJIeHUS
POOOTH3HPOBAHHBIMH MHBAJIMIHBIMH KOJISICKAMU.

Kniouegvie cnosa—Heiipounmepgeiic, anmpeKkune,
buoynpagnenue, pooGOMU3UPOGAHHAA KOJIACKA, MOHUMOPUHZ
COCIOAHUA, TUYA C OZPAHUYEHHBIMU 803MOICHOCINAMU

1. BBEJIEHUE

Pelenue 3a1a4, HAMPaBJIEHHBIX HA YIIYYIICHUE KAYeCTBa
KU3HU U COLMAIIM3ALMY JIML] ¢ UHBaJUAU3alUed Ha OCHOBE
COBepHIeHCTBOBaHI/ISI TCXHUYCCKHUX CpeI[CTB TIIOBBIIICHUSA UX
MOOHMJIBHOCTH KpailHe aKTyaJlbHO B COBPEMEHHOM MHUpE.
Oco0eHHOE Ba)KHOE 3HAYEHHE 3TO HMEET IS JIIOJEH ¢
HApYIUICHUAMH (YHKIUH OMOPHO-IBUIATEIBHOIO ammapara
[1] ¢ menpro moBbImIeHHs GE30MACHOCTH MX TEPEIBIDKCHHS
HA MOOWIBHBIX POOOTHU3MPOBAHHBIX KOJICKaxX ¢
COBpeMeHHLIMI/I Cpe}ICTBaMI/I praBHeHI/IH.

OcHoBHBIE npoOIIEeMBL, BO3HUKAIOIIHE npu
MEPEABIKEHNA  Ha POOOTH3UPOBAHHBIX  CPENCTBAX,
YIPaBISIEMbIX JIMIAMU C OTPAHHYCHHBIMH BO3MOXKHOCTSIMH,
CBsA3aHbI ¢ HU3KUM Ka4YE€CTBOM CHUCTEM YIIPABJICHHSA, a TAKKE
C BBICOKOH BEpOSITHOCTBIO BO3ZHHKHOBEHMS CTPECCOBBIX
CHTyaHHﬁ, KOTOPBIE MOI'YT BbI3bIBATH KPUTHYCCKHUE
O61o(M3HOIIOrMYECKNE COCTOSIHUS, B CBOIO O4YEpelp, elle
6oee cHIKAIOMUX YPHEKTUBHOCTH YIPaBIeHHS [2].

CoBpeMeHHBIC CHOCOOBI YIPABICHUS  WHBAIHIHBIMU
KOJISICKAMH BKJIIOYAIOT NPUMEHEHHE YeJIOBEKO-MAalllMHHOTO
uHTEepdeiica, OCHOBAHHOTO HA BOCIPHUATHH  TaKTIJIBHBIX,
pEeYEBBIX, JKECTOBBIX WJIM 3pUTEIBHBIX KOMaHa. B nocnennee
BpeMs B JIaHHOW OOJIACTH aKTHBHO pa3BHBacTCSI HOBOE
HampaBlieHHe, Oa3upyromeecss Ha NPUMEHEHUH METOJIOB
OuoympaBieHUs,  pabOTAlOIIMX  HEMOCPEACTBEHHO  C
CUTHaJaMM MO3TOBOM aKTMBHOCTH 4esioBeka. JlaHHBIN
moxxon (HedpouHTepdelc) MMeeT NPEHMYIIECTBA IIepel
JIPYTUMH BUJIaMH YEJIOBEKO-MAaITUHHBIX MHTEP(EHCOB, TaKk
KaK [IPUMEHHUM TP OOJBIITIMHCTBE BUIOB HHBATHIM3AIINH.

Poccutickuii buomexnono2uueckuil
YHU8epcumem
Mocksa, Poccus
pechenejik@mail.ru

OnHaKO  WCIOJNB30BAHHE TAKTWIBHBIX, PCUYEBBIX U
JKECTOBBIX METOZIOB  YIpaBJIECHUs pPOOOTHU3UPOBAHHOU
KOJICKOM HEBO3MOXKHO B CJIy4asx, KOr[a y deloBeKa
OTCYTCTBYIOT HeO6XOZ[I/IMI)IC JABUT'aTCIIbHBIC q)yHKI_II/II/I
[TosToMy Hanbonee MEPCIEKTUBHBIM SIBIISICTCS IPUMCHCHHE
aliTpekuHra u HelipouHrepdeiica.

C LETBIO MPEIOTBPAILCHUS BO3HUKHOBEHUS
KPUTHYECKUX CHUTYaIlUil B MPOIECCE TMEPEIBIIKCHHUS JIHIT C
MHBAIMAU3alME HeoOXomuMo oOecleueHue  BBICOKOM
HAJIC)KHOCTH  PACHO3HABAHMSA  CHUTHAJIOB  YIIPABJICHHS
pPOOOTU3UPOBAHHBIMU  KOJSCKAMH, YTO HE MOXKET OBbITh
00CeCIeYeHO KaXIbIM K3 PAcCMOTPEHHBIX METOJOB B
otaenpHoCcTH. Kpome Toro, TpeOyercs mpoOBeEICHHE
MEPMAHCHTHOIO  MOHUTOPHMHIA  COCTOSHHMS — JIAI[  C
HapylIeHussMH (QYHKIMH OMOPHO-ABUTATEIBHOTO alliapaTa B
mpoIiecce WX IEpPeIBIKCHHS. BakHOe 3HAYCHHE HMEET
TAK)Ke HCIOJIb30BAHUE HMHAWBHIYATU3UPOBAHHOTO IOX0/a
K HACTPOWKE M TECTHPOBAHHIO CHCTEMBI YMPABICHHS, YTO
MOXET OBITh O00ECHEYeHO TNPUMEHEHHEM  OOYYeHUS
oreparopa ¥ CHCTEMbI B BUPTyalbHOH PEaJbHOCTH 3a CYET
MO/ICJIMPOBAHUSI CTPECCOBBBIX CUTYAIMi IPU JBHKCHHU.

B  pabGore mpemiokeH  KOMIUIGKCHBIH  IOAXOZ,
OCHOBAaHHBI HAa TIPUMCHEHHH COYCTaHHsS OOYYCHUsS B
BUPTYaJbHOM PEalbHOCTH M METOJOB yINpaBiieHHA Ha Oase
aliTpekuHra u HelpouHTepdeica, MO3BOIAIONINN TOBBICUTH
KaK 3(QQEKTHBHOCTh, TaK W HAIECKHOCTb OHOYIIPABICHUS
POOGOTH3MPOBAHHBIMHI HHBATUIHBIMU KOJSICKAMHU.

2. METO/IbI U PE3YJILTATBI

OcCHOBOW 1eNOTr0 psAga COBPEMEHHBIX pa3paboTok
OuoynpaBisieMbIX B 00JIacTH POOOTH3MPOBAHHBIX KOJISICOK
aBiseTcs uHTepdeiic ¢ oToOpaxkeHneM HHGOPMAIMK Ha
MOHHUTOpPE, HWCIOJB30BAaHUE KOTOPOTO YMEHBIIAET YToj
0030pa U 3aTpyAHseT ynpasieHue. Pacrio3HaBaHue IIIa3HBIX
*ecToB 3((eKTHBHO Mpu pa3paboTke POOOTU3MPOBAHHOM
WHBAJINJHON KOJACKH, TaK KaK IO3BOJISIET OTKa3aTbCs OT
nHTEpdelica ¢ UCIoIB30BaHNEeM MOHHUTOpA [3].

OO000IIeHHBIN AJITOPUTM METOJ[a alTPEKHHTa BKIIOYaET
CIIEYIOIINE JTalbl: KATMOPOBKA alTpekepa CTaHIAPTHBIMU
anmapaTHO-NIPOTPaMMHBIMH ~ CPEJICTBaMH,  CUUTHIBAHUE
BUJICOKaMEpOil OTPaXKEHHOTO CHTHajla CBeTa ONMKHETO
MH(PaKpacHOr0 H3ITydYeHHUs, MOCTYMAIOIIET0 Ha 3padoK
UCTIBITYEMOTO, IPOTPaMMHO-AITOPUTMUYECKasi (priIbTparius
U KOPPEKLHUs OTKIOHEHUH Hisl ONpeAereHUs KOOpPIUHAT
TEKyIIET0 TOJOXXEHUS B3N, C YYETOM KOTOPBIX
MPOM3BOJUTCS YIPaBICHUE POOOTU3UPOBAHHOW KOJISICKOM.
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HenocraTox mpumeHeHus: MeToa allTpeKUHra 3aKII04aeTcst
B TOM, YTO MEpeJaBacMble YMPABILSIONIAM MEXaHH3MaM
napaMeTpbl HEeoOXOAMMO IOCTOSIHHO KOPPEKTHpOBAaTh C
MIOMOIIBIO OLIEHUBAHMS TOYHOCTH JAHHBIX O JBMKCHUH TI1a3
KOHKpeTHOro wucneityemoro. IIpy 3ToM Ha TOUYHOCTB
HU3MEpPEHMsI KOOPAMHAT IOJIOKEHUM B3IUIAJla aUTPEKEPOM B
peXHUME pPEeaNbHOTO BPEMEHH CYIIECTBEHHOE BIIUSHHE
OKAa3bIBAIOT PA3IIMYIHBIC TUIIBI IOMEX U CIyYaiHBIX COOBITHH.

B HacTosimiee BpeMs B MHpE AaKTUBHO BEAyTCS
pa3paboTku  mHTep(eiica MO3r-KOMIBIOTEpP, peaTn3arys
KOTOPOTO JIOCTATOYHO CJIOKHA TEXHUYECKH U TpeOyeT
JUIMTEIbHON MHANBUYAIbHON HACTPOMKU U TECTUPOBAHMUSL.

V3BecTeH  MHOTOKAHANBHBIA ~ METOA  YIpaBJICHHUS
MOOMIIBHOH  pOOOTH3MPOBAHHOW  KOJSCKOW,  KOTOPBII
peanu3yeT paciupeHHbIH HHTEP(EHCc MO3r-KOMIBIOTEp, PH
3TOM CHCTEMa YINpPaBICHUS IOCTPOCHAa Ha IapaulelbHOMN
paboTe He3aBHCHMBIX KaHaJoB (HelpouHTepdeiic, peyeBoe
U KecToBoe ynpasieHue). OIHAKO B CIOXHBIX CHTYaIHUIX
JAHHBIA TOJX0J] MPUBOAUT K BO3HHKHOBCHHUIO «KOH(MJIMKTA
HHTEPECOB» BCJIEACTBUEC HEBO3SMOXKHOCTH OJIHOBPEMEHHOIO
BBITIOJTHCHUA HPOTUBOIIOJOKHBIX KOMaHJ M3 HCCKOJbKHUX
KaHanoB. [ pa3penieHus TaKNX KOH(QIIUKTOB HCIIOJB3YIOT
METO/IbI COTJIACOBAHHOTO YIPABICHHUS M JCKOMITO3UIIUK HA
0a3e OLICHKH KayecTBa yIPaBIIIOMINX KaHAJIOB.

IIpennaraercs KOMIUIEKCHBIM MOAXOJ, OCHOBaHHBIA Ha
COTJIaCOBaAaHHOM HNPUMEHCHUUN Bbl6paHHbIX ABYX Han6onee
MEPCIIEKTUBHBIX METOM0B OWOYNpPaBICHHUS WHBAJIHIHOU
KOJISICKO#, a IMEHHO, aiiTpeKUHIa 1 HelpouHTepdetica, npu
3TOM KOMaHJABl OO TOATBEPXIAOT APYT Apyra, 00
HCIOJIb3YETCS TOJIBKO TOT U3 KAaHAJIOB, KOTOPOMY CHCTEMa
00pabOTKN yNpaBISIONIMX AAHHBIX BBIJAET HMPHOPUTET B
KOHKPETHBII MOMEHT BpeMeHH. TakuMm o0pa3oMm, Haxe B
Cllydae MOSBICHUS NPOTUBOPEUUBBIX KOMaHJ MOJIb30BATENS,
C TIOMOUIBIO MPEJIOKEHHOTO TMoaxoJa 00ecrednBaeTcs
BBICOKAs HAIEKHOCTb YIIPABIECHUS KOISACKOI.

B  pamkax  [aHHOTO  KOMIUIEKCHOTO  MOJAX0]a
pa3pabaTeIBalOTCS OPUTHHAIBHBIC aNTOPUTM M METOAWKA
HACTPOWKHU IapaMeTpoB HelpouHTepdeiica U TeCTHPOBAHHUS
CUCTEMBl  YNpaBJIEHUS  KOJSICKOW, OCHOBaHHbIE  Ha
WCTIONB30BAHUM  OYKOB  BHUPTYaJIbHOM  PEAJIbHOCTH U
MOJICIIMPOBAHUH PA3IMIHBIX TOPOKHBIX cutyaruii (Puc.1).

Puc. 1.TIpumep creHsl BUPTyaldbHON pEaTbHOCTH I OOYYEeHHs JIMII C
HapyIICHUAMH OTIOPHO-/IBUTATEIbHON aKTHBHOCTH

Pe3ynbTaTtel 3KCIIEpUMEHANIbHON OLEHKU I1apaMeTpOB
JIEKTpOdHIeaiorpaMM  TIPM  Pa3IMYHBIX ~ CTPECCOBBIX
CHUTyaIMsAX B TpyIIe 0OCIeIyeMBIX JIUI C WHBAJIUIHOCTBHIO

MOKa3bIBAIOT, 4YTO HAWOOJBIIME 3HAYEHHS OTHOLICHWH
CpeIHUX 3HAYEHUH OTKIOHEHMH MOUIHOCTM  CHUTHaja B
KaTeropusix «CTpecc\IoKoi» oOHapyKUBAIOTCS B ACNbTa- U
Oera-puTMax BJEKTpodHIE(amorpaMMel. TakuM o6paszom,
Juisi OMOyNpaBieHUs B LEIOM, | JUI1 WHAWBHIYAJILHOH
HACTPOHKHM ¥ TECTHPOBAaHHWA pPabOTHI HelpouHTepdetica
1enecooOpa3sHo  BBIOMpaTh ~ MMCHHO ~ 3TH  KaHAJBI
snektposHedanorpammsl (D3I).

Bo3HHUKHOBEHUE KPUTUYECKUX OTKIOHEHHUU 3II0OPOBBS Y
JUI ¢ WHBAJMIU3AIMEH B IIpoliecce MX INEepeNBIKCHHUS Ha
MOOWIIbHBIX KOJIICKAX MOXET TPHUBECTH K aBapUHHBIM

CHTyalWsiM, C  IeNbI0  IPEJOTBPAIICHHS  KOTOPBIX
MPOaHaJIM3UPOBAHBl CIIOCOOBI MOHUTOPUHIA MX COCTOSHHS
W BBIOpaHO cremyomee OOOpyIOBaHHME: CMapT-4achl

«Mason A4100» [4], obecrednBaroIiie MOHHTOPUHT
apTepHANbHOTO [aBICHHS, U3MEPCHHE W KOHTPOIb IIyJbCa,
CIIe)KEHHE 3a JABIXaHUEM H CTPECCOM, a TaKKe 8-KaHATbHYIO
rapuutypy «Hetiporeit-8S» [5] ans Guoympasnenus B
pexuMe «uHTepdeiic MO3r — KOMIOBIOTEPY» M MOHHTOPHHIA
BHUMAaHUS MPU 00yUYeHUH aiiTpeKuHry [6].

Bompocsl IpakTUYeCKOl pealu3alid TaKuX CUCTEM
IMINPOKO OOCYKMAI0OTCs B MHupE. AHAlN3 JOCTHXECHHH B
JaHHOW cdepe TOKa3ajd MEpCIEeKTHBHOCTh Pa3padOTKH
HUHIUBUIYaIIbHOTO MOJIb30BAaTENBCKOr0 uHTepdeiica,
KOTOpBIII MOXET OBITh HCIIOJB30BaH KaK JUIi YacTHOTO
HCIONB30BaHMUsl, TaKk M JUI1 COIVIACOBaHUs I1apaMeTpOB
KOHKPETHOTO 4YENOBEKa C CEPUHHBIMH  yCTpPOHCTBaMH
YHUBEpCAJbHOIO THMA, C MHOTOYPOBHEBOM HAcCTpOHKON Ha
6a3e TeXHOJIOTHH alANTHBHOTO MIPONU3BOJICTBA.

3. 3AKJIIOYEHUE

Be1Opanb! criocoObl MOHUTOPHHTA COCTOSTHHS 30POBBSI B
mpolecce  MEPEeBIKEHHs JIUL C HHBAIWAW3ALUEH I
MPEOTBPAIIEH!s] BOSHUKHOBEHUS KPUTHYECKUX CUTyaIui.
[IperioskeH KOMILIEKCHBIM MOAXOJ HAa OCHOBE COYETaAHHS
METOJIOB aWTpEeKMHTa U HeHpouHTepderica, MO3BOJISIONIHMIA
MOBBICUTh HAJISKHOCTh OHMOYNpaBiIeHHS  MOOWIBHBIMHU
MHBAJIUIHBIMH KOJSICKAMH, B XOJI€ KOTOPOTO ITOCTOSIHHO
OTCIIS)KMBAIOTCSI W aHAIM3HPYIOTCS  OModu3udeckue
napaMeTpbl, a mnpu OOHapykeHWH (AKTOB KPUTHYECKUX
COCTOSIHUI aKTUBU3HPYETCSI MEXaHU3M TOPMOKEHHSL.
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Auto- and cross-correlation patterns in the diagnosis
of obsessive-compulsive disorder using
electroencephalogram analysis
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Abstract—In this work auto- and cross-correlation patterns
in the diagnosis of obsessive-compulsive disorder are
investigated. Analysis of electroencephalograms was made by
the author's method: Memory Functions Formalism. For
autocorrelations, the subject of the study was the non-Markov
parameter. The most informative electrodes were found for 30
subjects, in which the greatest difference was observed between
the non-Markov parameter for the group of patients and
conditionally  healthy people. For cross-correlations,
synchronization effects were investigated, which were
significantly different for the patients and conditionally healthy
group. The results obtained will be of interest to sciences such
as data sciences, computational biophysics, physics of living
systems and psychiatry.

Keywords—time  signal  analysis, living  systems,
electroencephalogram, memory function formalism, diagnostic,
obsessive-compulsive disorder

l. INTRODUCTION

The human brain is a subject of study for such sciences
as complex systems physics and intelligent analysis of
biomedical data. This is because random processes can occur
in the brain, which may have Markovian or non-Markovian
behavior. A non-Markovian process is characterized by
system memory: the future state of the system depends on its
previous states. In brain physics, individual regions can be
investigated for non-Markovian processes [1]. For this
purpose, we used the author's methods for analyzing time
signals: Memory Functions Formalism (MFF) [1, 2].
Initially, the MFF was developed to study nonequilibrium
processes in multiparticle physical systems, and later it was
adapted to analyze the discrete-time dynamics of complex
systems of non-Hamiltonian nature.

This paper examines the electroencephalograms (EEG) of
people suffering from obsessive-compulsive disorder (OCD).
This disorder is characterized by obsessive thoughts —
obsessions, which the person tries to cope with by repeating
certain actions — compulsions. Historical methods are used to
diagnose OCD, which includes information about the
duration of OCD symptoms, decreased quality of life and
resistance to symptoms. These criteria do not provide
qualitative information about the variety of obsessions and
compulsions, which is a disadvantage of these methods. For
example, such a method is the Yale-Brown scale. It includes
10 points, of which 5 are used to assess obsessions, and 5 for
compulsions. The total score determines the OCD severity.

Like other psychiatric disorders, OCD symptoms cause
abnormalities in the brain that are hard to distinguish from
abnormalities caused by other disorders. In addition, it is
difficult to distinguish between these disorders. Therefore,
electroencephalographic clinical studies and corresponding
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Kazan, Russia
serge_demin@mail.ru

Oleg Panischev
Institute of Physics
Kazan Federal University
Kazan, Russia
opanischev@gmail.com

methods of processing digitized EEG signals hold out hope
for solving the problems of diagnosing OCD and increasing
the objectivity of diagnoses.

Il.  EXPERIMENTAL DATA

The work involves an electroencephalographic analysis
of 30 subjects. They are divided into two groups of 15 people
each. The first group is people with high manifestation of
OCD-symptoms. The second group is people with weak or
no OCD symptoms. Sixty-four EEG channels were
continuously recorded with active scalp electrodes according
to the expanded international «10-20%» electrode placement
system.

Electroencephalograms were taken under the influence of
expression stimuli. Stimuli were four positive and four
negative sentences written in the first person, with a blank
space for name insertion, e.g. “I hope that wins the
lottery soon”, and “I hope that becomes seriously ill
soon.” The order of presentation of the sentence stimuli was
randomized across participants. Each trial began with the
presentation of a sentence stimulus on screen. Participants
then closed their eyes before repeating the sentence aloud,
inserting a name from their list of family and friends [3, 4].

The data were obtained through an international

collaboration with Joydeep Bhattacharya.

Ill.  RESULTS

Within the framework of the MFF a significant spectrum
of analytical characteristics and parameters can be calculated
directly from the initial time signals: orthogonal dynamic
variables, phase portraits of combinations of dynamic
variables, correlation functions, frequency dependences of
correlation functions, measures of statistical memory, kinetic
and relaxation parameters. The MFF implements procedures
for localization of individual parameters to study local
features of time signals. In the present paper, we do not touch
upon the main provisions of the MFF, but only dwell on
some of the results obtained.

In particular, differences in the manifestation of statistical
memory effects in the dynamics of time signals of
representatives with strong and weak levels of OCD
symptoms were established. The non-markness parameter
allows us to compare relaxation times and statistical memory
times in the studied dynamics. We performed a comparison
of the average values of the non-markovance parameter for
the electrodes of the representatives of both groups.

When examining the non-Markov parameter for auto-
correlations, the most significant electrodes were identified:
F7 and Fpz (Fig. 1).
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Fig. 1. Spatial diagram illustrating the differences in the manifestation of
statistical memory effects for representatives with different levels of
OCD-symptoms manifestation

High OCD

o™,
L

Fig. 2. Window-time behavior of the power spectrum of the time
correlation function calculated for subjects with different levels of
OCD manifestation

Within the framework of the MFF, expressions for the
time correlation functions (TCF) and statistical memory
functions, as well as their frequency dependences, are
determined. As an example, we present the power spectrum
of the initial TCF for representatives of two groups. We
obtained local deviations of the main frequency peak with
strong OCD symptoms and its stability with weak OCD
symptoms (Fig. 2).

To study the effects of synchronization, a cross-
correlation coefficient was calculated for all electrodes from
both groups.When examining the effects of synchronization,
the following results were obtained: for people with high
manifestation of OCD-symptoms, synchronization on the
short-range path is characteristic, and for people with weak
OCD-symptoms, synchronization appears on the long-range
path (Fig. 3).

Fig. 3. Schematic representation of the ranges of strong phase

synchronization at high OCD (left column) and low OCD symptoms
(right column)

IV. CONCLUSIONS

In the present paper, we present preliminary results of
the identification of auto- and cross-correlation patterns
from the analysis of EEG signals of the subjects with
different levels of manifestation of OCD-symptoms. Within
the framework of the memory function formalism, we found
differences in the manifestation of statistical memory
effects, spectral behavior, as well as the nature of cross-
correlations of the signals under study.

Our further plans relate to more detailed study of
autocorrelations and effects of synchronization of the
specified signals for establishment of objective diagnostic
criteria of obsessive-compulsive disorders, and also other
boundary conditions of the person [5]. The results obtained
will be of interest for computational biophysics, physics of
living systems, evolutionary psychology, and psychiatry.
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HccnenoBanue METOA0B MAIIMHHOTO OOYYEHHMS IS
IIPOTHO3UPOBAHUS UHCYJIBTA
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B smou cmamee  pacCMAmMpPUEArOmMca  Memoosl
npoznosuposanus  uncynema.  Bviio  noxaszano,  umo
cyuwiecmeyiom pasnele Memoosl peuienus npoonemsl. B cmamoe
nPeOCcmasiieno OnuUcanue Memooos MAUUHHOZ0 00yueHuUs Ois
NPOZHO3UPOBAHUA  GEPOAMHOCHIN  DA3GUMUS  UHCYIbMA.
Cucmema nozeonsem nposecmu  ObICHPYIO  OUAZHOCHUKY
0aHHO020 3a0071€6AHUA HA OCHOBE MAI020 KOJIUYECMEA 6XOOHbBIX
napamempoe.

Kniouesvle cnosa— Hneiipocemn, memod K-onusicaimiux
coceoeil, NPOZHO3UPOGAHUE, CUCHIEMA, CIIYUAIHBIIL J1ec, Menoo
ONOPHBIX 6EKMOPO8, OUAZHOCHUKA 3A00/1€6aAHUTL

1. BBEJIEHUE

[Ipobnema MHCYIBTA B MOCHEAHUE TObI CTAHOBUTCS BCE
Oomee axTyampHOH. EkerogHO B MHpe MO3TOBOH ymap
Hacturaer Oosiee 15 miuH udenoBek. B Poccun kaxmbiii rof
peructpupyercs Oomee 500 THICSY cIOydaeB  OCTpPBIX
HapymeHWH  MO3TOBOrOo  KpoBooOpameHus.  HHCynpT
MOJIOZIEET B mocieAHue rofsl: He MeHee 20% HapyleHuit
KpOBOOOpaIieHns OTMe4aroTcss y OOJBbHBIX MoJoxke 50
ner[1].

ITo HCCIIEIOBAHNAM Bcemupnoit OpraHu3alyuu
3apaBooxpanenust (BO3) HHCYIBT 3aHUMAET BTOPOE MECTO B
MUpE CPe/iv MPUYNH CMEPTHOCTH [2].

IIpenynpexneHue pa3BUTHA HHCYJIbTA IPEACTABISIECTCS
OJTHOW M3 BaKHBIX KIMHUYECKUX 3a]1a4 TEKYIIECTO BPEMCHHU,
KOTOpO€ HeOoOXOMUMO pemaTh B YCIOBHAX BBICOKOM
3arpy’KeHHOCTH  CIIEUUAIM3UPOBAHHBIX CTAllMOHApOB U
neduIuTa CreruaiIucToB.

Lenpro nanHOW paboTHI ABISETCS Pa3padOTKAa MOJIEIH,
CIOCOOHOHM TOCTAaTOYHO OBICTPO M TOYHO BBISBISATH PHCK
Pa3BUTHA UHCYJIbTa HA OCHOBE MaJIOTO KOJIMYECTBA BXOIHBIX
apaMeTpoB.

2. METO/IBbI PEAJTU3AIIIA

B coBpeMEHHOH MEIMIMHE MPUHATO IPOBOIUTH
KITaCCH(UKAINIO WHCYIbTa MO TaKUM [apamerpaM, Kak
MEXaHH3M  HAapyIICHUs  KpOBOOOpalleHMS, MPHYUHBL,
BeI3BaBmiMe 9710 Hapymenme u ap [3]. K ocHOBHBIM
(bakTopaM pHCKa pa3BHTHS HHCYJbTAa, KOTOPHIE MOXKHO

paccMaTpuBaThb OTHOCHUTCIIBHO BCEX BHUI0B JaHHOTO
3a00JI€BaHUs, TPUYUCIAIOT BO3pPACT, IIOJ, KypCHHE,
caxapHbli JuabeT (OUarHOCTUPYETCS Ha  OCHOBAaHUH

B.A. l'apadytaunos
Kazanckuii Hayuonanvhwlil
UCCIe008AMeNbCKUl MeXHUYeCKUll
yuusepcumem um. A.H. Tynonesa
Kasans, Poccus
fenefO@gmail.com
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Kazanckuii Hayuonanvuwlil
UCCe008amenbCKull. MexXHUecKull
ynusepcumem um. A.H. Tynonesa
Kasans, Poccus
Daragrigoreva@icloud.com

CpPEeIHEr0 ypOBHA TIJIIOKO3Bl B  KpPOBH), OXHpPEHUE,
3aboneBaHus cepaua, crpecc. ViMeHHo 3TH (hakTOpsl OyayT
UCIIONIb30BaThCS U1l O0TOOpa NMPHU3HAKOB IPHU TOCTPOCHHU
HEHUPOHHOM CETH.

IIpobnema oOydueHUsI Ha HecOATaHCHPOBAHHBIX NAHHBIX
SIBJISIETCSl  JOCTATOYHO PACIPOCTPAaHEHHOM TeMOM 1
uccinenoBannid  mocieAnux et [4]. Hamwume gaHHOM
mpobnaeMbl OBIJIO YUYTEHO MPH CO3JAHUU ApXHUTEKTYpPbI
HeHpoHHOH  ceTH.  D(PPEKTUBHOCTH  HCIIOIH30BAHUI
HCKYCCTBEHHOT'O MHTEJUICKTa TPHU OLCHKE PUCKA Pa3BUTHSA
CepICYHO-COCYAUCTRIX 3a0oieBaHnil ObUTa OOOCHOBaHA B
paborax [5-7].

Takum 00pa3om, Ul IPOEKTHPOBAHUS CHCTEMBI OBUIH
UCTIONB30BaHbl  CJIEAYIOIIME  BXOJHBIE  MapaMeTpBl,
OLICHMBAIOIIE COCTOSIHKME aAnarHoctupyemoro: X1 — moin (0
— JkeHCckuH, | — Myxckoi) , X2 — Bo3pacT, JieT, X3 —
Hammaue runeproHnd (0 — Her, 1 — ma), X4 — Hamuune
CeplIeYHO-COCYTUCThIX 3a0oneBanuii (0 — Het, 1 — ga), X5 —
(akt Berymuienus B Opak (0 — He Berymam(a) pamee, 1 —
BeTyna(a)), X6 — tum npodeccnonansHol nesrensHocTH (0
— roc. ciryx06a, | — oTcyTCcTBHE OIBITa paOOTHI, 2 — YaCTHBIH
MpeaNpHHAMATENb, 3 — CAMO3aHATHIH, 4 -pebeHok) X7 — Tul
Mmecra npoxuBaHus (0 — 3aropoxHas Tteppuropus, 1 —
ropox), X8 — cpeTHUH ypOBEHb INTIOKO3bI B KPOBH MALMEHTA,
Mr/mt, X9 — UMT, kr/m?, X10 — oTHOIIEHHE K kypenuro (0 —
6pocun(a) KypuTh, 1| — HuKOrma He Kypui(a), 2 — Kypur).
Leneas nepemennas: D1 — mnepeHeceH 1M HMHCYNbT, —
npuHAMaeT 3HaueHuss oT 0 g0 1, COOTBETCTBYIOIIHE
BEPOSTHOCTH PA3BUTHUS MHCYJIbTA I THarHOCTHPOBAHHOTO,
MIPEJICTABICHHOM B JECATUIHON opMe.

Jist 00ydeHHs MO MHOYKECTBO OBLIO pa3zielicHO Ha
oOyuyaromiee u Tectupyromee B cootnomenud 80% u 20%
COOTBETCTBeHHO. Br10opKka cocrout n3 5100 HaOmoaeHUI U
B35Ta U3 OTKPBITHIX HCTOYHUKOB (WWw.Kaggle.com).

A . Memoo K-6ruorcarimux coceoeii

Meron K-Ommkailimux —cocemeil  MCMOJB3yeTcsl ISt
perirenust 3aqaun Knaccudukarmu [8]. OH OTHOCHT 0OBEKTHI
K KJIaccy, KOTOpPOMY NPHHAJUISKUT OOJIbIIee KOJMYECTBO U3
k ero Gmmkaitmmx cocemeit. J[yust ynydiieHus: pe3ysibTaToOB
KiIaccuUKaluMy  BBOAAT  B3BEIIMBAHHE IPUMEPOB B
3aBHCHUMOCTH OT MX YAaJIEHHOCTH.
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I
Q= —
] 2
iz D°(x,a;)

rae D — omepaTop BBIYMCICHUS PACCTOSHUS, X — BEKTOP
MIPU3HAKOB KIACCHPHUIIPYEMOTO OOBEKTA, a,; — | -it mpumep

j -To xmacca. Tounocts knaccuopukaropa K Ommxaifmmx
coceneii cocraBisgeT 94,5 %.

B. Jlec cnyuatinvix pewteruii

Jlec cimyuyaillHBIX pELIEHUN peanu3yercss Tak: IIyCThb
oOygaromasi BbIOOpka w3 N 00pasmoB, pa3sMEpHOCTh
IIPOCTPAHCTBA IIPU3HAKOB paBHa M , u 3amaH mapamerp M
KaK HEMOJHOE KOJMYECTBO TPH3HAKOB ST OOyUYEHUSL.
Haubonee  pacmpocTpaHEHHbBIH  CIOcOO0  MOCTPOEHHUS
epeBbeB aHcaMOusi- OarruHr. I[Ipowcxonwt TeHepanwus
CilydaiiHoii ToBTOpHOI mOmBBIGOpKH pasmepom N u3
oOyuaromeil BbIOOpku. CrTpouTcs pelaromiee Jepeso,
Knaccupunupyromee  00pa3mbl  JaHHOH — MOIBBIOOPKH.
JlepeBo cTpouTCs 10 MOJIHOTO UCUEPIAHNS IOABBIOOPKH.

TouHOCTh MeTOJA CIy4YalHbIN JIEC PELIEHUH COCTABISET
99%.

C. Memoo onopruix sexmopos (SVM)

Meton omopHBIX BeKTOpoB (SVM) — oauMH M3 caMbIX
MOMYJIAPHBIX aJTOPUTMOB OOYYEHHS C YYUTENEM, KOTODPBIH
UCIIONB3YeTCsl Kak Julsl 3ajad KJIAcCU(PHKAlMW, Tak M Ul
3agau perpeccud. lLlenp amroputma SVM  — cosnath
HAWTYYIIyo JIMHUIO WIM FPaHHUIy PelIeHHs, KOTopas MOXKeT
paznenuts N -MepHOE MPOCTPAHCTBO Ha KIACCHI, YTOOBI MBI
MOIJIM JIETKO TIOMECTHUTH HOBYIO TOYKY [JaHHBIX B
NpaBWIBHYI0 KaTeropuro B OyaymeM. OTa TpaHHLA
HAWTy4IIeTo PEIICHNs] HA3bIBACTCSI THIIEPIIOCKOCTBIO.

B mpoctpancTBe R" ypaBHEHHe
(w”,X7)Yb=0

IpU 33J@aHHBIX @ W b OmpenensieT THHEepIUIOCKOCTh —
MHOXECTBO BEKTOPOB X~ =(X,,...,X,) »  HPUHAICKALHX
IIPOCTPAHCTBY MEHbIIEH pa3MepHocTH R". Hampumep, mmst
R' rHMNepIUIOCKOCTBIO SABJISETCA TOYKA, a s R? -npsmas,
s R® - mockocte. [lapamerp @~ ompeznenseT BeKTOp
HOpMaJIM K TMIIEPIUIOCKOCTH, a YePe3

b
Nal

BBIPAXKAETCS PACCTOSHUE OT THIEPIUIOCKOCTH JIO Hayaia
koopauHaT. TOYHOCT  METOJ@  OMOPHBIX  BEKTOPOB
cocrasnser 99% [9-10].

D. Memoo Gradient Boosting

Gradient Boosting cocTOMT ¥3 Tpex OCHOBHBIX
KOMIIOHEHTOB:

Ponb ¢GyHKIMM MOTEph 3aKIOYAETCS B OIEHKE TOTO,
HACKOJIBKO XOPOIIO MOJIENb JIENAeT MPOrHO3bI ¢ 33IlaHHBIMU
JMaHHBIMH. DTO MOXET BapbUPOBATHCS B 3aBHCHMOCTH OT
npobaembl. Hanpumep, eciin MBI IbITaeMCsI IPEICKA3aTh BEC
YeIOBEKA B  3aBUCHMOCTH OT HEKOTOPBIX  BXOJHBIX
MEepPEeMEHHBIX (3amaya perpeccuu), To (QYHKIHA HOTEPh
MOMOKET HaM HAWTH pasHHUIy MEXKIy TPEICKa3aHHBIM
BECOM M HaOmogaeMbIM BecoM [11].

To4yHOCTH METO/1a OTIOPHBIX BEKTOPOB COCTaBIsIET 97%.

W3yuuB ueThipe MeTONa pealM3aldy HEHPOHHOW CETH I
MPOTHO3UPOBAHUST UHCYJIbTA, ObUT BBHIOpAH METOJ OMOPHBIX
BekTopoB SVM.

Tabauna 1. TOYHOCTb METOJIOB OBYYEHMU S
Meton TounocTh MeToxa %
k-Gmmkaiinmx coceneit 94.5%
Jlec peruenuit 99%
Meton onopHBIX BeKTopoB SVM 99%
Gradient Boosting 97%
3. 3AKJIIOYEHUE
B  namHOi  pabore  OBIT  TpOBENEH  aHAIH3

CYIICCTBYIOIMX METOIOB IPOTHO3UPOBAHUS HHCYINETA,
TIPEIJIOKEHBI Pa3IMYHBIe METOABI MAIIMHHOTO OOYYEeHUS W
BbIOpaH Hambojee omTUManbHBIA MeTon. Jlamee ObLn
MpoBeJeH OTOOpP MPU3HAKOB C TIOMOIIBIO Pa3IUYHBIX
METOJIOB M OBUIM TOJIy4EHBI DPE3yJbTaThl OOy4YEeHUs MO
KaXIOMy MeTony. beul BeIOpaH Hambojee ONTHMAJbHBIMN
METO/I HUCKYCCTBEHHOU HEUpOHHOU cetu s
HpOFHO?;I/IpOBaHI/I)I I/IHCyJ'H)Ta METO OHOpHI)IX BeKTOpOB
SVM.
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Annomayua— B paGore paccMOTpeHBI  BOIPOCHI
noBbIleHUs! I(PPEeKTHBHOCTH  CKPMHUHIOBOH  CHCTeMBbI
HEHHBA3UBHOH 3jekTpokapauoaunarnoctuku (CHIK/) Ha
OCHOBeE perucrpanun MHOKeCTBEHHBIX oTBeIeHUi
ektTpokapauocurnana (IKC). IlpeanoxkenHbie cmocodobl u
cpeacrBa oopadorku IKC, no3Boasiiomeii 00j1ee 10CTOBEPHO
MOJIYYNTh HOBYI0O MH(GOPMAIHMIO O mpolleccax B cepaume M
BBISIBUTh KJIMHHUYECKH 3HAYUMble MNATOJOTHH Ccepaua B
yciaoBusix ckpuHuHra. IlpensioskeH MOAX0d K MOCTPOEHHIO
CHJK/, 3akio4aomuiicsi B «cOIMKeHHN» pelieHuil npsaMoit
H o0paTHOIi 3aga4 JJIEKTPOKAPAOJOTHM C Hocaexyouiei
BH3yaJIM3aleil pe3ysIbTaTOB pelleHHil /UIsl HAIJISIAHOTO
NpeICTaBJIeHHs] BpPadvy 3JIeKTPHYECKOil AKTHBHOCTH cepaua
(3AC). INoebimenne 3¢pdexrusnoctu CHIKJ ob6ycioBiaeno
perucrpanuei MHOKeCTBEHHbBIX OTBeJIeHUI IKC,
npeaBaputeybHoii  o0padorkoii JDKC, mnoJuBapHaHTHBIM
anaauzom JKC, mopenupoBanueM u Busyaausamueir JAC.
Bpauam mnpeaocTtaBjisieTcsi MHCTPYMEHT /ISl CKPUHHMHIA H

JAMATHOCTHKH 9AC, odecneyHBaIOLIHii NOBBINIEHHE
3¢ dexTuBHOCTH OLeHKH DAC Ha ocHOBe cOopa, 06padOTKU U
nepeaavu Kapauorpaduyeckoi uHpopManuu;

moaenupoBanuss JAC; BH3yaau3auuu pe3ybTaTOB aHAIU3a
IAC.

Knroueeswvie cnosa— Kapduonoeuuecxuﬁ CKpUHUHZ, cucmema
HeUHGA3UBHOU 3J1ekmpol<ap0u00uaznocmuKu, dneKkmpuuecKkas
AKmMU6HOCHb cepdua, 3/1el<mpol<ap0uocueuaﬂ, Memoovl ananus3a,
Modeﬂupoeauuﬂ U susyanu3auuu COCmMmoAHUA cepdua

1. BBEJEHHUE

IToBcemecTHOE pa3BUTHE KOMITBIOTEPHOH TEXHHKH U
MH(OPMALMOHHBIX TEXHOJIOTMH IPEJOCTaBIsieT Bce Ooliee
HIMPOKHE BO3MOXHOCTH ISl MOBBINIEHUS 3(Q(EKTHBHOCTH
JMUATHOCTHKH B 3JEKTPOKAPAUOIOTUH IIyTeM BHEAPEHHS
METOJIOB IM(POBOH 00paOOTKH CHTHAJIOB, BHIYMCIUTEIBHON
MaTeMaTHKH ¥ BH3yanu3ammu. [Ipm >TOM MOSBISAETCS
BO3MOKHOCTh TPEIbSBISATh BpayaM B BU3YaJIbHOM BHJE
IIPOCTPAHCTBEHHO-BPEMEHHYIO nHPOPMAITIIO 00
anekTpuyeckoi akTuBHocTH cepaua (JAC).

AKTYabHOCTh D3JIEKTPOKAPAUOIOTHIECKOTO CKPUHHUHTA
Bo3pacraeT B ycioBusix Oopposl ¢ COVID-19 u ero
MOCNEACTBUSIMA B BHJE  PA3IMYHBIX  KOMOPOUIHBIX
ocioxkHeHuil. [loaToMy BaxxHOHW coLManbHOM 3amayeit
SIBIISIETCSL TIOBBINIEHUE JIOCTOBEPHOCTH W OTEPATHBHOCTH
JHArHOCTUKH 3a00J1eBaHui cepaua npu
AJIEKTPOKAPIUOTIOTHIECKOM CKPUHUHTE.

M.H. Kpamm
HarmmonansHbIN Hcclie10BaTeIbCKUI
yHuBepcuteT « MO»
MockBa, Poccust
krammmn@mail.ru

A 1O. bonun
HarmmonansHBIN HcClie10BaTeNbCKUI
yHuBepcuteT « MON»
MockBa, Poccus
bodin98@mail.ru

H.A. CepxanroBa
Ien3enckuii rocyaapcTBeHHbIH
TEXHOJOTMYECKUIl yHUBEPCUTET

Ilen3a, Poccus
itmmbspgta@yandex.ru

2. MATEPUAJIBI U METO/IbI
Haunbomnee OIM3KIM o (hyHKINOHATEHBIM
BO3MOKHOCTSIM SIBJISIETCS croco0 BUPTYaJILHOTO

MOHHUTOpHHTA TI0 XonTepy [1], BKIOYAIOIINI PEerHCTPAIIHIO
anekTpokapauocuraana  (OKC), sarpysky DOKC B
NepcoHaNIbHBIN KoMIbioTep, nepeaauy DKC yepez Untepuer
Ha cepBep MpUIoKeHUH, mpocMoTp U ananu3 JKC B pexume
peanbHOTO BPEMEHHM, BO3BpAILCHUE PE3YJTATOB aHAIN3a
anekTpokapauorpammsel (OKI') B mepcoHaIbHBINM KOMITBIOTED
u dopmupoBanue otdera. [Ipum 3TOM B X0J€ KOMIUIEKCHOTO
aHali3a B U3BECTHOM CIIOCOOE BUPTYalIbHOTO MOHHUTOpPUHTA

no XodTepy He  Oocyuiecmensemcs  PErUCTpaIys
MHOXeCTBeHHBIX ~ oTBeAeHuid OKC; mpenBaputenbHast
obpadotka  OKC;  osKcmpecc-oleHKa  KPUTHYECKOTO

COCTOSTHUSI cep/ilia; MoJienupoBanue u Buzyanuzamnus DAC.

Ilo MHEHMIO aBTOPOB, AJIA IMOBBINICHUSA 3(1)(1)€KTI/IBHOCTI/I

NIEKTPOKAPAUOINATHOCTHKH ~ HEOOXOJIMMO  YCTpaHEHHE
HEIOCTAaTKOB H3BECTHOTO cnocoba BHPTYaJIbHOTO
MOHUTOPUHIA MO XO0JITEPY.

3. PE3VIILTATEI 1 OGCYKIEHUE

s noBbleHuss 3QPEKTUBHOCTH KapAHOJIOIHYECKOTO
CKPUHHUHIA MPEIIAracTCs MCIONb30BaTh CKPHHHHIOBYIO
CHCTEMY  HEMHBA3MBHOW  3JIEKTPOKApIHOJAUAIHOCTHKH
(CH3KI), 0CHOBaHHYI HA PETHUCTPALIMHM MHOYKECTBEHHBIX
OTBENIEHUH,  OKCIPECC-OLIEHKE,  MOJEIMPOBAHMU M
BH3YaJIM3aIUK COCTOSHUS CEPJIIIA.

Peructpanust mHoxectBeHHbIX oTBeaeHud OKC wnmm
OKT-kapTupoBanue cepana [2-6] sBiasercs OmHHM W3
HanOolice  WH(POPMATHBHBIX  METOJOB  HCCICIOBAHUS
JNEKTPUYECKOH aKTUBHOCTH MHOKApJa ¥ IapamMeTpoB
9KBUBAJIEHTHOIO  JJIEKTPUUYECKOTO  TreHepaTopa  cepiaua
(B310).

Merton DKI-kapTupoBaHue cep/iia MO3BOJSET MOTYIHTh

MaKCUMAaJbHYIO nHpopMaIHo 00 0COOEHHOCTSIX
JIEKTPUYECKOr0  MOJIT  cepaua B JI000H  MOMEHT
JICTIOJSIPU3alli M PeNoJsIpH3aliiy  Kelnymoukos. [Ipm
perucTpanun OKT YHUIIOJISIPHBIE 3JIIEKTPOBI
pacnonaraloTcss Ha TepeAHel, 3amHedl M OOKOBBIX

MMOBEPXHOCTSAX TPYJHOM KJIETKH, a TaK)Ke Ha BEPXHEW 4acTH
JKMBOTA — SIUTacTPUH (OT TPEUECKHUX CIIOB «IIH» — «HAL» U
«ractep» — «xuBOT»). llomydaemass Takum oOpasom
MPOCTPAHCTBEHHO-BPEMEHHAsE U aMIUIMTYJIHO-BpPEMEHHAs
napopmarst 06 DAC MoxkeT OBITH IpeACTaBICHA B BHIC
HECKOJBKHUX Pa3HOBUAHOCTEH KapTOrpamMM.
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[o cpaBHEHUIO CO CTAaHIAPTHOM IMEKTPOKapaUOTrpadueit
meton DK -kapTupoBaHus cepama:

® HCroNB3yeT OOJIBIIOE YHUCIO OTBEACHHWH (B HalleM
cryqae — 120), pacmomararomuxcsi Ha  BCeH
TIOBEPXHOCTH TPYIHOM KJIETKH, 4YTO OOecreyrBaeT

MONMydYeHHe  MaKCHUMalbHOW  mH(opMammu 00
0COOCHHOCTAX CTPYKTYPBI DJIEKTPUYECKOTrO IO
cepuua; NPENOCTaBISCT BO3MO>KHOCTb

cuaxpoHuzaiuy Becex OKC 1 npencTaBieHus JaHHBIX
HE B TPAJAUIOHHOH (HeTpepsIBHOW) opMe, a B BHIC
MIOCIIEI0BATENbHBIX (MOMEHTHBIX), MHTETPAIbHBIX U
W30MHTETPANBHBIX  KapTOrpaMM  paclpeneiIeHus
MOTEHIIMATIOB, YTO IO3BOJISIET IOJPOOHO HW3YUHThH

IVUHAMUKY [pPOLECCOB JA€- W  PENoJIpU3anuH
MHOKapa;
® IIPEAOCTABISIET BO3MOKHOCTh N3YYCHUS

MynbTHIONBHOTO DOT'C M 0Ooyiee TOYHOM OICHKH
JIOKQJIbHOM 3JIEKTPUUECKON aKTUBHOCTU CEpACYHOMN

MBIIIIIBL.

B cocrae CHOKJI wumeercs OIOK perucTpamnuu
MHOXecTBeHHBIX ~ orBegeHnid  (BPMO),  comepxxammii
aHaJoroByto u 1udpoByto vactu [7]. OXHUM K3 OCHOBHBIX
y37I0B CHCTEMBI SIBIISIETCS y3en 3JIEKTPOJIOB,

OpPUEHTHPOBAHHBIN Ha COKpaIlleHHEe BPEeMEHHBIX 3aTpaT MpH
YCTaHOBKE 3JIEKTPOJIOB U yUeT HEOOXOIMMOCTH YCTaHOBKH
JMEKTPOAOB B COOTBETCTBYIOIIMX MECTax Topca TMpH
UMEIoLIMMCs pa3dpoce pa3MepoB Topca ManueHToB. Jlis
pemieHuss 3TOW 3ajauyd  TpeIaraeTcss OCYyIIECTBIATh
HaJleBaHUE 00CIJIeyeMbIM JKUIIETa C 3JIEKTPOJAMH, 3apaHee
MIPEeIyCTAHOBICHHBIMH Ha €Tr0 BHYTPCHHEH MOBEPXHOCTH.
[lpu osToM  mpeamaraeTcs  WCIONB30BATH  JKMJICTHI
HECKOJPKUX THIIOPa3MEpPOB B 3aBHCHMOCTH OT JIJTHHBI
mepuMeTpa Topca.

[on mpenBaputensHOU 00pabotkoit IKC moHmUMaercs
¢wisTpanus u ynanenue n3 OKC momex u apredakTos,
BO3HHKarOmuX 1pu peructpamun OKC B ycrnoBusax
cBOOOTHON JBUTaTENbHOW AaKTUBHOCTH NalnMeHTa (TpH
(YHKIMOHAIBEHON JTUarHOCTHKE c MpPUMEHEHUEM
Harpy304HBIX MNpo0), a Take BBLACICHHE KapAHOIMKIIA.
Ilomexu u  apTedakTel  CHMXKAIOT  JOCTOBEPHOCTH
MOJTyYeHHOW WH(pOpMalMu. ABTOpaMH IIOJIyYeH psiX
OPUTMHAIBHBIX PEIICHNH, TOCBSIIIEHHBIX NPEIBAPUTEIbHON
obpaborke DKC [8-13].

IMox skcrpecc-olEeHKOH COCTOSHHS Cepla MalueHTa
MOHMMAETCsl  TMPOIECC  ONpPEAENeHHss 10  JIaHHBIM
JIEKTpOKapauorpaduu B peajbHOM MaciiTabe BpeMEeHH
HaJIW4uusl TMAaToJIOTHM cepAma. Okcmpecc-oneHka OKC
MO3BOJISIET 3aUKCHPOBATh HAPYIICHHUS PUTMA, HAPYIICHUS
MIPOBEACHUS, HApyIIEHUs OJIIEKTPUYECKONH OCH cep.ra,
9KTOITNYECKHE M 3aMEIIAONINE COKPAIICHHUS, TOBPEKICHHS
MHOKapAa, 3IEKTPOJIUTHbIE HapyIIeHus. [[ns pacumpeHus
(YHKIMOHAJIBHBIX  BO3MOXKHOCTEH  OIEHKH  COCTOSIHHS
cepAla npeajaraercs crnocod HEMHBa3UBHOTO OTPEJICIICHUS
IEKTPOYUIUOIOTHUECKUX XapaKTepUCTHK cepaua.
[IpumeneHne mpeaIaraeMoro Crocoda Mo3BOJISIET PELINTh
oOpaTHyr0 3ajady OJeKTpokapauorpaguu, Koraa mo
pesyapTatam aHanu3a OKC pexoncrpyupyerca DAC Ha
«IIOpPTpETE» PIUKApAA.

Cnoco0
ANEKTPOKAPIHOCHTHATIOB

OCHOBaH Ha
(3KO),

perucTpanuu
IIpeBapUTEIbHON

obpaborke OKC wu BbIIENICHWH BPEMEHHBIX OTCUYETOB
3JIEMEHTOB KapMOLHKIIa, OTIpEAEIEeHNN
AQHTPOIIOMETPHYECKUX IapaMEeTpoOB TOpca MalueHTa, u
MOCTEAYIOMEM OTOOpaKEHHH — DIIEKTPO(HU3NOTIOTHICCKIX
XapaKTepUCTHK cep/ua. B pesynprare HenHBasusHoro OKI -
oOcienoBaHuss ® TOCIEAyromedl o00padOTKM  IJaHHBIX
OTIPEAEIAIOTCS N3MEHSIONINECs co BpEeMEHEM
MIPOCTPAHCTBEHHBIE paclpenesieHuss XapakTepucTuk JAC
[14, 15]. VYcraHoBmeHO, YTO TPH CKPUHUHTOBOM
obcmenoBannn Ha  Harpy3ogHom OKI'  Ttecre 100
oOcnenyeMbIX C HWIIEMHUYECKOil Oone3Hbl0 cepana 1o
pe3yIbpTaTaM TecTa BepHO oOHapyxkeHa y 80 "elroBeK BMECTO
70 yenosek npu crangaptHoMm DK o6cinenoBanum.

3AKJIIOYEHUE

Takum oOpazom, ucnons3zoBanne CHOK]/I, ocHoBaHHOM
Ha PETHCTPAIllii MHOXXECTBEHHBIX OTBEJCHHMH, 3KCIIpEcc-
OLICHKE, MOJCIMPOBAHUN W BH3yaJHM3alMd COCTOSHHS
cep/ia IO3BOJISET IMOBEICUTE YyBCTBHUTEIBHOCTh
ANEKTPOKAPHOIOTMIECKOr0 CKPHHUHIA HE MEHee, YyeM Ha
10%.
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Annomayua—B 1paHHONi padoTe NPOAEMOHCTPHPOBAHA
BO3MOKHOCTb  IPHMEHEHUs METO0B  MapaJlIebHBIX
BbIYHMCJIEHHIl ¢ MCIOJb30BAHHEM BeiiBjleT-Npeodpa3oBaHus ¢
MaTepuHckuM BeiiBiaerom Mopae Ha JKol' 3amumesix s
BbISIBJIGHUS] TOYHBIX MOMEHTOB 3aChINaHMsI H MPOOYKAEHHS Y
rpbi3yHoB. Pa3paGoranHoe mnporpamMmmHoe ofecreyeHue
HCNOJIB3yeT HHTepdelic NpPOorpaMMHPOBAHUSA TNPHIIOKEHMIt
CUDA nasi peaam3anuy NapajieJbHbIX BbIYHCIEHHH Ha
00Jb1IOM KoOJMYecTBe rpaduueckux npoueccopos. Kak uror,
YAQ10ch JOCTHYbL KAK BBICOKOl TOYHOCTH, TaK H ObICTpOii
padoThl, MO0 CPABHEHHUIO C TeM Ke MeTOJ0M, HAIMCAHHBLIM Ha
si3bIKe MporpamMmupoBaHusi Fortran ajs ogHoro moroka Ha
HEeHTPaJbHOM  MpoLeccope, /JIsl  CIOKHBIX  BeiiBJjeT-
BbIYHCJICHUH ¢ BO3MOKHOCTBIO AHAJIM32 HECKOJIBKHX KAHAJIOB
IKorI.

Knrouesvie cnosa— napannenvhvle 6bluUCIEHUsA, 6ellem,
HenpepuleHoe selienem-npeodpasosanue, cuda, IKol', 23T

1. BBEJIEHUE

Ha Hacrosmmii MOMEHT BOIPOC  MCCIEIOBaHUS
OMOMEMIIMHCKNX CHTHAIOB U, B OCOOEHHOCTH, aKTHBHOCTH
TOJIOBHOTO MO3ra aKTHBHO M3Y4acTCs C IIOMOIIbI0 METOJOB
HeNMMHEHHOW (u3uKy, BH3yanm3anuu, HHPOPMAIMOHHBIX
TEXHOJIOTUH U T.J. B HayuHOU cpeje, Kak U B KIIMHUYECKOI

NPAKTHKE, 4acTo UCTIOJB3YETCS METOJ
aNIeKTpO3HIEeDanorpapun (330), MO3BOJISFOIIAI
[POaHAIN3UPOBATH OUOBIIEKTPUIECKY IO aKTMBHOCTD

MOBEPXHOCTHBIX CTPYKTYp TON0BHOTO Mo3ra [1-4]. Jlanusrit
METOJ MO3BOJSIET JaTh KaK KauyeCTBEHHYI), TaK U
KOJIMYECTBCHHYO OIIEHKY MOIIHOCTH KOJeOaHUT HA pa3HbIX
YaCTOTHBIX JHAIla30HaX.

Jiis  ananmu3a AWHAMHKH curHanmoB OOl 3adacTyio
MIPUMEHSIOT METO/IbI OLIEHKH K0J1e0aTeIbHON aKTHBHOCTH HA
ocHoBe Dypbe- U BeitneT-nipeodbpaszopanuii [5-9]. B qanHo#
pabote mpencrasien anamu3 D3I (B ciaydae TpbI3yHOB —
DKol - anekrpokoprukorpadus [10-13]) ¢ ucrnonap3oBanueMm
BeiBNIeT-IpeoOpa3oBaHusl C MaTEepUHCKUM  BEHBIETOM
Mopuiie, O3BOJIAIOMMA TPOBOAUTH BBIYUCIEHHS C BBICOKOM
CKOPOCTBIO ¥ TOYHOCTHIO TMPU YCIIOBUHM  BBIITOJHEHHS
pacueToB mapauiedbHO. B cBoI0 ouepenp, 0 CpaBHEHHIO C
OJTHOIIOTOYHBIMH, TapasuiesIbHbIe BBIYHCIICHHS
MPEIOCTABISIFOT BO3MOXKHOCTD B3SITHSI OOJIBIINX WHTEPBAJIOB
YacTOT JUISl aHalM3a WM Jke Oojee TOYHOTO aHajIn3a
3aJ]aHHOTO0 HHTepBaia (YMEHBLICHHUM IIara 4YacTOTHOU
XapaKTEePUCTHKN).

2. METOJUKA

HempepriBroe BeiiBner-npeobpazosanne (HBIT) Wi(f, t)
paccuuThIBaiock Uil Kakporo curnana DKol Ha ocHoBe
BeitBnera Mopie ¢ napamerpom Q = 2m. Ilpu 3amaHHOM
BeJIMYMHE  mapaMmerpa mmkama Bpemenn B HBII
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AIMMPOKCUMUPYCTCA KJIaCCUYCCKUM

yactotel Oypee T, '

MpCaACTaBJICHUEM

Jlng  aBTOMaTH4ecKoro  OOHapy>XeHMS  MOMEHTa
3aChIlIaHMS  ONBITHBIM  HyTeM  YCTAHOBICHO,  4TO
MaKCHMajbHOE KayeCTBO M  CKOPOCTh  OOHApY)KEHHs
JIOCTHUTAIOTCS TIPU aHAJIU3E CUTHANIA B YACTOTHOM JUara3oHe
Af = [0,2; 20] T'u ¢ mrarom 0,1 I'm, mpu 3TOM B ciiydae
OJTHOTIOTOYHBIX BBIYMCICHHH MAKCHMAIIbHO JOIMYCTUMBIM
JuanazoHom sesics [5; 10] I,

B  paspaboTtaHHOM  TPOrpaMMHOM  OOECIICUCHHU
3nauennsi HBII mapamienbHO BBIYMCISUTHCH IS KaXKAOTO
MOMEHTa BpeMEHH t.

Jnst Bcex kananoB osHeprus HBII paccuurtbiBanack
CJIeIIOIIUM 00pa3oM:

Ei(f, t) = Wi(f, t)2 1)

JIis KaXKIoro BPEMEHHOTO OKHa, paBHOro 20 oTcderam,
MOJTYYUBIIHECS 3HAUEHHUS ObLIM IPOCYMMHUPOBAHBI 110 BCEMY
YaCTOTHOMY [Hama30oHy ¥ BPEMEHHOMY OKHY IS BceX
kaHaoB  OKol, mamee  ObulM  B3STBI  CpEAHHE
apudMeTHIECKHAEe TONyYCHHBIX TAHHBIX 10 BCEM KaHallaM
(mycTh KomudyecTBO KaHamoB — N) © mojeneHsl Ha
KOJIMYECTBO BpeMeHHbIX 0TcueToB (20 0TCUeTOB):

E'(f,t)=(Zi=1NE(f, 1)) /(N *20) 2)

Janee cpemnue 3HaueHuss sHeprun HBII E’ Opimm
ycpenHeHbl (0003HavyaroTes Kak avgE) Bo BpeMEHHOM OKHe,
paBHoMm 500 oTcueram, A KaKJIOTO MOMEHTa BPEMEHH,
TaKKe B XOJE 3THUX BBIUMCIICHHH Opanoch oOlee cpeaHee
3HayeHne sHepruu HBII T mis BpeMEeHHBIX OKOH, paBHBIX
8000 cexynmam. W3 obmux cpequux sHeprunt HBII T Opum
BBIBE/ICHBI MOPOTOBbIE 3HAUEHHUS JUISl JAHHBIX BPEMEHHBIX
otpeskos: BepxHuit mopor TT 6pamcs pasmem 1,3 * T,
HwkHAH T4 — 0,45 *T.

Tornga MOMEHTOM 3achlllaHMs SBJISIETCS. TOT MOMEHT
BpPEMEHH, KOr[ia aHaiusupyemoe 3HaueHue avgE mpeBbicut
nopor TT, a MoMenTOM npoGyx/aeHus — koraa avgE craxer
Hke TV, MPH yCIOBHE, 9TO €My MPeIIIeCTBOBAT MOMEHT
3aChITTaHMs.

3. PE3VYJIbTATBI

TecTupoBanue pa3paboTaHHOTO MIPOrPaMMHOTO
MpoJayKTa MNpoBoawiock Ha roTtoBeix DKol 3amumcsx,
KOTOpBIC  MpPEIBAPUTEIBHO OBUIM  IPOAHATH3HPOBAHBI
Helipoduzuororom ¢ momonipio Buaeo-OKol .
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PaccmarprBaeMoe MpOrpaMMHOTO OOECIICUCHHE BEPHO
BBISIBIJIO MOMEHTBI 3aChIIaHUSA M MPOOYKICHHUS KPBIC CO
cpemHel TOYHOCThI0 92% B COOTBETCTBHHM C TabIuUIeiH |.

Tabnuna 1. 3HAYEHUE OTHOCUTEJIbHBIX OLLMBOK OITPEJIEJIEHUS
HAUAJIA U KOHLIA CHA
Homep OTHocHTe/IbHASI TOYHOCTD
KPpBICHL onau, % OKoH, %
1 96,53 94,7
2 94,55 97,29
3 88,41 96,12
4 90,35 86,22
5 86,75 89,43
6 83,88 91,39
7 99,09 91,59
8 76,13 81,85
9 83,46 90,33
10 92,32 93,84
11 94,94 96,31
12 99,23 97,34
13 82,52 87,36
14 87,15 90,14
15 92,38 89,65
16 91,97 95,98

Crour OTMETUTH, YTO MNPHUMCHCHHUEC TapaJlJICJIbHbBIX
BBIYMCIICHUI IIO3BOJIACT HEC TOJIBKO YBECJINYUTH
aHaJ'II/I3I/IpyeMBII71 YJaCTOTHBIN JAHara3oH, HO U HUCIIOJIb30BaTh
paccMaTpuBaeMbIii METOJl B PEKHMME PEAbHOTO BpPEMEHH,
OJIHOBPEMEHHO ¢ nporeccom 3anucu DKol .

W3HayanbHO MeToJ| ObLI CO34aH C IOMOIIBIO SI3bIKA
nporpamMmupoBaHust  Fortran  nist  omHOro mnoToKa Ha
HeHTpanbHOM mpoteccope [14] u Ha Qaiine B mecTHaANATH
MUJUIMOHOB 3HAa4eHWH Ha JByX KaHamax pabortanm 6935
cexyHa. [IpencraBnennas B naHHOW pabore peanuzanus c
ucnone3oBanueM CUDA anammsupyeT ToT ke daiin 3a 306
CEeKYHII.

IIpn 3TOM uHTepdeiic IIPOrpaMMUPOBAHUSA
npwioxernii CUDA maer BO3MOXXHOCTh TNPHMEHCHHS
JTAHHOTO METOJ]a Ha HauOOJBIIEM KOJIMYECTBE YCTPOWUCTB ¢
BU/ICOKAPTAMH.

PazpaGoTaHHBI  MpOrpaMMHBI ~ KOMIUIEKC  ObLI
anpoOHMpOBaH Ha KpbICaX M MOXET OBITh HEIOCPEICTBEHHO
NPUMEHEH K JPYruM OHOJIOTMYECKHM CUTHaiaM. B3siB BO
BHUMaHHME Pa3IMuusl MEXIYy MO3TOM KpBICBI M UeJOBEKa,
€CTh HaJeXKIa, YTO METOJ| MOXET ObITh aJalTHPOBaH K
aHanu3y gaHHbeIx DI yenoseka.

BJIATOJIAPHOCTH

Pabota BEIMOMHEHA B paMKax (PUHAHCOBOU MOMIEPIKKU
Poccuiickoro HayuHoro ¢ouaa (mpoekt 22-72-10061).
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Ananmn3 3()pEeKTOB CUHXPOHU3AIINU
HEMPOMAarHUTHBIX OTKJIMKOB YEJIOBEKA B OTBET Ha
MEPIAIOIINE CBETOBBIC CTUMYJIbI
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Annomayua—B HacTosIlleM HCCIeI0BAHMM HA OCHOBe
dopmanuzma  QyHKUMIE DaAMATH  NPOBOJAUTCA  Kpocc-
KOPpPeJsINMOHHBIA  aHaJM3  OMOMEJUUMHCKHMX  JaHHBIX
CJI0KHBIX CHCTeM 3kHUBOHl mnpupoabl. HM3yuyenb! 3¢ dexTnl
CHHXPOHM3AaLMM M CTATHCTHYECKOW NaMATH B JAMHAMHKe
HeHPOMATrHUTHBIX OTKJIMKOB 3/10POBBIX HCHBITYEMBIX B OTBET
HA MepLalIlMe CBeTOBble CTUMYJIbI (KPACHO-CHMHHIi, CHHe-
3eJIeHblil, KpacHo-3ejieHblil). Mbl Moka3biBaeM, YTO [axe B
ciyyae BBICOKO¥ HHAUBHIYAJbHOCTH HccaeayeMbIX
MarHuTo3HuedajorpaMM MOKHO YCTAHOBUTH KaK MeHsSIeTCS
XapakTep B3aHMo/IeiicTBHS MEKAY onpeaeTeHHBIMH
00J1aCTIMM KOPBI T'0JIOBHOTO0 MO3ra sl KaxI0ro cy0bekTa
NIpM pPa3HbIX LBETOBBIX KOMOMHanuAX cBera. M3meHeHus
Takxke  OOHapyxeHbl Il (a30BBIX  NOPTPETOB M
CIEeKTPAJIBLHOIO NOBE/ICHUs BpPeMEeHHBIX CUTHAJIOB.
[oayyennsle pe3yabTaThl OyAYT NPEACTABJISATH UHTepec NJIs
KOTHUTUBHOW NCHXOJOTUM, HeHpPoQU3MOJI0ruu, a TaKkKe
MOMCKA [MATHOCTHMYECKHX KpHUTepHeB HEBPOJOrMYeCKHX
3a0o/1eBaHuii, HanpuMep, (POTOUYBCTBUTEIbLHOMH NUJICNICHHU.

Kniouesvie cnosa—nayku o OAHHBIX, JHCUBble CUCHIEMDI,
AHATIU3 ~ GPEMEHHBLIX  CUCHAN08,  Koppenauuu, IQgdexmot
cunxponusayuu, IPexmol  cmamucmuueckou - namsamu,
HelpoMazHuUmnble OMKAUKU, MEPUAIOWUE CEEMOBbIE CIUMYIIbL,
UHOUBUOYATbHBIE 0COOCHHOCHU.

|. BBEJEHUE

Ceer u apyrue BHEIIHHE (aKTOPbI MOTYT OKa3bIBaTh
CYIIECTBEHHOE BIMSHHE Ha OMOAJIEKTPHUIECKYIO MO3TOBYIO
aKTUBHOCTh uenoBeka. [lns oOHapyXeHHs M aHamu3a
N3MEHEHHH B ONPENENICHHBIX O0JACTSIX KOPBI TOJOBHOTO
MO3Ta HEOOXOJUMO WCIIONB30BaTh SKCIEPHUMEHTAIbHbIC

JlaHHBIe, (HUKCHUpPYEMbIE COBPEMEHHBIM 00OpYZOBaHUEM.
PacnipocTpaHéHHBIE METOABI HCCIENOBAHUS AKTHBHOCTH
Mo3ra — 93T0  a3nekrpodHuedanorpammel  (O0I) wu

marautodHiedamorpammer  (MOIN). B namnoit  pabote
uHpOopManus O (YHKUMOHAJIBHOM aKTHBHOCTH MO3ra
peacTaBjIcHa B BUJIC HeﬁpOMaFHHTHBIX CHUT'HAJIOB,

BBI3BAHHBIX WIEKTPUYECKUMH HMITYJIbCAMHU TPy HEHPOHOB
B OTBET Ha BHEIIHUE MEPIAIOIIHE CBETOBBIC CTUMYJTBI [1].

B JIESATEIbHOCTH Mo3ra MOKHO YCTaHOBUTh
PUTMHUYECKYIO aKTUBHOCTbH, KOTOPAsl 3aBUCUT, B TOM YHUCIIE,
OT BHEIIHEro MEepPUOAMYECKOro BO3AEHCTBHUs. Peakius Ha
MEpUAIOIIUA  CBETOBOM CTUMYJ HMHJMBHIyaJlbHA IS
KaXKJIOTO 4YeJOBeKa M 3aBUCUT OT YacTOThI BO3ICHCTBHAL
Panee Ha ocHOBE METO/J0B HEJIMHEWHOW AMHAMHUKUA aBTOPHI
YCTaHOBWJIM, YTO HanOoJee CYNECTBEHHAs PEaKIHUs B OTBET
Ha CTHMYJISIMIO CBETOM BO3HHUKACT B 3aTHUIOYHOM 00JacTu
KOPBI TOJIOBHOTO MO3Ta UCITBITYEeMBIX [2].

B npyrom wuccienoBaHuM, TNPOBEJICHHOM Ha TIpyIIe
3[IOPOBBIX JIIOJIEH, ABTOPBI IOKA3aJId BIMSHHUE CBETOBOTO
Mepranus ¢ dactotoi y-purma (40 I'm) Ha paboTty Mosra.
IIpun BO3JCUCTBUU MeEpLaHus ObLI oOHapyXeH
3HAUUTENBHBI OTKIMK B pasHbIX YYacTKaxX 3aTbUIOYHOM
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obmactn. V3MeHeHuss OBUTH YCTaHOBICHBI TaKXke B
OTJEJBHBIX JIOKAIBHBIX 00JIACTSIX, KaK 3TO HaOIrogaeTcs y
MAIMEHTOB C DA3IMYHBIMH 3a00JEBaHUAMH MO3ra, YTO
JieTlaeT BO3MOYKHBIM MIPHMEHEHHE MeToa B quarHoctuke [3].

B pabore [4] 66110 TOKAa3aHO HANMYKE PEaKIMXA MO3Ta Ha
YepeayIoIHecs] BCIBIIIKA KPAacHOIO M CHHETO IBETOB. Y
OOJIPIIMHCTBA HCIIBITYEMbIX HAOIIOJAIOCh TOBBIIICHHE O-
AKTHBHOCTH B 3aTBHUIOYHON 001acTy.

Lenbro Hactosimeld paboThl siBsieTcs aHanu3 3(dexToB
CUHXPOHH3AINN — BSaHMOL[eﬁCTBHH MEKIY ONPEACICHHBIMU

CKBU/lamu (cBEpXIPOBOASIIIHIHA KBAHTOBBIN
UHTEp(QEPEHIIMOHHBI  JaTYMK), pACIOJOXEHHBIMH  Ha
romoBe 9 3IOPOBBIX HCIIBITYEMBIX, IpH BO3ACHCTBUH

Pa3HBIMHU IIBETOBBIMH KOMOWHAIMSMU CBeTa (KPaCHO-CHHHIA,
CHHE-3€JICHBIH, KpPacHO-3eNCHbIH). AHanu3 HPOBOAWICS B
paMKax aBTOPCKOTO IMOAXOIAa K aHAIN3Y OHOMEIHIIMHCKUX
curHaioB — opmanusma ¢pyskuuit mamsta (OOII).

Il. D®OPMAJIM3M OYHKIMI [TAMATHA

OyHKIMM TaMsATH HWCIONB3YIOT JUIA TOHCKA CBs3ei
MEXIy H3MEHEHMSIMH Clly4aiiHbix BenuuuH. [Ipouecchl, B
KOTOPBIX TPHUCYTCTBYIOT J(QQEKThl MamsTd, a TaKKe
COCTOSIHHE CHCTEMBbl 3aBHCHT OT Ha4aJbHOTO COCTOSIHUS,
Ha3bIBAIOTCSI HEMapKOBCKUMHU.

OOPII ocHOBaH Ha KOHEYHO-PA3HOCTHOM  aHAJIOTE
KMHETHYeCKUX ypaBHeHu# LlBanuura-Mopu [5]. B kauectBe
6azoBoro o0Opasza HCTONB3YeTCS HOPMHPOBaHHAs Kpocc-
koppemsammonHas QyHkiws, KK® (1). OHa BBIpaxaeT CBS3b
MEXIy ABYyMs CilydalHbIMHM BenmunHamu X u Y. B Hamem
crysae X W Y — TIOCIEHOBATENBHOCTH  3HAYECHHH
OJTHOBpPEMEHHO (QuKcHpyeMbix MOl -curHamos.

KK® cBszana ¢ (QyHKIUSMU CTaTUCTUYECKOW MaMSITH
[ETI0YKON KOHEUHO-Pa3HOCTHBIX YpaBHEHHIA (2).

N-m-1
1
C(t) = m Z (SX(T +]T)5y(T + (] + m)r),
xYy =
@
t=mr,1<m<N-1,
AMXY (t -
e L ACRRY WV AR N e
j=0
Mepa CTAaTUCTHYCCKOM namMmsTH - rnapamerp

HEMapKOBOCTH BBOIUTCS [UISL Pa3lelCHUs] CTOXACTHYCCKHUX
MPOIIECCOB HAa MApKOBCKHME W HEMApPKOBCKHE, a TaKXkKe Ui
KOJINYECTBCHHON OLCHKH 3(P(HEKTOB MaMsTH B JIUHAMHKE
HCCIlelyeMoro BpeMeHHoro curHana [5]. Hwke mpusenen
YaCTOTHO-3aBHUCAILMIM ClIy4ail mapamMeTpa HeMapKoBocTH (3):
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XY
i1 (v)
W) = M, 3)
L

e 4 (v) - @ypbe-o6pas WaM CIEKTP MOLIHOCTH

COOTBETCTByIOH.leﬁ ¢YHKHHH MMaMATH.

Il.  AHAJIN3 HEIPOMATHUTHBIX CUTHAJIOB YEJIOBEKA

OKcnepyMeHTaIbHBIE JaHHbIE OBUIM THOJYYEHBI B XOJE
MEXKIyHAPOIHOTO  coTpyanuuyectBa [6].  HebGosmbmias
BBIOOpKA [MAaHHBIX CBSi3aHA C TEM, YTO IEPBOHAYAIBHOE
UCCIIeIOBaHUMEe  OBUIO  HAmpaBlICHO HA  JIHAarHOCTHKY
¢orouyBcTBUTENbHON smunenicu  (OUYD) mpum  pasHBIX
LBETOBBLIX Bo3uekcTBuAX [5, 6]. B HacTosimeM Tesnce Ml
OCTaHOBHMCS JIMIIb Ha HEKOTOPBIX M3 IONYYEHHBIX HAMHU
Pe3yNbTaToB (IJIs1 OJJHOTO MCHBITYEMOTO, IJIsl KpaCHO-CUHEH
KOMOMHAIIMK CBETa), KOTOPHIC IIO3BOJIAIOT PAacCMOTPETh
Bo3MokHocTH ~ O®DIl-anmanmmza B oneHke  3QdekToB
CHUHXPOHM3AIMH U CTATHCTUYECKO# mamsatu MOI-curnanos
310POBLIX UCIBITYCMBbIX.

Ha Puc. 1 mnpencrasien
COCTAaBIJIEHHBINH KOMOMHaIMENR
JUHAMUYECKUX IEPEMEHHBIX.
MO3BOJISIET  OLCHUTH  OCOOCHHOCTH  MPOCTPAHCTBEHHO-
BPEMEHHOM CTPYKTYpbl HccienyeMod auHamukd. Ha
(ha30BOM MOpPTpETE OTYETIIMBO PA3INYUMBI BE CTPYKTYPHI,
CBS3aHHBIC C TIEPHOAMH «JI0» U «II0CTIe» MOJJaul CTUMYIA.

(aszoBbIil  TOpTpET,
OPTOTOHAITBHBIX
[TonobHoe mpeacTaBIeHME

40 : —

20

Puc. 1. ®a30BbIil OPTPET, COCTABICHHBIII KOMOWHAIMEH OPTOrOHAIBHBIX
JIMHAMHYECKHX MEPEMEHHBIX IS HEHPOMAarHUTHBIX CHTHAJIOB MO3ra
OJHOTO W3 310poBbIX sroneit (20 cencop — noGHas obGiacts, 41
CEHCOP — 3aThUIOYHAs)

T T T N AT 3+ R

Puc. 2. Cnektp MOIIHOCTH (GYHKUMH IaMATH TIEPBOTO MOpPSKA IS
HEHPOMAarHUTHBIX CHTHAJIOB MO3ra 3/I0pPOBOT0 HcmbITyeMoro (20-if u
41-it cencopsbr)

Ha cnekrpe MmomHocTH (YHKIIMM TIaMsTH IIE€PBOTO
nopsigka B O0JNACTM  HM3KMX  YacTOT  pasiMYMMBI
NIEpUOINYECKHE TIPOLIECCHI: O- U f-aKTUBHOCTb, BBISBIIIEMbIC
B JIOOHOH ¥ 3aTBUIOYHOH 00NACTAX 370POBOTO HCIIBITYEMOTO
(Puc. 2). OtrmernM, 4TO cHekTpanbHOe moBeneHne MOI-

CUTHAJIOB HCHBITYEMBIX OTJINYACTCA BBICOKOH CTEIIEHBIO
WHIUBUAYAJIBHOCTH.

Puc. 3. YacroTHas 3aBUCMMOCTb INEPBOM TOYKM MapaMeTpa HEMapKOBOCTU
JUIl IUHAMUKHA MarHUTHOM aKTUBHOCTH B JIOOHOW M 3aTBUIOYHOH
006J1aCTSX 30POBOTO HCIIBITYEMOTO

Ha Puc. 3 npeacraBneHa 4YacTOTHas 3aBUCHUMOCTH
rapamMeTpa HEMapKOBOCTH. 3HauYeHHE g X' (0) Ompenenser

KBa3MMapKOBCKUI ~ CIIGHApUA C  KPaTKOBPEMECHHBIMHU
MpOsIBICHUSIMU 3()(HEKTOB CTATHCTUUCCKON TTAMSITH.

IV.  3AKJIIOYEHHE

B namHO#t pabGore ObUT MpoBeAeH aHAMU3 APPEKTOB
CUHXPOHM3AIMU M CTaTUCTUYECKOM mamsTu Mmexzny MOT-
CHUTHAJIAMHU PA3JIMYHBIX 00JacTell KOpHI TOJIOBHOTO MO3Ta
3J0pPOBBIX HCHBITYEMBIX. V3ydeHBl pasHOMacIITaOHBIC
CTPYKTYpPbI, OOHapy>KCHHbIC Ha (PA30BBIX MOPTPETAX JJIs
HEWPOMAarHUTHBIX CUTHAJIOB, (DUKCUpPYEMBIX C JIOOHOH W
3aTBUIOYHON  oOnacreil. lccienmoBaHbl — CHEKTpajbHBIE
0COOEHHOCTH MarHuTosHIehanorpaMm 3JI0POBBIX
UCIIBITYEMBIX IIPH PAa3HBIX LIBETOBBIX KOMOWHALIUSX CBETA.

B nmanbHeifimeM NOpPEAIOKCHHBIH METOJ MOXET OBITh
NPUMEHEH Uil TIOMCKAa JHAarHOCTHYECKHX KpPUTEPHEB
MaTOJIOTUYECKON aKTUBHOCTH MO3ra, Harpumep, npu OUYD.

BJIATOJIAPHOCTH

PaGora BbImONHEHa 3a cuyeT cpeAcTB I[IporpamMmbl
CTPaTEernuecKkoro akajeMuueckoro uaepcrsa Kasanckoro
(ITpuBomxkckoro) deaeparTbHOTO YHHBEPCUTETA.
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M cnonp30BaHUE METOAOB MAIIIMHHOIO O0yUYeHUS
1U1d onleHKH TshkecTu TeueHuss COVID-19
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Annomayua — B padore mnpeacTaBlieHbl pPe3yJbTATHI
HCCJIeI0BAHUS BO3MOKHOCTH OLIEHMBAHHUS TSKECTH TeYeHUs
COVID-19 mno wHafopy KIMHMYECKHX MOKa3aTedeld ¢
HCMOJIb30BAaHNEM  METOAOB  MAIIMHHOTO  OOY4YeHHMS] W
HHTEIEKTYATbHOI0 aHAIN32 JaHHBIX.

Knrouesvie cnosa -- COVID-19, SARS-CoV-2, nneemonusn,

Komnvlomephnas momozpagpus, MAWUHHOE odyuenue,
UHm eJlJIEKmyaJleblﬁ ananus3 OAHHBIX
1. BBEJEHUE

OmauM w3 HamboJee THKENBIX OCIOKHEHHH —IIPHU
3aboneBannn COVID-19, Bwi3piBacMoro Bupycom SARS-
CoV-2, sBnseTcs MTHEBMOHHUS PA3IHIHON CTETICHU TSKECTH,
KOTOpast MOKET MPUBECTH K HEOIAroNpUsATHEIM HCcXonaM. B
paMKax  CYIISCTBYIONIMX  BpeMeHHBIX  KIMHHYECKHX
pexomenmanuii «IIpoduiakTrka, THArHOCTHKA W JICYCHUE
HOBO# kopoHaBupycHoit nHdpexkunn COVID-19» (Bepcus 16
or 18.08.2022) HanmuumMe W CTENEHb TSHKECTH MHEBMOHUU
MOJTBEPKAACTCS TaKHUM OOBEKTHBHBIM IHMATHOCTHYCCKUM
HCcleloBaHNEeM Kak KommbioTepHas Ttomorpadus (KT).
Ocoboro BHUMAaHHUS TpeOyroT TIAI[HCHTHI co
CpemHeTsHKeNBIMA  (hopMaMi  TTHEBMOHHH, TPH KOTOPBIX
CcTeneHb MOpakeHusl JIerkux cocraviusier oT 25 no 100%
(KT2 — KT4).

Hama paGorta mocBsIieHa BBISBICHUIO (PaKTOPOB pUCKa
HEeOJIaronpusITHOTO TEUSHUS COVID-19 u
MIPOTHO3UPOBAHMIO PA3BUTUSA y TOCHHTAIU3MPOBAHHBIX
NAlUEHTOB ITHEBMOHMM DPA3JIMYHOW CTENEHU TSDKECTU HA
OCHOBaHMM  aHalM3a 3HAYCHHH  psga  pe3yiabTaToB
KIMHUYeCKoH abopatopHoi muarnoctuku (KJIJ) m
KIMHUYECKUX JaHHbIX. J[1s oTBeTa Ha 3TOT BOIPOC
TPaJUIIMOHHO  UCIOJIB3YIOTCS  MapaMeTpU4ecKue U
HemapaMeTpU4ecKue CTaTUCTHYECKHE KpHUTEpHH,
MO3BOJISIIOIIUE  OLEHUTh  3HAYMMOCTb  Pa3IUuuil B
CpaBHMBAEMbIX TpyMIIax IO KaXIOMYy U3 IIOKa3aTeleH.
Henocratkom ~ Takoro  moaxoja — 4acTo  sBJSETCS
HEJO0CTaTO4YHAsl OLEHKAa B3aUMO3aBUCUMOCTH PpE3YJbTaTOB
KJI[J. ¥ xIMHWYECKUX OaHHBIX CO CTENEHBIO TKECTH
IMHEBMOHUH, noaTBepkieHHoM MetonoMm KT. B nactosmei
paboTe Ui M3y4EHUs B3aMMOCBSI3M TaKUX IEPEMEHHBIX
UCTONB3YyeTC ~ METOJ|  ONTHMAJbHBIX  JIOCTOBEPHBIX
pasouenuii (O/IP). Hayunas m mpaktudeckas 3HaYMMOCTb
Hameld paboThl 3aKJII0YAETCs B OLEHKE C KaKOW TOYHOCTBIO
CTETEHb TSKECTU ITHEBMOHMU, MOJATBEPKICHHAs
oO0bexTrBHBIME faHHBIME KT, MoeT ObITH IpeackasaHa 1o

0O.B. Cenbko
@UI] «Hngpopmamuka u ynpagieruey
PAH, ®5VH «Llenmpanvuwii HUH
Onudemuonocuuy Pocnompebnaozopa
Mocksa, Poccus
senkoov@mail.ru
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MockBa, Poccus
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pesynmptatam  KJI[I u  KIMHMYECKUX  JaHHBIX C
WCIOJIb30BaHUEM METOO0B MAalIMHHOTO 0OydeHusi. WHbIMH
CJIOBaMH, CTENEHb TKECTU MMHEBMOHMM IMPENICKA3bIBACTCS
mo pesynpbratam KJIJI W KIMHWYECKHX JaHHBIX C
WCTIONE30BaHUEM aJITOPUTMA, HACTPOSHHOTO (0OYYEHHOTO)
1o AaHHbIM KJIJ] ¥ KIMHUYEeCKUX ToKa3aTesield alueHTOR.

2. JIAHHBIE

3rageHus 105 KIMHUKO-TAOOPATOPHBIX —IIOKa3aTelel
aHAJIM3UPOBAINCH B JABYX rpynnax nanuentos COVID-19:
rpymme u3 113 mammeHTOB 03 MHEBMOHWH WM C JIETKOM
dopmoit mueemonnu (KTO - KT1), a taxke B rpymme u3 31
MaIeHTa co cpemHeTsukenoi ¢opmoit maeBmonnn (KT2 —
KT4).

3. METOAbI AHAJIN3A JAHHBIX

[lpn aHamm3e M[aHHBIX WCIOJB30BAJCS CTaHAAPTHBIA
HenapaMeTpUYeCKuil KpuTepui ManHa-YUuTTHHU.
Hcnonp3oBanack Takke METOZ ONTHMAIBHBIX JOCTOBEPHBIX
pa30ueHMi, MPEICTABISIONIHNA CO00 TEXHOIOTHIO aHAIN3a
JIAaHHBIX, OCHOBaHHYI0 Ha IIOCTPOCHHH ONTHUMAIBHBIX
pa30ueHMii MPOCTPAHCTBA OOBICHSIOIINX MepeMeHHbIX. [Tpu
3TOM pa30MeHHe CUYUTACTCS ONTHMAJIBHBIM, €CIH OHO
MO3BOJISIET HAWJIYYIIUM 00pa3oM pa3fiesiuTh CpaBHHBaeMbIe
rpynnsl. Mcnons3oBanace Bepcust meroga OP, B kotopoi
ONTHUMAaJIbHbIE Pa30MEeHUs HIIyTCd B OJHOM M3 JBYX
MHOXXECTB pa30HUeHHH:

- ceMeiicTBO pa30MeHH HMHTEpBAIOB  3HAYCHMI
OTJENBHBIX IMEPEMEHHBIX Ha JBAa HMHTEPBAla C MOMOIIBIO
OJHOM IPaHUYHOU TOYKOIA,

- ceMeicTBO  pa3OWeHMH  JBYMepHOH  oOsactu
COBMECTHBIX 3HAYCHHMI Map TEepeMEeHHbIX Ha dYeThIpe
nojo0iaacT ¢ [OMOINBIO  TpaHWl,  NapaJuIeNbHBIX
KOOPAWHATHBIM OCSIM.

OnTumanbHble pa3OWeHUs WILYTCS IO OO0ydJaromei
BoIOOpKe  S={(Y1, X1, ..., (Ym, Xm)}, THE Vi - 3HaueHHE
OuHapHO#  mporHosupyemoit nepemenHoit Y €{0,1} , X;
BEKTOp  3HAYEHHWH  MOTEHUMAIBHBIX  OOBICHSIOIINX
mepeMeHHbIX Xy, ..., Xp. BHyTpnm yka3aHHBIX ceMeicTB
MPOM3BOJIUTCS TIOUCK Pa3OMeHHs, JJIsl KOTOPOTO JIOCTHraeT
MaKCHMYM (pyHKIHOHaIA

062382



IX Mesxaynaposas KoHpepeHuus n MoioaéxkHast mkoina « MHpopmamonHble TexHooruu 1 HaHotexHonorun» (MTHT-2023)

Cekuust 6. THGpOpMaLMOHHBIC TEXHOIOTHH B OHOMEIUIIIHE
;‘: -
Q=) (F-5m, W

rae Y- cpennee 3nauenune Y Bo Beeii BBIOOpKE, ; - cpelHee
3HadyeHne Y BHYTpHU momodiacTé (KBagpaHTa) pa3OMeHus C
HOMEpOM |, m; - 9ucio OOBEKTOB BEIOOpKH S, mms
KOTOPBIX ~ 3HA4YEHUS  COOTBETCTBYIOIIMX  MEPEMEHHBIX
MOMAar0T B KBAPAHT C HOMEPOM I.

OIllcHKa CTaTHCTHYECKOW 3HAYMMOCTH OMITUPHYCCKUX
3akoHOMepHOcTet B Meroae OJIP mpousBoautcs ¢
MOMOIIBIO NEPECTAaHOBOYHOTO TECTa, 3aKJIOYAIOIIErocsi B
MHOTOKPAaTHOM CpaBHeHUM 3HaueHuu QyHkimonana Q (1)
CO 3HAYEHUSAMH J3TOr0 (YHKIHMOHAJTa Ha CIydailHBIX
BEIOOpKAX, MOJMYYEHHBIX W3 HCXOJHOW BBIOOPKH IIyTEM
MHOTOKPAaTHBIX TEPEeCTAHOBOK 3HAYCHUH mepeMeHHOH Y

OTHOCHUTEIIFHO  (UKCHPOBAHHBIX  IIO3WIMHA  BEKTOPOB
MIepEeMEHHBIX X1, --.y Xy Ilpu omieHKE 3HAUHMOCTH
IBYMEPHBIX 3aKOHOMEPHOCTEH HCIIONMB3yeTCs IPHHITUIT

oputBel Okkama B cuenyromeii gopme. Bomee croxHas
MOJIeNb JI0JIKHA OBITh MCIIOJIB30BaHa TOJBKO B TOM Cllyyae,
eclIM  OHa  OIpoBepraeT  HyJNeByW  Trumoresy o0
HUCUCPIBIBAIOMICM OIMMCAHUM 3aBUCUMOCTH C TIOMOUIBIO
npoctoit mogenu. Meton OJIP Bxomut B maker Data Master
Azforus DMA (https://azforus.com/), KOTOPBIN
HCTIONB30BAJICS M aHANM3a MaHHBIX. [lakeT BKIIOYAeT psij
M3BECTHBIX METOJOB aBTOMAaTHYECKOW KiacCH()HUKANU C
YYHTEeIIEM, B UHCIO KOTOPBIX BXOASAT JIOTHCTHYECKAs
perpeccusi, TpagUCHTHBIH OYCTHHT, METOJl OIIOPHBIX
BEKTOPOB, METOJ CTATUCTHYCCKH B3BEIICHHBIX CHHIPOMOB.
Bonpioe uucno aHANM3UpPYEeMbIX IOKa3zaTenedl nenmaet
HEo0XoIuMOoMH KOPPEKIIHIO Ha MHO>KECTBEHHOE
TecTUpoBaHHe. HaMu wHcCHonp3oBajicss B JaHHOM Cllydae
u3BecTHBIN MeTo]] bordepponu-Xonma.

4. PE3VJIbTATDI

Hcnonb3oBanne xpurepusi MaHHA-YUTTHA U OJJHOMEPHBIX
Mozeneit Mmerona OJIP BBIIBIJIO CYIIECTBEHHBIE DPa3IHYUS
MEXIy CpaBHUBAaEMBIMH TPYIIIaMH, ONHCAaHHBIMH B pasziese
2. B tabnuue | npuBeneHs! ceMb MOKazaTeNeH, pa3Indus Mo
KOTOPBIM OCTAIOTCS 3HAYMMBIMH JIAKE MOCIIC KOPPEKIUHU 0
Boudepponu-Xonmy. JlaHHBIC IOKa3aTelnd MOTYT OBITh
MOJTyYeHBI NPOCTHIM HAOJIONCHNEM 3a TMalWeHTaMH I C
HCTIONB30BaHUEM OOIIEOCTYITHBIX B HACTOSIEE BpeMs
OKCHMETpOB. B HMX 4YMCIIO BOILIM YHCIIOBBIE IOKa3aTENH
JUINTENIBHOCTh THpeTndeckor nuxopanku B ausax (ITJIM),
ypoBeHb catypanuu kpoBu O2 (Cat.02), yacToTa AbIXaHUS
(U0). Taxoke 3HAaUNMBIMH OKa3aJIMCh OMHApHBIE TTOKA3aTEIIH !
Hanmuune acteHuzanun (AcrteH.), cHibkeHue Beca (CB),
napymenne cHa (HC), Bemanenue Bojoc (BB). I'panutgr,
noxydenHsle 1o wmerony OJIP, ykasanel B cronoOue
«'panunia» Juiss  YUCHOBBIX MoOKa3areneil. Pe3ynbrarsl
KOppeKIMM 3HaYMMOCTH 10 U-KpUTepuio IpHUBEICHHl B
cronbue MT-BX.

Pesynbrarel a1 AByMEpHOH MOZENN INpEACTaBIEHBl HA
Puc. 1. KBangparukamu 0003HaYEHBI cirydaw,
COOTBETCTBYIOIME€ OTCYTCTBHIO ITHEBMOHHMH HWIIH JIETKOMY
TEYCHUIO IMTHEBMOHHH, 3BE30YKAMH OOO3HAYEHBI CIIydau,
COOTBETCTBYIOIME TSDKENOMY TEUEHHIO ITHEBMOHWH. W3
pUCYHKa  BHIHO, 4YTO  TPH  POJOIDKHTEIHLHOCTH
MUPETHUYECKON JHMXOpajgKd Bblle 3 JOHEH U YpPOBHE
catyparuu Hiwke 98,5% aObCoNMIOTHO MPeodIaJaroT CIyvan ¢
TSDKENBIM TeueHueM HeBMOHMH (kBaapaHT I1).

Ta6mima . CTATUCTHYECKAS 3HAUMMOCTD [TIOKA3ATEJIENA

ITokazarenp | I'panuma | U-kputepuit | MT-BX

1A 3,5 0,00002 0,0014

CB - 0,000001 0,00003

HC - 0,000003 0,00023

BB - 0,00001 0,0007

Car, 02 98,5 0,00002 0,0014

Acren, - 0,000031 0,0022

yza 16,5 0,00017 0,012

W3 9 cimywaeB, YHOBIETBOPSIONIMX  YKa3aHHBIM
YCIOBUSIM, 8  COOTBETCTBYET  TSDKENOMY  TCUCHHIO
nHeBMoHud. HaoOopor, B kBaapanre |, mpu ypoBHe

caTtypaluu Bbllie 98,5 W UIMTENIBHOCTH HNHPETHYECKOU
JUXOpaJKd HUXKE 4 IHEH, cOOTBETCTBYIOT 71 ciyuaii Ge3
ITHEBMOHHHY WM JIETKUM TEYCHHEM ITHEBMOHHMHU U TOJBKO 4
ciy4asi ¢ TSDKENBIM TeUYCHHEM ITHEBMOHHH.
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Puc. 1. JIBymepHOe pa30meHHe IO MOKa3zaTelsiM carypamuu kposu O2 u
JUTHTENbHOCTU MUPETHYECKON TUXOpagKU

B03MOKHOCTh ~ JOMArHOCTHKA  TSDKEIOro  TEYEHUS
MHEBMOHMH  M3yYaJllaCh C HCIOJb30BAaHUEM  METOJIOB
pacrio3HaBaHUs, Bomiemmux B maker Data Master.

Haunyumme pesynasratet ¢ ROC AUC Boeime 0,8 Obum
MOJIyYeHBl C WCIHOJIb30BAHHEM JIMHEWHOr0 AWCKPUMHUHAHTA
Oumepa, jorucTuyeckoi perpeccmn u  meroma CBC.
KoJjleKTHBHOMY —pCILCHHI0O TI0 3TUM TPEM MeToJaM
cootBerctByer ROC AUC=0,845, uysctBurensHocTh 0,82,
cnenuduarocts 0,81, F-mepa 0,88.

Jlurepatypa

[1] Senko, O.V. Chapter 8 - Search of regularities in data: optimality,
validity and interpretability / O.V. Senko, A.V. Kuznetsova, I.A.
Matveev, I.S. Litvinchev — Advances of Artificial Intelligence in a
Green Energy Environment,Academic Press, 2022. — 385 p.
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Annomayus — DJNeKTPOHHbIe KOHTAKTHbIE JMH3BI (IKJI)
NPEACTABIAIT €000i BBICOKOTEXHOJIOTHYHOE peLieHUe LJIst
NPOBENCHUs] IMATHOCTHMKHM, B TOM 4HCJe paHHed, Kak
oTATBMOJOTHYECKHX, TAaK M CHCTEeMHBIX 3a00JieBaHMIi.
ABTOpBI CTaTbU MNpeLIAralT peajuzanuio mnoaxogos 3II-
MeJHIMHBI NocpeacTBoM HHTerpanuu B IKJI ajekTponos nis
peaJiM3alMM  3JeKTPOMMIICJAHCHOI0  HCCJIEAOBAaHMA I
aHAIU3a IoKa3aTeseil KpPoBooOpallleHHsl IIepefHero oraesa
riaasa. B xonge mopeqmpoBanusi nmokasaHa 0M0aJgeKBATHOCTH
NPOBOMMOI0 MCC/JICJOBAHUS U BO3MOKHOCTh peajM3alMH C
JHepreruyeckoii Touku 3peHusi. Takke mnpoBeaeH mnoadop
ONTUMAJIBHOIO PACHOJIOKEHHS] JIEKTPOAOB ISl MOBBILICHUS
YyBCTBUTEJbHOCTH IIPOBOAMMOI0 HCC/IEJ0BAHNA.

Knwoueevle cnosa— 3neKmponnbvle KOHMAKMHbIE JIUH3bL,
IKJI, ouomapxkep, 3I11-meduyuna

1. BBEJIEHUE

CoBpeMeHHBI ypOBEHb HAYKH W TEXHUKH IIO3BOJISIET
peann3oBaTh MUHHATIOPHBIE YCTpOIiCTBAa Ui pELICHHS
MIMPOKOTO Kpyra 3ajgad. B wacTHOCTH, B OTambMosiorun
OJTHUM M3 BBICOKOTEXHOJIOTHYHBIX PpEIIeHUH, KOTOpoe
CYIIECTBEHHO pacimpsieT JMAarHOCTHYECKHE "
TEpareBTHYECKHE BO3MOYKHOCTH, SBISIOTCS 3JEKTPOHHBIE
KoHTakTHBIe JUH3E (DKJI). OCHOBHBIM NPEHMYIIECTBOM
OKJI sBngercss BO3MOXXHOCTh JUIUTEIBHOTO HOIICHUS
MaMeHTOM. JTO MTO3BOJISICT aHAIN3UPOBATH N3MEHEHHS TOTO
WM WHOTO IapameTpa B T€UYEHHE JUIMTENHHOTO BPEMEHH, a
HE B OTJEJbHBIE MOMEHTBHI, KOT/Ia UCCIIeAyeMbI HaXOIUTCS
B MEIMLIMHCKOM yupexaeHnu. B padore [1] omucanst OKJI,
NpUMEHSieMble  JUIi  CYTOYHOTO  MOHHTOPHPOBAHMS
BHyTpuriasHoro nasinenus (BILJ). Jpyrue paspaborku
MOKA3bIBAIOT, YTO CYIIECTBYET BO3MOKHOCTH, KOHTPOJIS M
CHCTEMHBIX IapaMETPOB, HAIpPHMEp, YPOBHS TJIIOKO3bI B
KPOBH 110 COOTBETCTBYIOLIEMY YPOBHIO [IOKO3BI B CIE3€.

2. 3TI-MEJUIIMHA 1 BUOMAPKEPKI CJIE3BI 1
MNEPEJHEI'O OTAEJIA I''TA3A

Ha mpumepe KOHTpOJsS YpPOBHS TIIOKO3BI BHIHO, 4YTO
ucnonb3oBanne DKJI mo3BoJseT MepCcoOHATM3UPOBAHO, T.€.
JUIs KOHKPETHOTO 4YeJloBeKa, IMoA00paTh HEOOXOauMoe
KOJIMYECTBO JICKAPCTBA B KOHKPETHON CHUTYAIlMH, €CIIH 3TO
HEOOXOIMMO, OPHUEHTHPYACh Ha TEKYIIYI0 KOHIIEHTPAIIHIO
TIIIOKO3EI B €T0 cje3e. AHAIN3 AUHAMHKH YPOBHS TIFOKO3BI
BO BPpEMCHHU JA€T BO3MOXKHOCTDH OIIPEACIICHUA O0OBEKTHUBHBIX
KpUTEpPHEB  JUIA  TNPEIUKTHBHON  JHArHOCTUKH,  T.C.
MPOTHO3MPOBAHUS XapakTepa pa3BUTHS 3a00iieBaHUS Y
JTAHHOTO TMAIFIeHTa W BBIOOPa Ha STOH OCHOBE IPEBCHTUBHOM
neqebHOM TakTHKH. Tem caMbIM peanmsyercs npuHmmn 311:
MCPCOHAM3UPOBAHHON, TMPEIUKTUBHOM, TMPEBEHTUBHON
MEIWIMHEL. BrImeyka3aHHbIe MPHUHIUIGI SBITIOTCS HE
TOJNBKO TPH3HAHHBIM TPEHIOM pPAa3BUTUS COBPEMEHHOU
MEIWIIMHBI, HO W 3aKPeIUIeHbl 3aKOHOAATEIbHO MPHUKA30M

E.H. Momauna
Hayuonanvuwiti meduyunckuil
uccne0o8amenbCKull YyeHmp
enasuvixobonesuei um. Ienbmeonvya
Mocksa, Poccus
iomdina@mail.ru

I1.B. JlyxxHoB
Mockosckuil 2ocyoapcmeentbiil
MeXHUYeCKUull yHugepcumem um.

H.D.baymana

Mocksa, Poccus
petervi@yandex.ru

MunszapaBa PO Nel86 ot 24.04.2018 «O06 yTBepkaeHUH
Konuenun [IPEAUKTUBHOM, [IPEBEHTUBHOMN u
MEePCOHATU3UPOBAHHON MeTUIIUHBDY. CTOUT OTMETHTH, UTO B
psine nyonukanuii BeiessioT eute 411- u STT-menuuumny [2].

OcHoBa koHuenuuu 3I1-MenTUIMHBI — 3TO OHOMapKEPHI,
KOTOpBIE MOKHO OOBEKTMBHO M3MEPUTH M KOTOPBIE MOTYT
CIy)XUTh B KayeCcTBE WHAWKATOPOB (PU3MOJIOTUUECKHX U
MAaTOJIOTHYECKNX  OWOJIOTMYECKHMX  TIPOLECCOB WU
CHCTEMHBIX/JIOKAJIBHBIX OTBETOB Ha MPOBOJMMOE JICUCHHE.
[Tpumeps! KOppeAT MEeX Ly KOHIICHTPAIUAMH Pa3IHIHBIX
KOMIIOHCHT B CJie3¢ M KPOBH IpuBeAcHbI B Tabmume 1 [3].
I[ToMuMO XMMHYECKHX BELIECTB B ClIe3e, OMOMapKepoM
MOTYT CIYXHTb (DPU3HOJIOTHUECKHE [IOKa3aTeNH, Kak,
Hampumep, ypoBeHb BI'Jl, ompeneneHue  KOTOpOro
HEOOXOIUMO ISl IMarHOCTUKH TayKoMbl. Kaskplit U3 aTux
ToKazaTeliel 110 OTAEIBHOCTH WIN B COYETAaHHHU C APYTUMH
MOXET CYHMTAThCsi OMOMapKepoM, HH(POPMATHBHBIM IIPH
MOHHUTOpPHHI€ TOTO WJIM HMHOro 3abosieBaHms. Hammune
BBIIICYKAa3aHHOW  KOPpENAIUH  JaeT  BO3MOXKHOCTH
HCTIONB30BaTh ITOKA3aTeNM CIE3HOW XMIKOCTH B KadecTBE
JUAarHOCTHYECKUX U TPOTHOCTUYECKUX KPUTEPHEB HE TOJIBKO
npu 0(pTaTbMOJIOTHYECKUX, HO U CUCTEMHBIX 3a00JIeBaHUX,
HampuMmep, npu Oone3Hu Aumbrreiimepa, I[lapkuHcoHa,
IIUTOBUHOM JKeJIe3bl, P HEKOTOPBIX BHUAAX OHKOJIOTHH U
T.0. [4]. ITloMuMO XHMMHYECKMX BEIIECTB B CJE3€,
OMOMapkepoM  MOTYT  CIYXHThb  (DU3HOJOTHYEcKHe
ToKasaTeny, Kak, HarpuMmep, yposenb BI'Jl, ompenenenue
KOTOPOTO HEOOXOAWMO MJISi JTUarHOCTHKH TIJIAYyKOMBEL. B
COBPEMEHHOH O(TaJbMOJIOTHYECKOH TIPaKTUKE aHaIN3
CJIE3HOM >KUJIKOCTH PacIpOCTpaHEH HE OYeHb LIMPOKO, YTO
HE B TIOCIEIHIOI OYepeab CBS3aHO CO CIOXHOCTHIO

aKKypaTHOTO ¥ HECTUMYJHMPOBAHHOTO 3abopa 3TOH
ouonornveckoit xuakoctu. boxee Toro, nanHas mporexypa
OCYIIeCTBMMA TOJBKO B  YCIOBUSIX  MEIUIIMHCKOTO

yupexnaenus. IlocnenHee crpaBeasuBO U JUIsl U3MEPEHUS
(busmonornueckux mokaszarenei, Hanpumep, BI'.

Ta6nuua l. KOHIIEHTPAIIM PA3JIMYHBIX KOMITOHEHT B CJIE3E 1 B
KPOBU YEJIOKA [3]
Kom Konyenmpayusn e Konyenmpavusn e
cnesze Kposu

Na* 120-165 MM 130-145 mM
K* 20-42 MM 3,5-56 MM
T'nroxo3a 0,1-0,6 MM 4,0-6,0 MM
MoueBuna 3,0-6,0 MM 3,3-6,5 MM
Jlaktar 2-5 MM 0,5-0,8 MM
ITupysat 0,05-0,35 MM 0,1-0,2 MM
Ackopbar 0,008-0,04 MM 0,04-0,06 MM
O0muii 6emox ~79/L ~70g/L
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Cexuus 6. HbopMaoHHbIE TEXHOIOTUH B ONOMEIUIINHE

Pemmmte  mpobnmemy — IUIMTETBHOTO  MOHHTOPHHIA
OMOMapKEPOB MOTYT IIOMOYb KOHTAKTHBIC JIUH3BI, KOTOPHIC
MAIlieHT MOXET HOCHTh B TEUCHHE CYTOK W Ooee.
CoBpeMeHHBI YPOBEHb MHUKPOSJIEKTPOHUKU U TEXHOJOTUH
MO3BOJSICT ~ WHTETPHUPOBATh B  KOHTAKTHBIC  JIFH3HI
OuoceHcopsl M UHMQPOBYIO 3JEKTPOHUKY C KaHaJaMU
nepeaadn nHPOPMAIUN U SHSPTUHL.

3. DJIEKTPOHHBIE KOHTAKTHBIE JIMH3BI

OKJI yxe TpPUMEHSIOTCS B KIMHHYECKOH TIPAKTHKE C
2016 r., korma m3aemnwue TriggerFish (Lsetiapus) moayduno
paspelieHre OT aMepHKaHckoro muHHcTeperBa Food and
Drug Administration (FDA) Ha nmpuMeHeHWe B KIIMHAYECKOH
npaktuke B CIIA. Ha puc.l nokasan oOuui BHI Takoro
W3JETHS U €T0 pa3MelLleHue Ha a3y uist usmepenus BI'JI B
TeyeHue cyTok [5]. B mureparype MOKHO HAHTH pe3yIbTaThl
Ta0OpaTOPHBIX  WCCICNOBAHUM,  HAaNpaBICHHBIX  Ha
unTterpanuro B DKJI gaTunkos pasnuyHoro tuma [4].

Sensor

Telemetric-Chip

a)

Puc. 1. DnekTpoHHbIE KOHTaKTHbIe JMH3bI TriggerFish juist usmepenus
BHYTpHIJIa3HOTO gaBieHust [5], a - poro DKJII, 6 — OKJI Ha rinasy

B pamkax corpynauuectsa MI'TY um. H.O. baymana u
HMUL] TI'b wum. Tenpmronblia Benmercss pa3paboTka
AIEKTPOHHBIX KOHTaKTHBIX JIWH3, B KOTOpHIE
TpeIIonaraercs HHTETPUPOBATh TETPANIOJISIPHYIO
SNEKTPOAHYI0 CHCTEMY OTBEACHHS U  peau3aluu
aNeKTpouMIeaHcHoro uccienoanus (OUU). Meronnka
nosiuiiack B 60-x rogax, HO mpezrnosarana nocjie aHeCTe3UH
YCTaHOBKY IPHCOCOK HAa OTKPHITHIA Tla3. B coBpeMeHHBIX
paboTax HccienoBaHHE NMPOBOAUTCS TpaHCHAIBIEOPaIbHO,
T.€. Yepe3 3aKphITOe BEKO, YTO MO3BOJSIET OTKA3aThCS OT
aHectesuu [6]. MerToauka TO3BOJIIET  HCCIENOBATh
MOKa3aTel KpOBOOOpamIeHHe NepefHero OTAeNia TIIIasa,
KOTOpBIE SIBISIIOTCS MHOOPMATUBHBIMU OMOMapKepamMu MpH
ITOCTAaHOBKE u YTOYHEHUH JIHarHo3a psina
oranpmonoruyeckux 3a00JieBaHUil, B YaCTHOCTH, MUOIIUH,
0COOCHHO Ha paHHUX CTAIWAX Pa3BUTHA B TOM YHCIEC U Y
geteil.  3aKOHOMEPHBIM  Pa3BHUTHEM  BBINICYKa3aHHOU
TEXHOJIOTHH SBJISCTCS WHTETPAIsl 3JIEKTPOJTHOW CHCTEMBI
OTBEJICHHUS B JJIEKTPOHHBIC KOHTAKTHBIE JIMH3BL. OTO
MMO3BOJISICT  pealM30BBIBaTh MMOXOAbl  3II-MequuuHBl H
HCKJTIOYUTH HEJJOCTATKH TPAHCIIAIBIIEOPATIEHOTO IMTOAX0A.

ABTOpBI cTaThu MpoBeNH MojenupoBanue DOU mpu
WHTErpaluu JJIEKTpoAHON cuctembl oTBeaeHus B OKIJI
METOJIOM KOHEUHBIX OJJIEMEHTOB. [lepBoHadanmbHO Oblia
MOCTPOEHa aHATOMUYECKH JIOCTOBEPHAs TpeXMepHasi MOJIEIb
C YUETOM CHCTEMBI KPOBOCHAOKEHUS Ta3a. BBumy Hamngus
CUMMETPUM M JJII COKpalleHHUs pPacyeToB, TIE€OMETPUs
yHOpoIIeHa 10 AByXMepHOH. B xome mMomenmpoBaHus ObLIO
MOJIYYE€HO, YTO IMPHU HATUYUH DJIEKTPOU3OJSILIUOHHOTO CIIOS
HamnpsOKeHHE Ha TOTSHIIMAIBHBIX JJIEKTPOJIaX COCTABISACT
7,9 MB, a NIOTHOCTh TOKAa HE IIPEBHIIAET 3 MA/M?, 4TO
SIBJISICTCS OHoaIeKBaTHBIM IUIS  OKUBBIX  TKaHEH.
HeobOxoauMass MOIIHOCTh JIJISi MCCIICOBAHHS COCTABIISIET
okono 60 wmxBt, uro B cpaBHenun c¢ OKIJI jgpyrux
KOJUIEKTHBOB SIBJISIETCS IOCTATOYHO CKPOMHBIM IOKa3aTeaeM

u MOATBEPIKAACT  MOTCHLUHMANBHYI0  BO3MOYKHOCTb
UHTerpanun aexTpoaos B IKJI [7].
IToMuMO  3TOrO,  MPOBEACHHOE  MOJCIMPOBAHHE

MO3BOJIMJIO OTPENEIUTh ONTHMAJIBHOE pPacHoJOKEeHHE U
paccTosHHe MEXAy IOTCHIMAIPHBIMH W  TOKOBBIMH
9NIEKTPOJAMH B CHCTEME OTBEICHHUS: TMpU JUaMeTpe
KOHTAKTHOM 4acTH 3JIEKTPOAa AUAMETPOM | MM pacCTOsHHE
MEXIy NOTEHIUAIBHBIMU AJIEKTPOJaMH JJOJKHO COCTABIISITh
6 ™M, mexmy TokoBeiMH 10 MM. B Takom ciyuae
HauOOoJbIIasi YyBCTBUTEIBHOCTh K M3MEHEHHUIO IyJIECOBOTO
KpOBCHANIOJHEHUST  OyOeT HAaxXOOUThCA Ha  TIyOHWHE
PacIoI0oKeHHs IWINAPHOTo Tella riiasa.

Proa{} /=100 khz Surface Carret dansity nam

3 N 3 2 1 1 2 3 ] 3 .

Puc. 2. PacnipeienieHne IIOTHCOTH Toka [A/M?] B TKaHSX TIiazamepemHero
oTJeNa ri1asa.

4, 3AKJIIOYEHUE
[Hupokue BO3MOKHOCTH OKJI MIO3BOJISIIOT
pean30BbIBATE COBPEMEHHBIC MOXOJbl K OpraHU3aluu
3IpaBOOXpaHEHUS - 31I-mMequiuHy. OcHOBHOE

npeumyniectBo OKJI — 3TO BO3MOXHOCTH AJUTENHLHOTO
HEWHBA3MBHOTO MOHHMTOPHMHTA TE€X WM MHBIX MOKa3aTenei
raza ®W OopraHm3Ma B 1eJoM. [IpoBemeHHOe Hamu
MOJIETUPOBAaHUE TIO3BOJIUJIO  OMPENENUTh ONTUMAaIbHOE
pAacIIOIOKEHHE IEKTPOJIOB B CHCTEME OTBEIICHHS, KOTOPYIO
npeamnoJiaraeTcs nHTerpuposath B DKJI.
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Cekuust 6. THGOpMaMOHHBIC TEXHOIOTHH B OHOMEIUIIHE

HelipoceTeBoli KitacCu(pHUKaTOP
TUIIEPCHEKTPAIbHBIX H300pakKeHUI

B.B. I'peuxun

Camapckuil HaYUOHATLHBIL
UCCIe008amenbCKUll YHUGEpCUmen um.
axademuxa C.I1. Koponesa
Camapa, Poccus
bgredkin@yandex.ru

B nocsiennune roanl AJIs Hecaei0BaHUs OHOJIOTHYECKHX TKaHel Bce
yale HCMOJIb3YIOTCS pa3IHYHble onTHYecKHe MeTobl. Ilebio pagoThl
sIBJIsieTcsl M3yueHHe BO3MOXKHOCTell HeiipoceTeBoro kiaccugukaropa
JUATHOCTHPOBATH OHKOJOrHYeckue 3adoseBanusi koxu. IlpoBeneno
HCCIe0BAHUE THUINEPCNEKTPAIbHBIX CHHMKOB  3JI0KAYeCTBEHHOMH
MeJIaHOMBI M NHMIMEHTHOro HeByca. Pa3padoran kiaaccudukaTop
THNEPCHEKTPAILHBIX M300paskeHHii HAa OCHOBe HEHPOHHBIX ceTeil
riay0okoro o0y4yeHus. Pe3yJbTaTbl JeMOHCTPHPYIOT BO3MOKHOCTH
NpUMeHeHHs1  MALIHHHOIO  o0yyeHHs NpH  KiIaccHpUKALHU
THNEPCHEKTPAILHBIX H300paskeHMil Pa3IMYHBIX HOBOOOPa30BaHMUIA
KOKHOro mokpoBa. Kiaccupukauusi TIumepcneKkTpoB — pasHbIX
HO30JI0TH (3710Ka4YecTBEHHBIE U J00poKkayecTBeHHbIE
HOBOOOpa30BaHHUsA, 3/I0KAYeCTBEHHAsi MeJaHOMa M IHMIMeHTHbIe
HOBOOOPa30BaHNs) MOKA3BIBAET TOUHOCTH Kaaccupukamun 95%.

Knroueevie Cl106a——c2unepcneKmpaibHan susyaiuzauyus,
3Jl0KaueCmeeHHasa mejlanoma, maccu¢ukauu}l, Meduuuncmm
Ouaenocmuka, HeﬁpOHHble cemu, NUMEHMHbBLIL Heeyc, paxk
Koorcu.

1. BBEJEHUE

Pak KOXKH SBJISAETCS OJTHUM u3 CaMBbIX
pacnpoCTpaHEeHHBIX OHKOJIOTHYECKUX 3a00JICBaHUH B MUpE.
Ilo nanHbIM BcemupHON opraHusanuu 34paBOOXPAHEHMs, B
2020 roxy 6puto BBIsBIeHO 1 200 000 HOBBIX CiTydaeB paka
k0w [1]. TIpuunHO# MOAABISIONIEr0 OOJIBITHHCTBA CMEPTEit
OT paka KOXH 3a TIOCIECJHHE JIECSATWICTHS SBIAETCS
MeJlaHOMa, HECMOTpPsI Ha TO YTO Ha Hee NPUXOAUTCS JIMIIb
OJIMH NPOLICHT OT BCEX CIIyJacB paka KoxH [2]. MenaHoma —
3TO OIACHBIM, PEIKUNA U CMEPTEIbHBIM THUIl paka KOXKU.

IloBbIcUTH ImIAaHCHI MAlMEHTa HAa BBDKMBAHUE IIPH
MEJAaHOMHOM  THUIIE paka MOXHO IIyTeéM  paHHeEil
quarHocTukd.  OJHaKO  OCHOBHOW — TPYOHOCTBIO B

KAueCTBCHHOM BBIBICHUM OIlyXOJIEH MEJIAHOMBI SBJIETCS
€e BHENIHASN CXOXKECTh C TakuUM JI0OpOKAa4eCTBEHHBIM
HOBOOOpa30BaHMEM, KaK IIUTMEHTHBIH HEBYC.

B mocnemnee Bpemsi  HaOMpaOT — IOMYJISPHOCTH
ONTHYECKHE METOABl JWArHOCTUKH. OJHUM U3 TaKHX
METOJIOB SIBIISICTCS TUIIEPCIIEKTpabHas Busyamusarms [3, 4],
KOTOpasi MO3BOJSIET HE TOJBKO MOIYy4aTh ONTHYECKHUE
n300paKeHNST UCCIIEyeMBIX YIaCTKOB, HO M CHEKTPaIbHbBIC
JIaHHBIE O PACCEMBAHUM WM MOTTOMIEHUH H3ITy4eHUs STHM
YYaCTKOM.

I'mnepcrniexTpanbHast BH3yalIn3alysl IJIsl MCCIIEIOBAHUI
MATOJIOTUIl KOXKHM MO3BOJISIET PELIUTh Cpa3y JiBe HPOOJIEMBI:
(1) nccnenoBaHme MOBEPXHOCTH KOXKH JUIA OOHApYKEHUS
TpaHHUIl TIOPaXEHHBIX Yy4YacTKOB H (2) ucclenoBaHUe
MOP(]OJIOTHYECKUX ¥ XHMHUYECKHX CBOWCTB KOXH JUIS
BBIIBIICHUA U I/UICHTI/I(I)I/IKaIH/II/I TAIA OIYXOJIN. I[aHHaﬂ
TEXHOJIOTHS I03BOJISIET MOBBICHTH TOYHOCTH JNArHOCTHUKH
[1aTOJIOTUI KOXH, Y4YUTBIBAs (huznonornyeckre
0COOCHHOCTH MAllMeHTa, a TakXkKe KOMIIO3UTHbIE H
Mopdonornueckue OCOOCHHOCTH TIOBEPXHOCTH KOXKHOTO
MIOKPOBA.

B.O. Bunokypos
CamapcKruii HayuoHAILHBIU
UCCne008amenbCKull yHugepcumem um.
axademuxa C.I1. Koponesa
Camapa, Poccus

shleppel@yandex.ru

N.A. MarBeeBa
CamapcKkuii HayuoHAIbHbIU
uccne008amenbCKull yHugepcumen uMm.
axademuxa C.I1. Koponesa
Camapa, Poccus
m-irene-a@yandex.ru

Llenpto paboOTHl sBISiCTCS W3Y4YEHHE BO3MOXKHOCTEH
HEHPOHHOW ceTH M KIACCU(HKALMY HIESPCHSKTPAIBHBIX
N300pakeHUH KOXKH.

2. MATEPUAIJIBI U METO/IbI

B paborte wucnonp3oBanbl 2550 wmzoOpaxkenwii: 1275 —
3JI0KavYecTBeHHON MesmaHoMbl (MM) u 1250 — murmMeHTHOTO
Hesyca (PN) (cm. Tabmuiy ). T'mmepcnektpanibHbie
M300paXKeHUsI PETHCTPUPOBATIUCH N VIVO ¢  TIOMOIIBIO
aKyCTOONTHYECKOW  TUIEPCHEKTpaNbHOM  Kamepnl. Ee
O0COOCHHOCTBIO  SIBIAETCS  JABOMHAas  IOCIENOBaTENIbHAS
¢unbTpanusa. OHa oOecrieunMBaeT MNPAKTUYECKH IOJHYIO
KOMIICHCAllUI0 ~ CIEKTPAJbHBIX M NPOCTPAHCTBEHHBIX
UCK@XCHUH  M300pakeHHss B OJMHOYHOM  sdelKe,
BBI3BIBAEMBIX Au(pakiueil bparra, oObMHO MPUBOIAMINX K
HU3MEHEHHIO CIICKTPOB B OTJEIBHBIX TOUKaX [5].

Tab6nuna 1. COCTAB HABOPA JIAHHBIX
KoanvectBo KoaunuecTso
Ne Juaruo3 .
00pasuoB H300pakeHHit
1 310KauecTBEHHAs o5 1975
MellaHOMa
TIurmeHTHBIN
2 25 1275
HEBYC
Perucrpanus TUIEPCIIEKTPAIILHBIX n300paxeHuit
MNpou3BOANIIACH B CaMapCKOM 00JIJACTHOM KJIMHUYECKOM
OHKOJIOTHYECKOM JIUCTIaHCEepe. INomy4ensr
I/IHq)OpMaL[I/IOHHBIG corjiacus KaxXa01ro HCHBITYEMOTIO.

IIpoBenenne wuccrnenoBaHuss OBUIO OZOOPEHO 3THYECKUM
komuTeToM CaMapcKoOro rocyJapCcTBEHHOTO MEIMIMHCKOTO
YHUBEpCHTETA.

Pe3ynbraToM perucrpanuy 0JHOTO 00pasia ¢ HOMOIIBI0
OIMCAHHOW YCTAaHOBKHU SIBIISIETCS THIIEPKYO, COCTOSAIINI n3
151 ontuueckoro u3obpakeHust Ha uIMHAaX BOyH OT 430 HM
g0 730 uM c marom 2 M. [lepen nanbHeiHmMM aHaIM30M
THIIEPKYObl OBUIM yMeHbIIEHB 10 51 wn300pakeHHs B
nuanasone ot 530 uM 10 630 HM.

Jnst  xmaccupukanuy  M300paXKEHWH HCIOb30BaIACh
cBepTovHas HeilpoHHas ceTh apxutektypsl VGG [6]. B
ormmune oT AlexNet, Qokycupyromeiics Ha MEHBIINX
pa3Mepax OKOH M IIarax IEpBOTO CBEPTOYHOTO YPOBHS,
VGG obpamaercst & raybune —wu3obpaxenus  [7].
Wudopmarust o ciiosx HEHPOHHOW CETH IpEeACTaBIeHa Ha
Puc. 1. Ha Bxom Heipocetn moxaaercsi neymepHoe RGB
n300pakeHne, NpUBEAEHHOE K pasmepy 224x224 nukceneil.
OOyuatomass W TecToBast BBIOOPKH C(OPMHUPOBAHBI W3
N300paKEHUH, W3BICUCHHBIX W3  3apErHCTPUPOBAHHBIX
THIIEpPKyOOB B yKa3zaHHOM nuamna3ose oT 530 M 1o 630 HM
(em. Tabmumy 1), B coortHomenun 90% wu 10%,
COOTBETCTBEHHO.
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Cekuust 6. THGOpMaLIMOHHBIC TEXHOIOTHH B OMOMEIUIIHE

Layer (type)

conv2d_48 (Conv2D) (None, 224, 224, 32)

max_pooling2d 48 (MaxPooling (Mone, 112, 112, 32)

convad_41 (Conv2D) (Mone, 112, 112, 64)

max_pooling2d 41 (MaxPooling (Mone, 56, 56, 84)

conv2d_42 (Conv2D) (None, 56, 56, 128)

max_pooling2d 42 {MaxPooling (Mone, 28, 28, 128)

conv2d_43 (Conv2D) {Mone, 28, 28, 256)

max_pooling2d_43 (MaxPooling (Mone, 14, 14, 256)

convad_44 (ConviD) (None, 14, 14, 256)

max_pooling2d 44 (MaxPooling (Mone, 7, 7, 258)

dropout_8 (Dropout) (Mone, 7, 7, 256)

flatten_8 (Flatten) (Wene, 12544)

dense_16 (Dense) (None, 256)

dense_17 (Dense) (Mone, 2)

Puc. 1. Apxurekrypa UCIoib3yeMol CBEpTOYHON HEHPOHHOI ceTn

B apxuTekType HEHPOHHOM CEeTH TakkKe MpeIryCMOTPEH
TPUTTEP B BHJE O0PATHOM CBSI3H, MPEPHIBAIOINUM 00yUeHHE,
€CIIM TOYHOCTh HE YBEIMUYMBACTCS B TEUCHHE TPEX SIOX
00yUYCHUS.

3. PE3VJILTATBI U OBCYXKJAEHUE

OOyueHne ¥  TECTHPOBaHHWE  HEHPOHHOW  CeTH
MIPOBOIIIOCH HAa KOMIIBIOTEPE, OCHAIIIEHHOM IPOLIECCOPOM
Intel(R) Core (TM) i7-10700KF 3,80 I'Tu, BumeokaprToit
NVIDIA GeForce RTX 3080 u 32 I'b onepatuBHON maMATH.

Mertpuku o0y4eHus npeacTaBieHsl Ha Puc. 2.

model accuracy

100 { — trai
rain ~

=== validation

=
=]
tn

ahcuracy

0.80

075

0o 05 10 15 20 25 30 35 40
epoch

Puc. 2. Tounocts Monenu kinaccudukanuy npu npopexuBanuu  10%
MPU3HAKOB: CIUIOLIHAS JIMHUS — 00ydJaromiasi BEIOOpKa, MyHKTUPHAS
JIMHUS — TECTOBAs BEIOOPKa

B pabore wucnonb3oBamMCh  pa3MYHBIE  BapHUALUU
(GYHKIMHN yoaneHus HEHPOHOB IIOCIEIHETO CIIos, KOTOpoe
3aKJII0YaeTcs B IPUCBAMBAHUU HYJISI CIIy4ailiHO BBIOMpaeMbIM
IMpU3HakaM Ha Jrane oOydeHWs. MBI  HCHOIB30BAIN
ynaneane 10%, 15%, 20%, 25%, 30%, 40%, 50%
[IPU3HAKOB. YBEJIMYEHUE NIPOLEHTA YAAJIEHUS IPUBOAMIO K

YMEHBLICHUIO TOYHOCTH MoJieny. [Ipy yaaneHun IoJI0BUHEI
BECOB TOYHOCTb HEHPOCETEBOro KiIacCH(UKaTOpa CHUZUIACH
10 76%. Hanbompuryro To4HOCTH, paBHYy0 95%, HelipoceTb
npeacTaBuwia npu ygnaneHnn 10% mpusHakoB (cM Puc. 2).
VYuuteiBasi HeOONBIIOW pasMep oOydaromeil M TecTOBOM
BBIOOPOK, JOCTUTHYTBIC 3HA4YeHHs TOYHOCTH MOTYT Kak
YBEJIMYMBATHCS, TaK M yXYALIAThCsS HPH HUX YBEINYCHHH.
OnHako, TOJyYeHHBIE  pe3ylabTaThl  JEMOHCTPHPYIOT
BO3MO’KHOCTh NPUMEHEHUsI HEHPOHHBIX CEeTeH Ul aHajInu3a
TUIIEPCTIEKTPAIBHBIX M300paKeHNN C LeNbi0 0OHApYKEHUSI
37I0KQUYECTBEHHON MEJIAHOMBI.

4, 3AKJIIOYEHUE

B nmamHOIl paboTe OblTa TpOBENEHAa BYXKIACCOBAsS
KiIaccu(UKanusl THIEPCIEeKTPAIbHEIX  H300pakeHuit 50
00pa3IoB MAaTOJIOTHH KOKH B BUAUMON OONACTH C IOMOIIBIO
HeliponHOoW  cetn  apxurektypel VGG.  TouHocTb
KIaccu(UKanum 37I0Ka4eCTBEHHOMN MEITaHOMBI u
NMUTMEHTHOrO HeByca coctaBwia 95%.  Mcnonb3oBaHue
ITOpUTMa KIacCH(UKALIN THIIEPCTIEKTPATbHBIX
n300paXeHNI Ha OCHOBAaHWM HEHPOHHBIX CETEH MO3BOJIUIIO
MOBBICUTH TOYHOCTH PA3JCNCHUS MATOJOTHH KOXH IO
CPaBHEHHUIO C JPYTHMH MeToJaMu Kiaccudukanuu [8, 9].
Taxke pa3BUBaeMble MOAXOABI MOTYT OBITH HCIIOIH30BAHBI
JUTSl aHaJIM3a MYJIbTUMOJIATBHBIX ONTUYECKUX NaHHBIX.[10]

JlanpHeWmye HCCIEeNOBaHNs IIAHUPYETCS IOCBATUTH
ONTUMH3ALUN apXUTEKTYpbl HEHPOHHOM CETH, YBEIUUEHHIO
oOydJaromeil BBHIOOPKM ¥ MOJECPHM3AIMK  aNlapaTHBIX
CPEICTB PErUCTPaIMU THIEPCTIEKTPATIBHBIX H300paskeHUI.
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Cexkuus 6. THGOpMaLMOHHBIE TEXHOJIOTHH B OMOMEAUIIMHE

Knaccudukanusa 1epMaroCKONUYeCKUX
M300PaKEHUM C IOMOILBIO CBEPTOYHOM
HEUPOHHOM CETH

B.A. [leproruna
Camapcruti HaYUOHATBHBII UCCIEO08AMENbCKULL YHUBEPCUMEN
um. akademura C.I1. Koponesa
Camapa, Poccust
latoryxx@gmail.com

Annomayua—CTaTbsi NOCBSAIIEHA  pelleHHUI0  33/a4H
KkJaccupukanuu JAepMAaTOCKONMHNYeCKUX u300pakeHu i
HOBOOOpa3oBaHuii Ko:ku. OCHOBHOIi LeJbI0 PaGoThI ABJIsIETCS
BbISIBJICHUE  HM300paskeHUH  OMyXO/IM  3JI0KAYeCTBEHHOW
MEJAHOMBbI CpelH APYIrHX 3a00JIeBaHHIl KOXKH IIPH NOMOILHU
HelipoceTreBoro kiuaccuduxaropa. Kiaccudpukarop mnocrpoen
Ha 0a3e CBepPTOYHON HEPOHHOIi ceTH apxuTeKTypsl Inception-
V3. B paGore ucnmojb3oBaHbl ABa HaGopa aaHubix. Jlis
00y4eHus1 HeHPOHHOI ceTH MPUMeHSICS Ha0op
nepmarockonnyeckux cHumkoB HAMI10K, naxoasimmiicss B
OTKpBITOM JocTyne. Bropoii HaGop AaHHBIX NOJYYeH NpHU
NOMOIIM MakeTa AepMmarockona. M3o0paxkenusi U3 BTOPOro
Ha0opa JaHHBIX ObLIM HpeJBapUTE]bHO 00padoTaHbl C

NOMOIILI0  IBeTOKOppekuuu. B  pesyasTaTte o00y4eHus
HeHPOHHOI ceTH HA MepBOM HaGope AAHHBIX YAAJ0CH 10CTHYb
TOYyHOCTH  KJaccupukanum  O6oee  90%. IloayueHHsble

pe3yJibTaThl MOKA3bIBAIOT, YTO HelpoceTeBasi KiaccupuKanmus
MOsKeT ObITh MCNOJIb30BAHA B MEIMIMHCKOH IMATHOCTHKe ISl
JHATHOCTUKH HOBOOOPA30BAHMIA.

Knrouesvie  cnosa—oepmamockonus,  310KauecmeeHHan
Menanoma, Kiaccuukauusa, MeOUUUHCKAA  OUAZHOCHMUKA,
HelpoHHas cemv, HOB000PA306aHUe, YUBEMOKOPPEKUUA

1. BBEJIEHUE

3510KaueCTBEHHBIE HOBOOOPA30BaHUSI KOXM  SIBJISIOTCS
OJHUMH W3  Haubolee  YacTO  JAMATHOCTHPYEMBIX
OHKOJIOTHYeCKHX 3aboneBaHmit [1]. A 370KadyecTBEeHHas
MeJIaHOMa SIBJISIETCSl OJTHMM M3 CaMbIX ONACHBIX BHJIOB paka
KOKHM, XOTS M  BCTpEUaeTcsl pexe, ueM Jpyrue
3JIOKaYECTBCHHbIC IIOPAXKEHUS KOXH. [3-3a  BBICOKOM
BEPOATHOCTH MCTACTAa3UPOBAHHSA CMEPTHOCTH OT MCEJIAHOMBI
cocrasiseT okoio 74% [2].

IloBBICHTE BBIDKMBACMOCTb ITalTMCHTOB Cco
370KaUeCTBEHHOH  MENAaHOMOM  IOMOTaeT  ITOCTaHOBKA
JarHo3a Ha CaMbIX PaHHUX CTaIUAX Pa3BUTHUA 3a00J1eBaHUS
[3]. Hmenno MO3TOMY paHHAA JIUarHOCTHKa
HOBOOOpA30BaHMI KOXM KpaiHe akTyasbHa. OCHOBHBIM
JUAarHOCTMYECKMM  HHCTPYMEHTOM TIpM  BCEX  BHJAX

HOBOOOPA30BaHUI SBIAETCS BHU3YAIbHBIH OCMOTp BpavoOM-
nepmatonoroM. Takol crnocod MMarHOCTHKH HEJb3sl CUMTATh
MOJTHOCTBIO JIOCTOBEPHBIM, TaK KaK Ha PaHHUX CTaIHAX
pa3iMuHbIe HOBOOOPa30BaHUs KOXKH MOTYT OBITH ITOX0XKH IO
CBOEMY BHENIHEMY Buay. Tak, Hampumep, 37J0KA4eCTBEHHAs
MeJaHOMa MOJKET OBITh MOX0)Ka Ha IMHMIMEHTHbIH HeByc [3],
MO3TOMY TOYHOCTh TIOCTAaHOBKHM JHAarHo3a IIOJTHOCTHIO
3aBUCUT OT KBaIM(HUKAIMK Bpada-CHEIUAINCTa U COCTaBIISIET
or 60 mo 80%. «3070TBIM CTaHIAPTOM» IHATHOCTHUKH
HOBOOOpa30BaHMI SIBIISIETCS THCTOJIOTMYECKOE
uccnenosanue. OHO ABISETCS MHBA3UBHBIM, TaK KaK IS €r0
MpoBeJIeHHsI TpeOyeTcs moydeHue ouonrtara. Kpome toro, B

N.A. MarseeBa
Camapckuii HaYUOHATbHBLIL UCCTIE008AMENbCKULL VHUGEPCUMEN
um. akademura C.I1. Koponesa
Camapa, Poccus
m-irene-a@yandex.ru

Clly4yae 370KauyeCTBEHHON MENaHOMBI B3SITHE OHOIICHHM MOXET
CIIPOBOLIMPOBATH JanbHellIee pa3BuTHe omyxoin [2, 3].

OmHUM W3 MEpCHeKTHBHBIX ONTHYECKUX METOJOB
JIUAaTHOCTUKH KOXHBIX 3a00s1eBaHIH SIBJIIETCSL
JepMmatockonusa. TeM He MeHee, aHANNW3 WM300pakeHUl Io-
IIPE)KHEMY OCTAETCS HETPUBUAIIBHON 3a1adeil, U TOYHOCTb
MOCTAaHOBKM JIMAarHO3a 3aBHCUT OT ONbBITA M KBAIH(HUKAIIN
Bpaua. B mocnennee Bpems JUId aHanmM3a U KiaccU(HUKAILUH
JIEPMOCKOIIMYECKIX HN300paKCHUH HCIOIB3YIOT METOMBI
MalIMHHOTO OOYYeHHWs C TpHUBICYCHHEM TIyOOKOTO
obyuenust [4, 5].

B nmanmHO# paboTe mpemmaraeTcsi WCHONB30BaTh LIS
aHamu3a JCPMATOCKOMMUYCCKHX H300paKCHHUH CBEPTOUHBIC
HEHPOHHBIE CETH.

2. MATEPUAIJIBI U METO/IbI

B pabore wucmonp3oBaHbl J1Ba HAaOoOpa  JaHHBIX
JIEpMaTOCKONMYECKUX M300paxkeHni. [IepBbiit Habop MaHHBIX
— 3TO CBOOOJHO pacTIpOCTpaHAEeMbI HaOOp HM300paxeHui
HAM10K. On COJICPIKUT 1113 n300pakeHU
3JI0Ka4eCTBEHHBIX MenaHoM M 8902 u300pakeHWid Jpyrux
HOBOOOpa3zoBaHWH. @DaKTHUECKWI IHMArHo3 Al KaKIoTo
ciydasi OBIJT MOJATBEP)KICH C MOMOIIBIO THCTOJIOTHYECKOTO
WCCIIEZIOBaHUsI WM OCHOBAaH HAa KOHCEHCYCE JIepMAaTOJIOTOB
[6]. B uccnenosanum naop HAM10K 6bL1 ncmionb30BaH st
00y4eHHs ¥ TECTUPOBAHHUS HEHPOHHOM ceTu.

Bropo#i Habop maHHBIX cocToWT U3 112 wm300pakeHMi
3JI0KaYECTBEHHON MeEIaHOMBI U 689 M300pakeHUA IPYTHX
HOBOOOpa3oBaHuii  (cpemud  KOTOPbIX 249  NHMIMEHTHBIX
HeBycoB, 177 xkepaTto3oB, 175  0a3albHOKICTOYHBIX
KapiuHOM, 74 manuiuioM, 14 TIIOCKOKJIETOYHBIX KapIUHOM).
®dakTHYeCKHi ~ IWArHO3  JUIT  KaXIOro  ciaydas  ObLI
MOJATBEPIKICH C TIOMOIIBIO THCTOJIOTMYECKOTO HCCIICAOBaHMS.
N300paskeHust BTOporo Habopa JaHHBIX ObUIH MOTyYEeHbI TPU
MOMOIIIY MakeTa JiepMarockona [7].

COop HaHHBIX JJIs1 WUCCICNOBAHUS IMPOBOIIICST Ha 0ase
Camapckoro 00JIACTHOTO KIMHHUYECKOTO OHKOJOTHYECKOTO
JICTIaHCepa. [Monmyyaemple  mpH  TOMOIIM  MakeTa
JIEpMaTOCKOIIa HU300paKEeHUS HMEIOT HUCKOKCHHYIO
nBeronepenauy (cMm. Puc. 1, 6) u MOryT He MOJAXOJMTH IS
COBMECTHOTO HCIIOJIb30BaHKs C MEPBBIM HAOOPOM TAHHBIX B
omHOM Kiaccudukarope. [loaToMy H300pakeHHs BTOPOTO
Habopa JIAHHBIX TIPOIILIH MPEBAPUTEIBHY IO
[BETOKOPPEKIINIO, KOTOPasi MPOBOAMIACH C UCIOJIb30BaHHEM
CIIEAYIOIIUX COOTHOILICHUMN:

R=085+R+0,15+(18+*B) 1)
G =075+G, )
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Cexnus 6. HbopMaoHHbIE TEXHOIOTUH B OHOMEIUIINHE

B=18+B ©)
rae R, G, B — 0003HaueHus KpaCHOTO, 3€JCHOT0 U CHHErO
IBCTOBBIX KaHAJIOB, COOTBCTCTBCHHO.

Koaddummentsr mBeTOKOppeKIH  OBUTH  TTOZOOPAHBI
TakuM 00pa3oM, YTOObI CHUMKH M3 BTOPOTO Habopa JaHHBIX
COBIIAIAJIH TIO SIPKOCTH, KOHTPACTHOCTH U OamaHcy Oeroro ¢
canMkamu u3 Habopa HAM10K (cm. Puc. 1, a, B).

v =
TS

BIoS
o Bl b

a o B

Puc. 1. M3o0paxeHusi, caenaHHbe C HCIOJIb30BAHHEM IOJSPU30BAHHOTO
cBeta: a) u3obpaxenus u3 nabopa HAMI10K (pasmep 600x450) ; 6)
n300pakeHne, IIOMyYeHHOE C MOMONIBI0  JEpMaTOCKOma, 10
usetokoppekuuu (pasmep 1920x1080); B) uzobpaxenue, MoIyuYeHHOE
C MOMOILIBIO JAEPMATOCKONA, IOCIE I[BETOKOPPEKLMH  (pasmep
1920x1080)

Kak sBugHo w3 Puc. 1, mocime [BETOKOPPEKIMA
HU300paKCHUE y4acTKa KOXKU OoJiee MOX0Ke Ha U300paKeHUs
W3 TEpBOTO Habopa MaHHBIX W HE HMEET JKEJITO-3EJIEHOTO
MO/ITOHA.

Knaccudukarop aepMaTockonmmueckux —HM300pakeHUH
HOBOOOPa30BaHMH KOXHM ITOCTPOCH HAa OCHOBE HEHPOHHON
ceTd W peanu3oBaH Ha s3bike Python. Mcmomb3oBana
apXHUTEKTypa CBEPTOYHOW HelpoHHOW cetn Inception-V3.
Mogens Inception-V3 6buta Beimymiena B 2015 romy, oHa
uMeeT B 00meill cioxHocTH 42 cimos W Oojiee HU3KUN
KO3 (HUIHEHT OIHO0K, YeM ee TpeAlecTBeHHuKH [8].
Knaccudukarop  mo3BosmsieT  BBIOETATH  M300pa)KeHHs
MEJIAaHOMBI CPEJH APYTUX HOBOOOPA30BaHUM KOXKH.

3. PE3VJILTATBI U OBCYXJIEHUE

OOydeHne ¥  TECTUPOBAHHUE  HEWPOHHOH  CETH
MPOBOJMIOCE HAa KOMIIBIOTEPE, OCHAIIEHHOM MPOLECCOPOM
Intel(R) Core (TM) i7-10700KF 3,80 I'T'n, BuaeokapToid
NVIDIA GeForce RTX 3080 u 32 I'b onepaTuBHOM maMATH.

Metpuku o0ydeHHs IpeICcTaBIeHEI HA Puc. 2.

TouHOCTE
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Puc. 2. TouHocTs Mozmeny KiaccuduKamy (CHHUIT — oOydaromas BEIOOpKa,
JKENTHIIT — BaJIMAAI[MOHHAS BEIOOPKa)

Kak BHIHO M3 pHCYHKa 2 MOXXHO YBHJETb, YTO MOJIEIIb,
BEpOSTHO, HE Clie/iyeT 00y4aTh Najibliie, TOCKOJIbKY 3HaYCHHE
TOYHOCTH B 00oMx Habopax JaHHBIX  II€pecTaer
yBenu4yuBaThes K 20 smoxe. Mbl Takke BUAWM, YTO MOJIENb
eme He mnepeoOyuywinach Ha Habope MAaHHBIX. TOYHOCTB
KJIaccupUKauyu HM300paKeHWH IepBoro Habopa JaHHBIX
HAMI10K na TectoBom Habope cocraBuia 91%.
[IporeMOHCTpUPOBaHA  JIOCTATOYHO  BBICOKAs TOYHOCTh
paszeneHnsi HOBoOOpazoBaHMH Koxku. OHa COINOCTaBUMa C
pe3ysibTaTaMd  JPYyrHMX  WCCIEeNOBaHWH,  rme Ui
Kjaccu(UKauyu HOBOOOPa30BaHUH HCIIOJIB30BAHBI METO/IBI
MamHHOro 00yuenus [4, 5, 9].

4. 3AKJIFOYEHUE
B IaHHOU paboTe HoKa3aHa BO3MOKHOCTB
KiaccuuKaImu JEPMaTOCKOMTUYECKUX n300paKeHUI
HOBOOOpA30BaHMII KOXXH C  TIOMOIIBI0  CBEPTOYHOI

HEeHpOHHOU ceTu apXUTeKTyphI Inception-V3. Ilpu obydeHuu
HEHpPOHHOW CeTH Ha CBOOOIHO paclpocTpaHseMoM Habope
JIEPMAaTOCKONMYECKUX  HM300paKeHUH  yAanoch  JIOCTHYb
TOYHOCTH OWHApHOH Kiaccupukanuy (MeJTaHOMa H He
MmenaHoma) Gonee 90%, YTO COMOCTABHMO WM TPEBBIILIACT
TOYHOCTh  KIacCHQUKAIMA  HM300pakeHWH  APYTHUMHU
METOJIaMH.

B kagectBe mpemBapuTencHOW 00paboTkm B pabote
IpeJcTaBIeHa LBETOKOPPEKIIHS N300paKEHUH. B
JanmbHEHIIEM  IUIAHHMPYETCS  peann3oBaTh  allTOPUTM
ONTHMAIBHOTO 1Moj100pa KO3 (UIMEHTOB LBETOKOPPEKLINH,
KOTOpBIII OyZHeT OCHOBBIBATHCS HAa JAHHBIX O SPKOCTH M
KOHTPacTHOCTH HCXOZHOTO U300paskeHus. Takas
npenoOpaboTka MO3BONIUT HCHOIB30BATh HM300paKCHUS W3
MEepBOrO M BTOPOTO HAaOOpa JaHHBIX COBMECTHO B EIHMHOM
HaOope W TPOBOAWTH MOOOY4YeHHE HEUpOHHOW ceTH. B
JlaNbHEHIIeM MpeaIoKeHHBIH HEHPOCETEBOM KiacCu(pUKaTop
MO3BOJIUT MOJIEPHU3UPOBATh MaKeT JEepMaTOCKOIa, 4TO
MIOMOXKET UCTIONH30BaTh €TI0 B KAUECTBE IKCIIEPTHOM CHCTEMBI
NPY NTOCTaHOBKE JIMarHo3a.

[JanbHeiimue  mcciaemoBaHus — OyayT — TOCBSIIICHBI
ONTHMU3ALMK TPEJICTABICHHOTO Kiaccu(ukaropa, a IMEHHO
JOOOYYEHHIO W TECTUPOBAHHWIO HEHPOHHOW CEeTH Ha BTOPOM
Habope JnaHHBIX. Kpome ToOro, miaHupyercs IpOBECTH
JIOTIOJTHUTEIILHOE HCCIIEIOBaHUE HEOOXOIMMOCTH
L[BETOKOPPEKIIMA ¥ €€ BIMSHHS Ha pPe3yJbTaThl OO0y4eHHs
HEHPOHHOMU CETH.
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PaMaHOBCKOE paccessHUe I aHAINn3a
CIIEKTPAJIbHBIX XaPAKTEPUCTUK KOKHU MAIIUEHTOB C
XPOHUYECKOM CEPACYHOU HENOCTATOYHOCTHIO

10.A. Xpucrodoposa
Camapckuil HaYUOHATLHBIL
uccne008amenbCKull yHugepcumen um.
axademuxa C.I1. Koponesa
Camapa, Poccust
khristoforovajulia@gmail.com

M.A. CxyparoBa
Camapckas 2opoOdckas KnuHuveckas
6onvruya Nel umenu H.U. ITupocosa

Camapa, Poccust

Annomayua—B padote NMPOAeMOHCTPHUPOBAHO
NpUMEHeHHe PAMAHOBCKOH CHEKTPOCKONMHM JJIsl aHaIu3a
H3MEHeHHsl CHeKTPAJbHBIX CBOHCTB KOKHM NAIMEHTOB MpPH
HAJMYUH XPOHHMYECKOi cepaeyHoii HemocTtaTouHocTtH (XCH).
PamanoBckne  CHeKTPbI  ObIIM  3aperHCTPHPOBAHBI €
HCMOJIb30BAaHHEM JIa3ePHOT0 MOAYJSA ¢ HEHTPAJbHON NIHHON
BOJIHbI 785 HM, ONTHYECKOro NpPOOHMKA W NOPTATUBHOIO
cnexktpomerpa QEG5 Pro. B ucciieioBanuu NPUHSJIM y4yacTHe
133 nmauueHTa ¢ MOATBEP:KACHHBIM JUATHO30M XPOHUYECKOI
cepe4yHOil HEIOCTATOYHOCTH M 64 310pPOBBIX BOJIOHTEPA,
COCTABJISIOINHX KOHTPO./ILHYI0 rpynmy. Ananus
CHEeKTPATBHBIX JaHHBIX OCYHIECTBJISUICS € HMCHOJb30BAHHEM
METOAa YAaCTHYHBIX HAHMEHBIIHX KBAJAPaTOB B COYETAHHH C
OUCKPUMMHHAHTHBIM  aHaamsom  PLS-DA. Ha  80%
IKCIEPUMEHTAIbHBIX JaHHBIX obl1a MocTpoeHa
cTaTHCTHYeCKasi MoJedb JUISl aHAIM3a  CHEKTPAIbHBIX
pa3auuuii koxu nauueHToB ¢ XCH M KOHTPOJIbHOW Ipynmbl.
Ouenka 3¢ @(eKTUBHOCTH NOCTPOCHHOH CTATHCTHYECKOM
Mojead  ObLIa  mMpoBeleHa  HAa  TeCTOBOM  Hadope
JKCHePUMEHTANBHBIX JaHHBIX (20%), KkoTopas cocTraBHiIa
ROC AUC 0,838.

Kniouesvie cnosa — Pamanoséckas  cneKkmpocKonusi,
XeMOMempuKa, CHMAMUCMUYECKUIl  AHAIU3, XPOHUYECKAs
cepoeuHas HedOCMamouHoCmy.

1. BBEJIEHHE

IIpn Hanuuuu y NAUUEHTOB XPOHUYECKOH CEpIEHHOM
HenmoctatouHoctd  (XCH) B oprammsmMe — dYeJoBeka
3HAYNTENIFHO YBEIMYMBAECTCS YypoBeHb Oenka proBNP,
KOTOpBII paclieIuisieTcs, 00pa3oBbIBasi aKTHBHBIH TOPMOH
Mo03roBO# HaTpuitypetmueckuii mentug (MHIT mwm BNP).
Beicokuit ypoBenr BNP Bemer k cHmxenuio peadbcopOrmn
HATPHUSl U YCKOPEHHOMY BBIJICJICHHIO €r0 ITOYKaMHU BMECTE C
BOJOW W JpyrMMH BemlecTBamMH. TakuM  oOpaszom
CyImIeCTBYeT CBS3p MEXIy HalW4ueM Yy TalHeHTa
3aboneBanust XCH u OMOXMMHUYECKHMMH HM3MEHEHMSIMH B
OpraHusMe.

Ceromus Uil M3y4deHUss OMOXMMHMYECKUX W3MEHEHUH B
OpraHmM3Me  4YeJliOBeKa HAa  OCHOBAaHHM  Pa3JIMYHBIX
OMOJIOTNYECKUX NPOO YCIIEIIHO NPUMEHSIOTCS ONTHYECKHE
Metozel [1]. PamaHOBCKOE paccesiHre YCIEIHO pa3BUBAETCS
B KJIMHUYECKUX JKCIIEPUMEHTAIBHBIX HCCIEJOBAaHUAX IS
OIIEHKH KOMIIOHEHTHOTO COCTaBa KOKH, CHIBOPOTKH KPOBH,
ypuHbl. OnTuueckuii MOAXOJ  TMO3BOJSAET  OLIEHHBATH
N3MEeHEHHE (DYHKIMOHAIBHBIX TPYII HyKJIEHMHOBBIX KUCIOT,

N.A. bpatdenko
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E.A. JleGeneBa
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bonvruya Nel umenu H.U. ITupoeosa

Camapa, Poccus

JILA. BpaTtueHko
CamapcKkuii HayuoHAIbLHBIU
uccne008amenbCKull yHugepcumen uM.
axademuxa C.I1. Koponesa
Camapa, Poccus
shamina94@inbox.ru
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6€J'IKOB, JUIIUAOB M YIJICBOAOB, HU HUX W3MCHCHHI B
CJICACTBUM PA3JIMYHBIX BHCHIHUX U €CTCCTBCHHBIX (I)aKTOI)OB.

Hampumep, B  psage  paboT  IpPOJEMOHCTPHPOBAHO
IIpUMEHEHUE PamanoBcKkoro paccesHUs IS
KOJIMYECTBEHHON OLEHKH HM3MEHEHUs KOMIIOHEHTHOTO

cocraBa kKoxu [2], ypunsl [3], ceiBopoTkH KpoBHu [4] mpu
HAIMYKH Y MAMHEHTOB 3a00ICBaHMs [TOYCK.

B pa6ore [5] npemtoxeno mpumeneHne PamaHOBCKOMN
CHEKTPOCKOIINH ULt U3MEpEHUH CIIEKTPaJIbHBIX
XapaKTepUCTHK YPHHBI Uil JUAarHOCTHKU HMIIEMHYECKOU
6osesnn cepaua. [Ipu sTom Hambonee NOCTYITHBIM OPraHOM
JUISE iN VIVO JIeTeKTHPOBaHMS OMOXMMHYECKUX M3MCHEHHH B
OpraHu3Me B CIICICTBUE DPa3BUTHS 3a00JE€BaHMH SBISETCA
Koxa uenoBeka. lloaToMy menbpio aaHHOW paboThl OBLIO
MPOBEACHNE aHaM3a CHEKTPAIbHBIX XapaKTEPUCTHK KOXH
nmanueHToB i faerektuposanust XCH ¢ ucnone3oBaHnem
PamaHOBCKOT0 paccessHUs 1 XeMOMETPHUECKOTO aHaIIN3a.

2. MATEPUAJIBI U METO/IBI

A. DxcnepumenmanvHas yCmanoKka u 00beKmol
uccneoo8anus

In vivo wuccremoBanme koxu marmeHtoB ¢ XCH wu
BOJIOHTEPOB ~ KOHTPOJBHOM  TPYNIBl  HPOBOJWIOCH B
Camapckoii roposckoii Kinuanueckoit bonbauiie Nel umenn
H. U. Iluporosa c HCIIOIB30BaHHMEM 3KCHEPHUMEHTAIHLHOTO
000pyoBaHuUs, KOTOPOE BKIIIOYAET B €Ol Ta3€PHBIN MOIYIIb
C ILEHTpalbHOW JJIMHOM BOJNHBI 785 HM, MOPTaTHUBHBINA
cunextpomeTp QE6500, onmtmueckmii mpo6HuK inPhotonics.
[TogpoOHOe  ommcaHWe  YCTAHOBKM  IIPEICTAaBIEHO B
pabote [2]. Perucrpaiyiss CIEKTPOB OCYIUECTBIISIACH B
jquanazoHe 780-1000 HM co CHEKTpalbHBIM pPa3pelICHHEM
0,2 HM™m.

Jus  Kaxmoro rmanMeHtTa M BOJIOHTepa  Obun
3aperuCTPUPOBaHbl 2 CIEKTpa KOXKH JIEBOTO U MPaBOTO
npexaruiedssi. Bce cmekTpbl ObUIM  3aperucTpUpoBaHBl B
TeyeHue 20 CEKyHI C TPEXKpaTHBIM ycpeaHeHweM. bpum
MPOaHaJIM3UPOBaHBl 266 CIIEKTpOB KOXH 133 manmeHToB ¢
XCH, 128 cnektpoB koxu 64 310pOBBIX BOJIOHTEPOB
KOHTPOJIBHOU IPYTIIBI.

b.  Ananus IKCNepuUmMermaibHvlX OQHHBIX

Jdnst  aHanmM3a  OKCHEPUMEHTANbHBIX  JAHHBIX  OBLI
HCIIOJIb30BaH MAna3oH 803-914 HM, KOTOPBIi
cootserctByer 1050-1800 cM™! ¢ xapaKkTepHBIMH THKaMmu
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PaMaHOBCKOI'O pacCesHus OMOJIOrMYECKUX KOMIIOHEHTOB B
obmacrtu “fingerprint”.

OKcnepUMeHTaJbHbIE JIaHHBIE OBUIM pasjelieHbl Ha
00yJaromyl0 W TECTOBYIO BBIOOPKY B COOTHOIIEHHH 1:4
TaKUM 00pa3oM, YTOOBI CHIEKTPHI KOXKH HPEIILICYHid 0HOTO
MaIyeHTa Monand Moo B 00ydaromlyro, MO0 B TECTOBYIO
BbIOOpKy. Craructuueckas Mozenb Juisi  OWHAapHOU
KIaccu(UKalMyd CHEeKTpoB Koku mamuentoB ¢ XCH u
3JIOPOBBIX BOJIOHTEPOB, MOCTPOCHHAsI C IIOMOIIBIO METOAa
JACTHYHBIX HAWMCEHBIIUX KBaJpaToB B COYCTAaHHU C
JIMHEHHBIM JHCKPUMHHAHTHBIM aHanusom (partial least
squares with discriminant analysis, PLS-DA), 6suta 06ydena
Ha 80% sKcrepHMeHTaIbHBIX JaHHBIX (80% CIEKTPOB KOXKHU
nmanueHToB ¢ XCH m 80% cHekTpoB KOXKH BOJOHTEPOB
KOHTPOJIbHOW  rpynmbl). OQQeKTHBHOCTh MOCTPOSHHOU
Mozenu OBUTa OIIGHEHa Ha TECTOBOM Ha0ope MaHHBIX,
KoTophIi coctaBui 20% SKCIEPUMEHTANbHBIX AaHHBIX. J{Jist
KOJIMYECTBEHHOM OLEHKM IIOCTPOEHHUS CTaTUCTHYECKOM
MoJenH  ObUIM  paccuumTaH  3HAYEHHS  TOYHOCTH
KIaccu(puKanmuyd ¥ IUIOIAAM TOA  XapaKTePHUCTHYECKOU
kpusoit ROC AUC.

3. PE3VJIbTATBI

OCHOBHBIE MOJIOCHI B PAMAHOBCKHX CIICKTPaX KOXH Kak
nareHToB ¢ XCH, Tak M BOJOHTEPOB 3I0POBOH TI'PYMIIEI
ACCOLIMHMPOBAHBI CO CICHYIOMMMHA XHMHYIECCKAMH CBSI3SMH:
1080 cmt vs(PO2") B dochommmuaax, 1158 et v(C-C) B
kapotuHouax, 1240-1280 cM* vas(P02) B pocdonumumax,
1335 cm ! @(CH2CHs) B nunupaax, 1445-1450 cm* 3(CH,) B
nunupax, oenkax, 1645-1650 cv? v(C=C) B numupaax,
Awmun |.

Jna cnektpoB koxu nanueHToB ¢ XCH u 3m0poBhIX
BOJIOHTEPOB OblJIa TIOCTPOEHA CTaTHCTHYecKas mozens PLS-
DA ¢ ucnonp30BaHEM JIBYX JIATEHTHBIX IIepeMeHHBIX LVS.
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Puc. 1. Pa3bpoc PLS-mpemukTopoB crektpoB koxu mnamueHtoB ¢ XCH
(n=53) u 310poBBIX BoOHTEPOB (N=26) U3 TECTOBOI BEIOOPKH

IIpu obyuennn monenmu Ha 80% SKCHEPHIMEHTAIBHBIX
MAHHBIX OBUTA MMOJYYeHA TOYHOCTh  KiacCH(HUKAIMN
CIIEKTPaJIbHBIX JaHHbIX KoM mauueHToB ¢ XCH u
BOJIOHTEPOB  KOHTPOJIbHOW  Tpymmbl, paBHas  0,87.
TectupoBanne wmojenu Ha 20% 3KCHEPUMEHTAIBHBIX
JMAHHBIX TO3BOJIMJIO TIOJIyYUTh TOYHOCTH KiacCH(UKAIMN
0,90 cootBetcTBeHHO. Pa3zdpoc 3HaueHuit PLS-nipennkTopos,
BBIYMCIICHHBIX IS KaKIOTO CIIEKTPa JKCICPUMEHTAILHON
BBIOOpKM TmpencraBieH Ha pucynke 1. ROC xpusas

TECTOBOro HabOpa MaHHBIX IIPEJCTaBlIeHAa Ha PHUCYHKE 2,
snaueane ROC AUC cocrasmio 0,838 (0,734-0,943 mpu
JIOBEPUTEIBEHOM HHTEpBaie 95%).
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Puc. 2. ROC xpuBas i pa3jeneHus CIeKTpoB KoxkH mnarueHToB ¢ XCH
(n=54) u 310poBbIx BosoHTEPOB (N=26) U3 TECTOBOI BEIOOPKH

4, 3AKJIIOYEHUE

CpaBHHUTENBHBIA aHAMN3 PAMAaHOBCKHX CIHEKTPOB KOXKH
MalUEeHTOB ¢ XCH u 310pOBBIX  BOJOHTEPOB,
3apEerHCTPUPOBAHHBIX N VIVO B KIMHHYECKHUX YCIIOBHSX,
MOKa3bIBACT BO3MOXHOCTH  OOHAPYXKCHHUS  HM3MCHCHHIA
OMOKOMITOHEHTHOT'O COCTaBa KOXKHU MPU HATWYHH CEPACIHO-
cocyauCThIX  3aboneBanuil. DGGHEKTUBHOCTh MOAXOIA
MPOAEMOHCTPUPOBAHA IPU BaJIMIALIUU MOJEIU HA TECTOBOM
Ha6ope OKCIICPUMECHTAJIbHBIX JaHHBIX, TOYHOCTb
kiaccudukanmu cocraBuia 0,90.

BJIATOJIAPHOCTH

Pabota BeImonHeHa mpu noanepikke rpanta PHO Ne 21-
75-10097.
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AHaM3 NOBEPXHOCTHO-YCUIIEHHOTO
KOMOMHAITMOHHOT'O PACCESIHUS IJ1a3Mbl KPOBH
MAIMEHTOB C 3a00J€BAaHUAMHU YHIOMETPHS
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Annomayusn — B HacTosiliee BpeMsi paK JHAOMeTpPHs
siBJIsieTcs1 Hauboslee PacHpPOCTPAHEHHBIM PAKOM MOJIOBBIX
OpraHoB B  pa3BUTbIX crpaHax. Hexoropble THIBI
TUINEePILIa3HH IHAOMETPHSI MOTYT NMPOrpeccHpoBaTh /10 3TOro
3JI0KAa4eCTBEHHOT0 HOBOOOpa3oBaHusl. JI1A JHATHOCTHKH B
pekuMe peasibHOr0 BpeMeHH CYIIeCcTBYeT He00X0AUMOCTh B
CO3AaHUM MeTOJ0B OObLEKTHMBHOH OIEHKH, TMO3BOJISIIONINX
ANArHOCTHPOBATH NaToJOrHYecKHe H3MeHeHHsI.
Hccaenosanue MOCBSIIIEHO aHAJIHU3Y TOBEPXHOCTHO
YCHJIEHHOMY PaMaHOBCKOMY (KOMOMHAIIMOHHOMY) paccesiHHIO
MJIa3Mbl KPOBH € MOCJIEIYIOIIHM MHOTOMEPHBIM AHAJIM30M
(PLS-DA) cnekTpajbHBIX JAHHBIX 5l JAMATHOCTHKHM pPaKa
JHAOMETPHSl, THUNEpPIVIa3sud M KOHTPOJbLHOW rpynnbl. B
pe3yJbTaTe TOYHOCTH pa3eleHHus] aAeHOKAPIMHOMBI ISt
NPOBEPOYHOr0 Ha0opa JAHHBIX cocTaBuIa 85%
(cienuuuHOCTb 92%, YYBCTBHTEJILHOCTL 66%).

Kniouesvle  cnosa—  pamanoeckas — cneKmpocKonus,
Kombunayuonnoe pacceanue, SERS, PLS-DA, sundomempuii,
2unepniasus, ROJUN, A)CHOKAPUUHOMA

1. BBEJIEHUE

CoBpeMeHHass MeAWIIMHA JUKTYeT CBOM TIpaBUia H
MPEObSBISCT BBICOKHE TpeOOBaHHMSA K  JIHATHOCTHKE
3a00JIeBaHUi W K MPABWJILHOCTH MOCTAHOBKH JUarHo3a. B
HACTOSIIUI MOMEHT B JJHATHOCTHKE MATOJIOTHI YHIOMETPHUS
€CTh HEepelleHHBbIE TPOOJIEMbI, TaKWe KaK HEJOCTaTOYHAS
YYBCTBUTCIBHOCTh W CICIH(UYHOCTH  HCCIICAOBAHHH,
WHBa3WBHOCTh  MPOLEAYP W  BBICOKass  CTOMMOCTH
MIPOBOIUMBIX JIUATHOCTHYECKIX MAHUIYJSAIUHA. B cTpykType
THHEKOJIOTHYECKUX  3a00JIeBaHWK  JIMJUPYIONINE MecTa
3aHMMAIOT MATOJOTUH AHJ0- U Muomerpus [1]. [lo naHHBIM
Hay4HOMU JINTEPaTypPBI camoi pacnpocTpaHeHHOI
MATOJIOTUEH DHIOMETPHS SIBIIACTCS TIONHIT SHIOMETPHS —
21,7-27,3 % cmy4aeB. ['uneprasust sHIOMETpUs O€3 aTHITHH
BcTpewaeTcs ¢ dactotod or 4% mo 10% cioydaeB wu
OTHOCHTCSI K YacTO PEelUJAUBUPYIONIHM 3a0oneBanusiM [2]. B
3,7-11,6 % BbIABIsIETCS COYETAHHAS [TATOJIOIMS - IIOJIMAIT U
THIEPIDIA3MHA  SHIOMETPUs. MaIUrHA3AIUS  JKEIe3UCTON
THIIEPIDIA3UN | TIOJIHIIA YHIOMETPHUS BeTpedaeTcs B 2—5% u
nocruraer  10% B mocTMeHomaysze.  ATHIHUYecKas
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THIEpIUIa3usl TIPOrpeccCHpyeT B MHBA3UBHBIN pak B 25-50%
ciy4aes [3].

Jns  muddepeHInanbHON — AUATHOCTUKH — MATOJIOTHIA
JHIOMETPHsSI 30J0THIM CTAHIAPTOM [0 CHX IOp SIBJISETCS
THCTOJIOTHYECKUIT  METOJ  UCCICJOBAHUS  OMONCHHHOTO
marepuaia. OIHAKO MNPaBUIBLHOCT THCTOJOTHYECKOTO
3aKJIIOYEHUs] BO MHOIOM 3aBHCHUT OT YeJOBEYECKOTO
(akTopa: TOTHOLEHHOCTh 3abopa TKaHEW JHIOMETPHS,
CYyOBEKTUBHOCTD TPH OIIEHKE TMCTOJIOTMYECKUX TIPErapaToB,
YPOBEHb KBAIM(HKAINYU CHENUATUCTOB. Ha mpakTuke, naxe
y  CHEHHUAIHUCTOB  3KCHEPTHOrO  YPOBHS  MPOIIEHT
PACXOXICHHS 3aKIFOUCHHH THCTOJIOTUYECKUX PE3YJIbTaTOB
KpallHe BEJMK, a BBIIOJHEHHUE BBICOKOYYBCTBHTEIHLHOTO
HMMYHOTHCTOXMMHUYECKOTO HCCIICAOBAHUS B OOJBIIMHCTBE

CJIy4acB  HCIAOCTYIIHO. Taxke crout OTMETHUTb, 4YTO
TMOJIy4YCHUEC Marte€puaja JJIsL TUCTOJIOTHUYCCKOT'O
HCCIICAOBAaHUA  COIPSOKCHO C  pHUCKaMM, TaKWMMH  KakK
TMOBPEKJIACHUC 06a3ajbLHOTO CJ10s1 OHJAOMETpUA,

MOCJICONCPALNOHHDBIC U AHECTC3UOJIOTMICCKUE OCIIOKHCHUA.

Ha ocnoBanuun MNPUBEACHHBIX HTaHHBIX OBLI CACIIaH
BBIBO/J] (6] TOM, 4qTo HCO6XOI[I/IMO pa3pa60TaTL
MAJIOMHBAa3WBHBIC, BBICOKOYYBCTBUTECIIBHLIE W HEIOPOTUEC
BapUAHTBI I/ICCHGHOBaHI/Iﬁ, KOTOPBIC MOKHO HCHOJIb30BATH B
Ka4€CTBC HOBBIX IHATrHOCTHYCCKHX MCTOIOB. B JlaHHOI\/’I

pabote ObLIO MIPOBEJICHO MEXIUCIUILIMHAPHOE
uccienoBanne. B kadecTBe MeToga Obuta  BBIOpaHa
CIIEKTPOCKOIHS PaMaHOBCKOT'O paccestHus

(KOMOMHAITMOHHOTO paccesHusA) At TuddepeHnanTb-HoN
JIMarHOCTHKA HaTOJIOT U SHJIOMETpHSI. Mertozpt
PaMaHOBCKOH CIIEKTPOCKOITHH ITO3BOJISIOT XapaKTEepHU30BaTh
OMOXMMHYECKHE M3MEHEHHUs y HccllenyeMbIx oOpasnoB. B
pabore OBUT NPOBEAEH AaHAIN3 PAMAHOBCKOTO PACCESTHUS
IUIa3MBbI KPOBH TECTHUPYEMbIX 00pa3uoB. /lji1 MHOroMepHOTO
aHanmu3a OOJIBIIOTO MacCHBa  CIEKTPAJIBHBIX  JaHHBIX
MCIIOJIb30BAJI METO/I MPOCKIMI Ha JIATEHTHBIE CTPYKTYPbI U
JIMCKPUMHUHAHTHBIA aHAIN3.
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2. MATEPHUAJIbI 1 METO/IbI
Peructparmro CHEKTPabHBIX XapaKTePUCTUK
aHATM3UPYEMOH  KOJUIOMJHOW  Cpelbl TPOBOAWIM  HA
SKCIEPUMEHTATEHOM CTeHze, COCTOSIIIEM u3

cnekrpomeTpudeckoir cucremsl (RamanLife RL785, OO0
«®OTOH-BUO», Yepnoronoska, Poccust) Ha ocrose [13C-
nerekropa u mukpockoma (ADF U300, ADF, Kurail).
Criextpsl  Bo30yxknammce B OmmkHem WK muamazone ¢
MOMOIIBIO  JIA3€PHOTO MOXYJIS C LEHTPaIbHON JUTMHOU
BourHBl 785 HM. OObextB LMPlan ¢ yBemmuenmem 50x
UCTIONIB30BAJICS ISl (DOKYCHPOBKH M3IIydeHHs Ha oOpasue u
cOopa paccesHHOTO M3IIy4eHHs. /lnaMeTp 1a3epHOro MsITHa B
¢okyce cocraBisi1 MeHee 5 MKM. CIIEKTpBI PErucTpupoBaIn
B chmexTpalbHoM  auanmazoHe  380-1800 oMt  co
CNIEKTPaIbHBIM paspeinenreM 4-9 cm™. MolHocTh Jasepa
cocraBmsiia 20 MBT 11 MeToa IOBEPXHOCTHO-YCHIICHHOM
paMaHOBCKOM  CHEKTpocKomuHu.  Bpems  skcrosunuu
coctaBmiio 2 cekyHABl ¢ 10-KpaTHBIM YyCpeZHEHHEM.
CraHJapTHOE OTKJIOHEHHWE OTHOCUTEIBHON MHTEHCHBHOCTH
MOJIOC PAaMaHOBCKOTO paccesHHs s  o0pasloB He
npesbimana 10%. Peructparus cekTpoB OCYIIECTBISETCS C
nomMoIsio nporpaMMel EnSpectr.

B kauectBe Matepmanma cyOcTpaTa AT IOCTHXKCHUS
MOBEPXHOCTHOTO YCHJICHUsSI PAMaHOBCKOTO CHT'HAJIA ILIa3MBbl
UCTIONIB30BaH  cepeOpsiHpId  cyOcTpaT  Ha  OCHOBE
BBICYIIICHHOTO KoJutouga cepebpa. s dopmupoBanus
CJIOKHBIX ¥ KPYHHBIX CTPYKTYp, MOJYyYCHHBIH KOJUTOMIHBINA
pactBop oObeMoM 20 MJI BBUIMBAIM Ha QOMHHHEBYIO
(oJBry IIOMAABIO U CYIIMIN P KOMHATHOH TeMIIepaType
JI0 TOJIHOTO BBICHIXaHUs. B pe3ynbraThl BBICBIX@HHS Ha
¢ompre GopMHpPYIOTCS aroMeparsl cepeOpsHBIX YacTHIl C
KpHCTaJUlaMHd HHTpaTa HaTpusi OOBEMHOW KOHIIEHTpaLUH
0,02%. Kpucraquiel HuTpata HaTpusi  00ECIIEUHBAIOT
BO3HMKHOBEHHE KamwuisipHoro dddekra. I[lomyueHHsIi
cyOcTpaT mpeacTaBisieT co0Oi aryiomepartsl chepHIecKUuX
yacTuil pazmepomM okoJio 200 HM.

[lomyuennsle naHHble, Oyaydm 10 CBOEH CyTH
MHOTOMEPHBIMH, aHATU3UPOBAJIM C UCIIOIb30BaHHEM METO/a
JTUCKPIMHHAHTHOTO aHAJIM3a IIOCPEACTBOM NPOCKIMH Ha
nateHTHble cTpykTypsl (PLS-DA). CyTh MeTOona cocTosia B
TOM, YTO JAWCKPUMHUHAIIOHHBIC MIPaBHiIa JJIsI KJIACCOB OBLIH
3a1aHbl JIMHEHHBIMU PErpeCCUOHHBIMU YpaBHCHUAMMU.
Kaxnomy o0pasiy IiasMbl COOTBETCTBYET —AamlpHOpHAs
nHpopMaIysi 0 TPUHAIICKHOCTH K OIPEJENICHHOM rpyrIe.
Takum oOpa3zom, pgaHHBIE OBUIM  ITPOAHATM3HPOBAHBI
MOCPEAICTBOM 00y4YeHuss C yuuTeneM. Bo wu3bexanue
nepeoOydyeHusl, OLEHKA YCTOMYMBOCTH METOJa aHaIn3a
OKCIICPUMCHTAJIBHBIX JAaHHBIX U BbI60p OIITUMAJIBHBIX
napaMeTpoB ObUTM peajn30BaHbl Ha OCHOBE K-KpaTHOH
kpocc-Banmuganuu  (k =7). Ha ocHOBe perucTpupyeMmsx
BOJIHOBBIX XapaKTEPHCTHK HWHTEHCHBHOCTH PaMaHOBCKHX
CHEKTPOB COCTABISIM MATpHIy, TJe KaXIoMy o0pasiy
MpHUCBaMBaiM 3HaueHWe |, 2 wim 3, B 3aBUCHMOCTH OT
NPUHAJIEKHOCTH Kylaccy KoHTpousst (1), rumepruiasum u
notuna (2) Win aaeHOKapiuuHOMSI (3).

Jus SERS-ananusa IJ1a3MBl KpOBU ObLIH
c(OpMHUpOBaHbI  CIEAYIOIIME TPYNObl: KOHTposb (25
obpasuos), momun (31 obpasew), runepruiasus (10) wu
ajeHokapiuHoma (29 o6pasios). s kaxmoro obpasia
PErHCTPUPOBAIIOCH 3 CIEKTPa PaMaHOBCKOTO PACCESHHSI.

3. PE3VJIbTATEHI

Jls OLIEHKH THOJIyYeHHBIX TAaHHBIX OBUIO HCIIOJIB30BAHO
JIBE€ KOMIIOHEHTHI JUIsl pa3/ielieHns KilaccoB. B pesynbrare ¢
momompio  Meroga PLS-DA, TouHOCTR  pa3meneHus
PaMaHOBCKHX CIIEKTPOB aJICHOKapLIUHOMEI (3) OTHOCHUTEIBHO
KOHTPOJIBHOH rpymisl (1) U Tpymmsl MOJIUNa U TUIePIUIA3HE
(2) nnst xanmubpoBouHOrO cocraBmia 87% (crenUDUIHOCTD
94%, dyBCTBUTENBHOCTh 69%), U MPOBEPOYHOTO Habopa
cocraBuia 85% (cneruduanocts 92%, 4yBCTBHUTENBHOCTD
66%), a 11 TecToBO# BBIOOPKH 78% (crenupuaHOCTE 81%),
qyBCTBUTENBHOCTE 72%). [lpm 3TOM eciaMm HUCKIIOYUTH
KOHTPOJIbHYIO TpPYIIly M OCTAaBHTh TOJIBKO  KJIACCHI
3a00JIeBaHUH, TO 3HAYCHUs] BEPOSTHOCTH OOHApY)KEHHs
a/ICHOKapIIMHOMBI cTaHOBSATCS Oosiee 91% (kammOpOBOYHBIN
Habop 93%, npoBepounsiii 91%, TecToBblit 98%). [Ipu 3TOM
mocJe TOCTPOeHHS MoAenH aHann3a naHHbIX PLS-DA O
NPOBEAEH aHAIM3 BAXHOCTU IEPEMEHHBIX, TO €CTh, Kakas
HUMEHHO II0JIOCA MMEET HAMOOJBLIMH BeC IS pa3ieiIeHHs
kiaccoB. Takum o0OpazoM, ObUIM ONpeJeNieHbl OCHOBHBIC
mojocel 723 (C-S B Genke, CHa, amenmn), 740 (cxxarne
MUPUMUAMHOBOTO KoJibla), 1020 (bennnananun), 1053 (C-C
pactshkenue B ymnunax), 1210 (amun I0I), 1343 (CHs, CH;
CKpy4uBaHHE B Kowiarene), 1392 cm (C-H packaunpanmue),
KOTOpblE ~ OTBETCTBEHHbI 32  BBIICICHUE  TPYIIIBI
aneHokapiuHoMmel [4, 5]. CrouT OTMETHTB, 4YTO 3TO
Npe/IBapUTENbHBIE HMCCIIEIOBAaHMs, KOTOPHIE IIOKa3bIBAIOT
BO3MOXKHOCTh OOHapyXeHHs 3a00NeBaHUH ¥ MOTEHUIHUANT
MeToJa JUIsl ANAarHOCTUKH KOHKPETHBIX THIIOB 3a00JIeBaHUN
TKaHeH »SHIOMETPHS NPH HCCICIAOBAHUH OHOXKHUAKOCTH
(Tma3Mel) 3TOTo MaIMeHTa.

BJIATOJIAPHOCTU

PaboTa BBIMONHEHa TP TOINCPKKHA MHHHACTEPCTBA
HayKd W BbIcIIero oopasoBaHus Poccuiickoit denepannu B
dopme TpaHTa Ha TpoBeIcHHWE (QYHIAAMCHTAIBHBIX U
MPUKJIATHBIX HAyYHBIX HCCIENIOBAaHUN IO NPUOPUTETHHIM
HanpaBJICHUSIM Pa3BUTUSL HAyKH, TEXHOJIOTMH M TEXHHUKH
Poccuiickoii ®enepanuu, Uil MaTepUalbHON IOANEPKKU
MOJIOJIBIX POCCHUHCKUX YYEHbIX - KaHIUWAATOB HAyK M
JnokTopoB  Hayk  (rpantel  [Ipesugenta  Poccuiickoit
Oeneparyn), cormamenue Ne 075-15-2022-767 ot 12 mas
2022 r. (MK-5445.2022.1.2).
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Annomayua — IHIOMETPUO3 — 3TO COCTOSIHME, TPH
KOTOPOM JH/IOMeTpHii pa3pacTaeTcsi 3a mpeJelbl MOJOCTH
MaTkd. OJHHM H3 ero cepbe3HbIX MOCTeACTBUI sIBJsIeTCS
cyopepTwibHOCTh. ToyHAsi MPUYMHA JHAOMETPHO3Aa [0 CHX
MOp HEW3BeCTHA M HAXOAMTCS B CTAgHH HCCIeI0BAHUS.
OTciekuBaHHe CHMITOMOB HEI0CTATOYHO /ISl THATHOCTHKH
3a0oJieBaHusl. YCHEMHbI JAMAarHo3 MOeT ObITh IOCTABJEH
TOILKO C TOMOIILIO Jamapockomuu. B mpomecce Tedenmsi
3a00/1eBaHUsl M3MeHsieTCs MeTa0oJu3M TKaHell JHIOMeTpus,
YTO MNPHBOAUT K HW3MEHEHHMI0 XHMHYECKOI0 COCTaBa B
OMOKHUAKOCTAX opraHmusma. CrnekTpockonus
KoMOuHannoHHoro paccesHus (KP) cBera mnpexoctaBisieT
Bpayy HHGOPMANMIO O XHMHYECKOil CTPYKType BelllecTB B
cocTaBe HcceaenyeMon npoobI OHOKUAKOCTH (oe3
HCMOJIb30BAHUSI KpacuTeJeil MJIM JAPYrux MeTok). B aroii
padore KP-cnmekTpockonuio HMCHOJb30BAJM B  KadecTBe
JKCIPECCHOT0 MeToJa /ISl AMATHOCTHKM JHA0MeTpuo3a. [as
3TOro mpousBoauioch cpaBHenue KP-cmektpoB pas 25
00pa3loB MEPUTOHEAJbHOH >KMAKOCTH, NMOJYy4YeHHBIX OT 19
MAUEHTOB C JHAOMETPHO30M H 6 00pa3suoB KOHTPOJIBLHOI
rpynnel. B ananm3e wmcmosb3oBasicsi MeTO NPOEKIMil Ha
JIaTeHTHBbIe CTPYKTYPHI M ANCKPHMMHHAHTHBIA aHanm3 (PLS-
DA).

Knwuesvie cnoea — rxombunayuonmoe pacceanus ceema,
I'KP, PLS-DA, 3noomempuo3

1. BBEJIEHUE

DOHOOMETPHO3  ompexenseTcs  Kak  pa3pacTaHue
9HJOMETPUANBHON JKeJe3bl M CTPOMBI 33 TpeAeiaMu
SHIOMETPUAIIBHOH IOJIOCTH, YTO O0YCJIOBIEHO MCTCUCHUEM
B OpIOIIHYIO MOJ0CTh. [IpenpinyIine oT4eThl NoKa3aiu, 4To
KaXaas JecsATas >KeHIMHA BO BCeM MHpe oOpamianach 3a
MEIMIMHCKOM MOMOIIBI0 B CBSI3M C DJHAOMETPHO30M U
CHUMIITOMaMH, CBSI3aHHBIMH C OSHIOMETPHO30M, BKJIIOYAs
Ta3oByto 601k (38,7%), nucnapeynuto (29,5%) n Gecruonue
(11,6%) [2]. YuuthIBas, 4TO qUATHO3 SHIOMETPHO3a 3aBUCHT
oT THCTOMATONIOTHYECKOr0 HCCIIeIOBaHUS nocie
XUPYPIUYECKOr0 yIaNeHusl, 3TOT IOJIX0]] TPeOyeT aHeCcTe3un
u rocoutamuzaguu. ClefoBaTeNibHO, 3TO CYLICCTBEHHO
BJIMSET Ha KAuecTBO JKU3HM MalueHTOB. Takum o0paszom,
BHUMaHHME HCCIIEAOBATeNeld COCPEIOTOYEHO Ha HOBBIX
HEWHBA3WBHBIX ~METOAAX JAWAarHOCTHKH  SHIOMETPHO3a,

BKJIOYas TpaHcBarnHaiubHOe Y3M, anamm3 OnomapkepoB
KPOBHU M T€HETHYECKOI! ITPpepacioyioKeHHOCTH.

Ha ocHOBaHMM TpHBEAEHHBIX IAaHHBIX OBUI creNaH
BBIBOJL O TOM, 4YTO  HEoOXoaumo  paszpaborarh
MaJIONHBA3UBHbIC, BBICOKOUYBCTBUTEIBbHBIC W HEJOPOTHE
BapHaHThI HCCIEIOBAaHUN, KOTOPBIE MOKHO HCIOJIB30BaTh B
KayeCcTBE HOBBIX JAWarHOCTUUECKHX METO#oB. B maHHOH

pabote OBLIO MIPOBEICHO MEXKIUCIUILTHHAPHOES
WCCIICIOBaHWE - OBUTa HCIOJB30BaHA CIIEKTPOCKOITHS
KOMOHWHAIIMOHHOTO paccesiHus (KP) cBeTa TSt

muddepeHnnanbHOR TUArHOCTHKN TATOJIOTHH SHJIOMETPHSL.
Meton KP-crexTpockonmuu TO3BOJSIET XapaKTepHU30BaTh
OroxMMHuUeCcKHe WU3MEHEHUS, MIPOUCXOSIINE B
AQHATTM3UPYEMBIX OHOXKHUAKOCTSX, YTO JellaeT 3TOT METOJ
Ba)XKHOM OCHOBOM JUTSl IaHHOTO HCclieioBanus. B pabore Obu1
MIPOBE/IEH aHAJIHM3 CHEKTPOB KOMOWHAIIMOHHOTO PACCESIHUS
CBETa  ITEPUTOHEAIPHOM  KHMAKOCTH  TAIMEHTOB  C
9HJIOMETPUO30M M KOHTPOJIbHOW TIpymmbl. beul nposeneH
MHOTOMEpHBIM aHanu3 OOJBIIOT0 MacCHBa CHEKTPAIBHBIX
JITAaHHBIX C MCTIOJIb30BaHUEM METO/Ia MIPOEKIUI Ha JTaTeHTHBIE
CTPYKTYpbI U JucKpuMuHaHTHOTO ananu3a (PLS-DA). PLS-
DA — »53T0 XEeMOMETPHYECKHMH  METOJ,  IIHUPOKO
UCTIONIb3YeMBIH  JJIsI  ONTHMHU3AIUHM  pa3lieNiCHus] MEeXIy
Pa3IMYHBIMU TpymaMu 06pasios [1].

2. MATEPUAJIBI U METO/IbI
Perucrpanuto CIIEKTPAIIbHBIX XapaKTEPUCTUK
aHAJIU3UPYEMBIX o0pasioB IIPOBOJMIN Ha
9KCIIEPUMEHTAIIbHOM CTEHJIE, COCTOSIILIUM u3

cnekrpomerpudeckoir cucrembl (RamanLife RL785, OO0
«®OTOH-BUO», Poccusi) Ha ochoBe II3C-nmerextopa u
orrryeckoro mukpockorra ADF U300 (ADF, Kuraif).
Cnextpsl  Bo30Oyxnamuce B OmmbxHem MWK-nmanasone c
MOMOIIIbIO  JIA3€PHOTO MOAYJIS C ILEHTpPaJbHOM JJIMHOM
BonHbl 785 HM. OObekTHB LMPlan ¢ yBenmmuenuem 50x
MCTIONB30BANICA i1 (DOKYCHPOBKH M3ITydeHHUs Ha o0Opasie u
cOopa paccessHHOTO M3Iy4eHus1. [lnameTp J1a3epHoro IsiTHA B
toxyce coctaBmsm 4 MKM. CHEKTpPBl PErHCTPUPOBATH B
criekTpanbHoM auanazone 380-1800 cm? co crekTpanbHbIM
paspemenneM 6-8 cml. ITlpm perucrpanuu CHEKTPOB
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TUTAaHTCKOTO  KoMOwHanmoHHoro — paccesaus  (IKP)
MOIIIHOCTh JIA3€PHOTO W3JIydeHus cocraBisuia 20 MBT.
Bpemst skcnosunmu coctaBuiio 2 cekyHAbl ¢ 10-kpaTHbIM
ycpenHeHneM. Permcrpamus CHEKTPOB OCYIIECTBISACTCS C
nomomsto nporpammel EnSpectr. Ilpu usmepenusx I'KP-
CIEKTPOB XapaKTepHO CYIIECTBEHHOE W3MECHEHHE
UHTEHCUBHOCTH CIEKTPAJIBHBIX IIOJIOC B 3aBUCUMOCTH OT
TOYKA W3MEPEeHHs, UL CHIDKCHHSA J3Toro 3ddekra
IIPOBOJMIACE HOPMHPOBKAa. B pesynprate craHzapTHOE
OTKJIOHEHHe He TpeBbImano 10% ¢ HCHoNb30BaHIEM OHOTO
cyOcTpara.

B KayecTBe TIOITOKKH TUTS BO30YKICHUS
MOBEPXHOCTHOTO YCHJICHHMS CHUTHaJa KOMOHHAI[MOHHOTO
paccesHHs TIEPUTOHEATBFHOH JKAIKOCTH HCIIOJB30BAJICA
cyOcTpaT Ha OCHOBE BBICYIIEHHOT'O KOJUIOMIHOTO pacTBOpa
HAaHOYACTHI[ cepeOpa, HaHECEHHBII Ha IIOBEPXHOCTh
MPEeIMETHOTO CTeKJIa IUIOMIAJbI0 75 MM X 25, HMOKPBITOTO
aFOMHUHNEBOI (onproit. KoymonmHeiit pacTBOp HAHOYACTHIT
cepeOpa MOJyYanu ITyTeM BOCCTAHOBJICHHS U3 BOJHOTO
pacTBopa HHUTpaTra cepebpa IIMTPaTOM HATpUS TpH
temreparype 95°C B Teuenue 20 wmwuHyT. CHekTp
TIOTJIOMIEHHST TIOTYYEHHOTO KOJUIOWAHOTO PacTBOpa cepedpa
nMeeT MaKCUMyM ToromeHus npu 410 HM ¢ HoTymupuHOR
40 aM. B pesynbraThl BEICHIXaHUS Ha (oibre GOpMHUPYIOTCS
arjoMepaThl CepeOpsHbIX YacTHUIl C KpPHCTaUlaMH HHUTpaTa
HaTpusi o0ObemHOW KoHueHtpaiuu 0,02%. Kpucramisr
HUTpaTa HATpUS 00ecTeYnBaroT BO3HHKHOBCHHE
KaIWUISIPHOTO addekra. ITomy4eHHbII cyOcTpar
MpeICTaBIACT COOOH arjJomMepaThl COHEPUISCKUX YaCTHII
pazmepoM okosio 200 HM.

[Nomy4yeHHBIE CHIEKTpaNbHBIC AaHHBIC, OyIydH MO CBOEH
CyTH  MHOTOMEPHBIMM W  MHOTONapaMeTpUYECKUMH,
aHATN3UPOBAII c HCTIOJIb30BaHIEM MeToaa
JUCKPUMHHAHTHOTO aHaJIM3a IOCPEICTBOM IIPOEKIMU Ha
nmateHTHBIE CTPYKTYpHI (PLS-DA). CyTh MeToma cocrosia B
TOM, YTO AUCKPUMHUHAIIMOHHBIE MTPAaBUIIA AT KJIAcCOB ObLIH
3aJaHbl JIMHEWHBIMH  PETPECCHOHHBIMH  YPAaBHEHISIMU.
Kaxxnomy obpasiy MEPUTOHEATTHHON JKUAKOCTH
COOTBETCTBYET anpuopHasi HHHOpMAIHs O TPUHAIC)KHOCTH
K ompenesneHHO rpymmne. Takum o0pa3oMm, CHEKTpasibHbIC
JTAaHHBIE OBUTH TIPOAHAIN3UPOBAHBI TOCPEICTBOM O0OYUEHHS C
«yuutenem». Bo wu3bexanume mnepeoOydeHus, OICHKa
YCTOHYMBOCTH  METOJa aHaIW3a OKCHECPHUMEHTAJIbHBIX
JAHHBIX W BBIOOP ONTHMAJIBHBIX IapaMeTpoB ObUIH
peam3oBaHBl Ha OCHOBE K-KpaTHOW KpOCC-BallHIAIHN
(k=10). Ha ocCHOBE pETHCTPHPYEMBIX  BOJHOBBIX

XapaKTEePUCTUK WHTEHCUBHOCTH KP-CIIEKTpOB cocCTaBIsIIH
MaTpuly, TJe KakaoMy oOpasily npucBauBand 3Hauenue O
wim 1, B 3aBUCHMOCTM OT TPHHAMICKHOCTH KIAcCy
kouTpos (0) wm sHmomMeTprosy (1).

Jns SERS-ananm3a NepUTOHEANBHOW KHIKOCTH OBLIH
chopMHpOBaHBl  CIEAyIOIMe Tpymnsl:  KOoHTpons (6
obpasrioB), sumometpro3 (19 obpasuos). it Kaxkmoro
oOpasna perucTpupoBajioch 3 CIEKTpa KOMOMHAIIOHHOTO
paccesHUsL.

3. PE3VJIbTATBI

JInist OLICHKM TMOJYYEHHBIX NAHHBIX OBLIO HCIOJIB30BAHO
TPY KOMITOHEHTHI JJIs pa3zielieHus KilaccoB. B pesynbrare ¢
momomnpio Metona PLS-DA, Ttounocts pazmenenms KP-
CIEKTPOB SHIOMETPHO3a W KOHTPOJILHOM Tpynmbl Ui
KaquOpoBowHOro  Habopa  maHHBIX coctaBmwia  97%
(cetmdpuunocts 100%, uyscTBUTENbHOCTE 94%), a s
npoBepoyHoro Habopa maHHBIX - 85% (cmemmpmaHOCTH
86%, uyBcTBHTEIbHOCTH 83%). [locne mocTpoeHusT MOJEH
aHanmu3a maHHeIX PLS-DA Obut mpoBesieH aHann3 BaKHOCTH
MEepEeMEHHBIX, TO €CTh, OBUIO MOKa3aHO - Kakas HMEHHO
CHEKTpalibHash [0Joca HMeeT HauOONbUIMA Bec JUis
pasaeneHusi KiaccoB. Takum o00pazoMm, ObUIM OMpeaeIeHbI
ocuoBHele KP-mmuxu: 635, 721, 1052, 1218, 1372, 1442 u
1573 cMl, KOTOpble OTBETCTBEHHBI 32 BBLICJICHHE TPYIIIIbI
JHIOMETpHO3a. V3BECTHO, YTO B BBLICICHHBIC MOJIOCHI
BHOCSAT BKJAN JEHKOUUTBI u Genku [3], oleHKa KOTOPBIX
MO3BOJSIET CAENATh BBIBOA O HAIUYUHM —XapaKTEPHBIX

W3MEHCHUNM KOMIIOHGHTHOI'O COCTaBa HepI/ITOHeaHLHOﬁ
JKUIAKOCTH IIPHU SHAOMETPHUO3C.
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Development of the structure of a robotic complex
for the rehabilitation of a patient with amputation of
the lower limbs
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Abstract—The object of the study is the motor activity of
patients with various pathologies of the lower extremities in the
process of prosthetics. The subject of the study is the methods
and means of monitoring the motor activity of patients with
amputation of the lower extremities. To solve the tasks set in
the work, a clinical analysis of gait was used in terms of
temporal, spatial, kinematic, dynamic and energy parameters.
The structure of the robotic complex is proposed, which makes
it possible to increase the efficiency of adjusting the parameters
of the prosthesis by organizing biofeedback, taking into
account the individual characteristics of the patient. The use of
the structure of the rehabilitation robotic complex proposed by
the authors will reduce mechanical loads in the process of
finishing operations when creating a lower limb prosthesis. The
location of the mass-dimensional blocks of robotic mechanisms
in a stationary instrument rack ensures the natural gait of the
patient.

Keywords—amputation of human lower limbs, bionic
prosthesis, electrode sensors, electromyographic signal, robotic
mechanism

I. INTRODUCTION

The level of comprehensive rehabilitation and the quality
of life of a patient with lower limb amputations are largely
determined by the quality of prosthetics. An ill-fitting
prosthesis puts you at risk for a number of medical
complications, including further amputation, skin conditions,
and usually excessive pain in both legs. Faced with these
problems, many amputees decide to greatly reduce or even
stop using the prosthesis while remaining essentially
immobile. In turn, a well-chosen prosthesis helps a person
return to a normal life in society: study, work, and even play
sports.

Currently, when assessing clinical indicators, the
organoleptic method of examination is mainly used. The
movement function is not convenient for observation or
research with the help of the senses; specific equipment is
required, the imported versions of which are very expensive.
In addition, this area belongs to high technologies and the
sale of such equipment to Russia is subject to sanctions and
is not available to Russian medicine.

The aim of the study is to develop a rehabilitation
complex that will improve the effectiveness of the
rehabilitation of a patient with amputation of his lower
extremities.
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Il. MATERIALS AND METHODS

Lower limb prosthetics is a system of medical, technical
and organizational measures aimed at restoring lost forms or
functions of an amputated limb. The rehabilitation
effectiveness of lower limb prosthetics depends on the
following factors [1]:

- the level of amputation or congenital pathology of the
limb according to the type of stump;

- size, shape and functional state of the stump;
- reasons for amputation;

- functionality of the prosthesis;

- materials used;

- the quality of the prosthesis;

- the degree of training and development of the prosthesis
by a disabled person;

- general somatic condition of a person;
- preservation of the second limb.

The main goal of prosthetics is to restore the contraction
functions of lost or truncated muscles and kinesthetic
sensations lost as a result of amputation of a part of the limb
and to ensure that walking is as anthropomorphic as possible.

Walking is a type of motor activity that does not require
special training, but is characterized by high loads, as it
requires the muscles and life support systems to transfer
body weight [2]. The entire musculoskeletal system is
involved in the formation of a person's step. During
amputation of a part of the lower limb, the symmetry is
violated, both geometric and static, dynamic [3], and
kinesthetic, and the stronger, the higher the level of
amputation or the more significant violations in the
musculoskeletal and nervous system of the limbs as a result
of the disease.

In the rehabilitation of patients with amputation of the
lower extremities, it is customary to analyze the temporal
characteristics of the step, the angles in the hip, knee, and
ankle joints when walking, and force reactions when
interacting with the supporting surface [4]. In recent years,
due to the advent of bionic prostheses, biopotentials are
recorded at the locations of motor neurons during walking or
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during other motor tests. In order to eliminate the effect of
signal filtering noise, its rms value S is used:

€y

where Ui is the EMG signal amplitude, N is the window size.

I1l. RESULTS

The authors propose a robotic complex for the
rehabilitation of disabled people with lower limb amputation

(Fig. 1).
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Fig. 1. Structural diagram of a robotic complex for the rehabilitation of
disabled people with lower limb amputation

It includes: an instrument rack, a treadmill equipped with
a ramp and railing for patient safety, and a personal
computer. In the process of monitoring the patient's motor
activity using the proposed complex, it is possible to study
the temporal and kinematic parameters of walking, the
dynamic parameters of the force interaction of the lower
extremities with the supporting surface, and to record an
electromyogram.

The block diagram of the complex contains a node for
measuring the angles of rotation of the hip and knee joints,
respectively, of the right and left legs, a node for measuring
the parameters of the EMG signal, a node for measuring the
reaction force, an integrated system for collecting data on the

measured parameters, a drive controller and actuators of the
right and left legs.

Primary measuring transducers (PMT) of angles are
attached with the help of cuffs to the lower extremities of a
person. PMT for measuring the reaction force is made in the
form of strain gauge insoles.

Surface electrodes for EMG recording are attached at the
locations of motor units and fixed in any way possible. In
order to reduce interference, the normalizing amplifiers are
located in close proximity to the PMT and electrodes. The
instrument rack contains power supplies, blocks for
processing signals from sensors and electrodes, as well as a
drive controller. Actuating mechanisms are made in the form
of rigid links attached with the help of cuffs to the lower
limbs of the user.

The system works as follows. The patient is placed on the
treadmill of the robotic complex and sensors, electrodes and
actuators are fixed on it. The operator turns on the treadmill;
the controller of the complex applies force, and the patient
begins to move. PMT measures the articular angles, the
biopotentials of muscle activity are taken from the
electrodes. The EMG signals enter the EMG parameters
measurement unit, where they are amplified and filtered.
Then the filtered signal enters the integrated data acquisition
system for further processing. The integrated data acquisition
system also receives data from units for measuring angles
and reaction forces. The integrated data acquisition system
processes the received signals and sends a signal to the drive
controller that controls the actuators

IV. CONCLUSIONS

The feedback implemented in the robotic complex allows
the control system to carry out rehabilitation more efficiently
by selecting and replacing the appropriate drives to support
the ankle, knee and hip joints of a patient in need of help.
The introduction of the proposed complex into rehabilitation
practice will free amputees from wearing heavy blocks such
as batteries and signal processing units, which will bring
their gait closer to natural.
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CucteMa noaaep>KKu NpUHSATHS BpaueOHBIX
PELICHUM IS TTALIMEHTOB C CUHAPOMOM
XpoHUUYeCKOM auaper. ER monens
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Annomayus—IIpodiaema onpeeJIeHust CHHApPOMa
XpPOHHYeCKOH [auaped sBJIsieTcsl 0CO0GHHO AaKTYyaJbHOH, B
CBSI3M €  OTCYTCTBMEM  OOLUCNPHHSITOI0  AJrOpUTMAa
AuarHocTuku. B crathe paccmaTpuBaeTcsl INepBblii 3Tan
paspadorkn CIIIBP jais mnauMeHTOB € CHHAPOMOM
XpoHHueckoil  auapeu. JlamHas  cucTeMa  IO3BOJIMT
CTPYKTYPHPOBATh Npouece AMATHOCTUKH U MUHUMH3UPOBATH
BJMSIHHE 4eJ0oBeYecKoro ¢Gakropa B NPHHATHM BpadeOHBIX
peleHui.

Knrwoueevie cnoea — Xxponuueckan ouapes, cucmema
nOO00EPIHCKU NPUHAMUA 8PAYEOHBIX peuwleHUll, OUAZHOCMUKA,
MeOuyuHcKue uHpopmayuonHvle cucmemsvl, MoOEIUPOBAHUE
OaHHBIX

[MpakTuKylomeMy  cHeDMANUCTy AN yIy4IICHUS
KayecTBa JUArHOCTHKHM IIPH XPOHHYECKOM Juapee Ipu

HPUHATUH BpaueOHOro peuieHus HEo0XoAuMOo
aHaJIM3MPOBaTh OOJBIIOE KOJIWYECTBO CTATUCTUYECKUX
JIaHHBIX, OTHOCAIIUXCA K CHMIITOMAaTHKE IPOTEKaHUs

3abosieBannii. CUTyalysl OCJIOXKHAETCS TEM, YTO STHOJIOTHS,
MaTOre€He3 U KJIMHUYECKUE NMPOSBICHUS NaHHOTO CHUHIPOMA
pasHooOpa3Hbl. OTCyTCTBHE CTaHAapTa JAWAarHOCTHKH
CHHIPOMA  XPOHHYECKOM Juaped  TPUBOIUT K
OTIpeJieTICHHBIM 3aTpynHeHusM. [losToMy BHenpeHHe B
KIMHUYECKYI0  TIPAaKTUKYy  MH(POPMAIMOHHOW  Cpelsl,
TIO3BOJISTIONIEH CTAaHJAPTU3UPOBATH AJTOPUTM AWArHOCTHKU
CHHIpPOMAa XPOHMYECKOW JMapen, Ha OCHOBE paHee
3a()UKCHUPOBaHHBIX ~ CHMITOMOB, JacT  BO3MOXKHOCTh
Ka4yeCTBEHHO M CBOEBPEMEHHO IPOBOIUTH HEOOXOAMMOE
JIeUeHHe.

OCHOBHOH LIeNbI0 JaHHOW paboTHI ABISETCS pa3paboTka
ER-mMonmemn [1] mma Oynymied cHCTeMBI  TOANEPIKKU
npuHATHS BpaueOHbIx pemmenuil (CIIIIBP).

Ipomecc MIPOEKTUPOBAHUS [2, 3] 000
nH(opmMannoHHOH cucTeMsl [4] Bcerna noapasyMeBaeT dTar
CO3JaHMs Monend JaHHBIX [5], coueratommii B cebe
KOHIICNITyaJIbHBIH YpoBeHb [6], a Takxke maranorndeckuii [6]
n ¢usnueckuid [6] ypoBHM IpeAcTaBiICHHS JAaHHBIX.
[Jaranornyecknii ¥ QuanyecKkuii  ypoBHH -  3TO
HETIOCpeACTBEeHHAas peanu3anus 11 KoHKpeTHeIX CYB]I ¢
yke c(hOopMyITHPOBAHHON CTPYKTYPOH M JIOTHKON XpaHEHUS.
KonuenryanbHblif ypOBeHb — 3TO ONHCAaHUE TMOHITHH
MpeaMeTHOW 00JacTH B TEPMHHAX CYNIHOCTEH, UX
aTpuOyTOB W B3aMMOCBSI3eM MeXay HHMH 0Oe3 yuéra
nH}pacTpyKTypHBIX OcoOeHHocTell. B mman  paboTsl
BXOJHIIO:

1. UsydeHue CTPYKTYpbl W COJAEPXAHHS HCXOJIHBIX,
HaKOIUICHHBIX TPH paboTe ¢ KOHKPETHBIMH IalIeHTaMHU
MIOJTy-CTPYKTYpHPOBAHHBIX JaHHBIX (airel * . xls; * . x1sx).

2. BepaboTka cTpareruy IOCTPOCHHUS acconuanuit
MEXIy  HMEIOUIMMHCA  (QparMeHTaMH  JaHHBIX |
KOHCTPYKIUSAMH B CHCTEME XPaHEHUS.

3. Bsemenue cymHocTeH,
B3aUMOCBSI3ed MEXIy HHMHU,
CCBUIOYHOM IIETIOCTHOCTH.

4. TlpoBeneHue HoOpMmanm3anud u pedakropunra [5,
7].

HcxonHele naHHBIC, HakOIDIEHHBIC 3a mepuox (2020 -

2022 rr.) comepx)at HH(GOPMAIHIO PabOTH C MAIICHTaMH,
CTPaJaONIIMHA CHHAPOMOM XpOHHYEecKol nmapen. Cpemu
MPUCYTCTBYIOIINX HH(MOPMAIIMOHHBIX (PparMeHTOB MOXKHO
BBIJICNIATH CIIEIYIOIIe: o0IHNe JaHHbIC MAINIeHTa, aHAMHE3
JKM3HH, WCTOPHUsI HACTOSIIEro 3a00JieBaHus, IKaJoOBbl,
CHUMIITOMBI, JIMarHo3, JaHHble (U3UKAIBLHOTO OCMOTPA,
JIaHHBIE Ja00paTOPHBIX u MHCTPYMEHTAJIbHBIX
uccieqoBaHui, JedeHue. [loTEeHIMANbHO HMX  MOXKHO
pasaesuTh Ha YeThIpe Kiiacca cymHoctel [6]:

1.  CrepxHeBas CyIIHOCTh — aTOMapHOE, HEICTHNMOe
TIOHSTHE, MIpeCTaBIAIONICe coboit OJTHO3HAYHO
UACHTU(QHUIAPYEMOE COOTBETCTBHE MEXAY (parMeHTOM
MpeaMETHOW o0macTH u Oyaymiell KOHCTPYKIHEH CHCTEMBI
XpaHCHHS.

2.  AccommaTuBHas ~ CyI[HOCTh —  OpPTaHH3YIOMIAs
MOJICP’KKY OTHOIICHHH MHOTHE-KO-MHOTUM MEXIY IBYMS
win Ooliee 3K3EMIUIIpaMHU CYIIHOCTeH W oOnajarorias

aTpuOyTOB,
obecrieueHne

yCTaHOBKa
KOHTPOJIS

aTpubyramu, 00eceynBaAIONIMMH CEMaHTHKY
MPEACTABJICHUA KOHKPETHOI'O TUIIA CBA3U.
3. XapaktepucTuueckas CYIIHOCTb —

MOJJIEP)KUBAIOIIAsl CBSI3b OJMH-KO-MHOTHM HJIM OJAMH-K-
OIHOMY B OOJIBIIMHCTBE CIIly4aeB Uil  YTOYHEHUS
HHPOPMAMU O KAKOW-IHOO YyKe WMEIOMIEHCS IpyToi
CYIIHOCTH.

4. OO6o3Hayaromas CyOIHOCTb — JUIS MPEACTABICHUS
MOBTOPSIOMIMXCSA 3HAYEHWH W KOHTPOJISA OTCYTCTBHUS
M30BITOYHOCTH JAHHBIX B CBA3aHHBIX C HeH uyepe3
OTHOIIGHHS  OAMH-K-OJHOMY  WJHM  OAMH-KO-MHOTHM
CYUIHOCTEH IPYTUX KJIACCOB.

XapakTepucTHKd U 0003HAUEHHS HE JIOJDKHBI SIBISITHCS
MOJTHOCTHIO HE3aBHCHUMBIMH, T.K. MPEIIONaraloT HaIHYHE
JIPYTOH CYITHOCTH, SK3eMIUIIPHI KOTOPOH OyIyT XpaHHUThH
0003HAYCHNS I XapaKTEPH30BATHCS.

Ilpn paboTe C KOHIENTYaJbHOH MOJEIBI0 JIAHHBIX
HE0OX0ANMO yMETh Paclio3HaBaTh OCHOBHBIE aOCTPaKINU U
MEXaHMU3MBI, 00pa3yloIlue CIoBapbh NMPEeAMETHOW obnacth
[8].

B kauecTBe CTEpXHEBBIX CYLIHOCTEH BBEJIEHBI: patient
(oOmme cBemeHuMss O TanMeHTe), history (XpoHoJorus
obpamenuii/mocryrienuii), diagnosis (uHDOpMamms o
TEKyIIeM CTaTyce AWAarHocTukw). Kakmas w3 cymHocTei
MMEEeT CyppOraTHbIi KJIIOY Uil CTPOroW HIACHTH(UKAILMN
9K3EMIUIAPAa U HAOOp JIOMOJHUTEIbHBIX, HOAJEPKUBAIOLIIX
B3aMMOCBs13H, aTpuOyToB (Puc. 1).

BBenéHHble acconmaTHBHBIE CYIIHOCTH:  symptom,
disease, complaint. Kaxmas #3 HUX HOpeACTaBISIET
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aCCOIMAIINIO, TIO3BOJISIONIYIO CIEUUIIIPOBATE ATPUOYTHI

OK3CMILIAPOB CBHSCﬁ, XapaKTCPU3YIOIINX Ka4y€CTBO
otHommenui (Puc. 2).
diagnosis_kind diagnosis
PK | diagnosis_kind id H————o0< PK | diagnosis_id
name FK1| diagnosis_kind_id
code FK2| history_id =aa
parent_id
description
patient
PK | patient_id .
histary
firsi_name . .
PK | history_id =
last_name ] .
FK | patient id
full_name i
parent_id
birthdate
rooicause
gender . .
admission_time
age -
leaving_time
address
Puc. 1. CrepkHeBbIe CYIIHOCTH MOJIENHU JJTAaHHBIX
disease_kind disease
PK | diseass_id tH——o<= PK/FK1 | disease kind id
name o= PKIFK1 | diagnosis_id
icd10 register_time
diagnosis

PK | diagnosis_id
FK1| diagnosis_kind_id

FK2 | history_id

parent_id

description

Puc. 2. TIpumep accounaTUBHON CYIIHOCTH Ul OTHOMIEHHMS MHOTHE-KO-
MHOTHUM CBSI3H «HarH03-3a00JICBaHKE

BBenensl crnepyrone XapakTepPUCTUIECKUE CYIIHOCTH:

anam_vitae (aHamHe3 KHM3HM), anam_morbi (aHamHE3
3abosieBaHus), ii (MHCTPYMEHTAJIbHBIE HCCIICHAOBAHUS),
phys_exam (puzukansHOE oOcnenoBaHue), cbe
(xIMHWYECKWIT aHanM3 KpoBH), bba (OmoxmuMmYecKuid

aHaIM3 KPoBH), coprogram (kKomporpamma), mocd (MapKepsl
LeNMakuy), treatment (Ha3HadeHHoe IedeHue). [lpwm
OpraHu3aly CTPYKTYPBHI MCIOJB30BATUCH B TOM YHCIE H
NPUHLMIBL  HepapXUuecKod MOJCNN JaHHBIX (HAJIHYue
UACHTHHUINPYIONIETO SK3EMIUIIP XapaKTEPUCTUKU KITI0Ya)
JUIi BO3MOYKHOCTH CO3JaHHsl TMOJUYUHEHHBIX DJIEMEHTOB,
CoJIepIKaIlX Kakhe-Iubo NOIoJHUTebHbIe naHHbie (Puc.
3).

Oo6o3Hauaroue CYIIHOCTH: diagnosis_kind,
complaint_kind, symptom_kind, disease_kind. Bce onu
coJiep)kaT JaHHBIE O BUAAX JMarHos3a (MpeaBapUTENbHBIN,
KIMHUYECKMH W T.1.), TPEJONpEAeNEHHOM BHJE Xajioo,
IpeIoNpeIeIEHHON  CUMIITOMAaTuKe MW KiaccudukaTope
3aboseBannii. Jlormka pabotel  Oynymeit  CIIIIBP
NoJipa3yMeBaeT NpeABapUTEIbHOE TOSIBJICHHE TaKoTro poja
nHopManuyu I BO3MOXHOCTH OpraHW3allid CCHUIOK Ha
COOTBETCTBYIOIIME  3allMCH  C  LENbI0  HOAJCPKKU
KOHCUCTEHTHOCTH JIaHHBIX.

anam_vitae

PK | anam_vitae id

FK | patient_id
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birth

breastieeding
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Puc. 3. Ilpumep xapakTepHCTHYECKOW CYIIHOCTH aHAMHE3a IKH3HHU
nanyeHTa

Ha 3aBepmraromeit cramuu Uit WHQOJIOTHYECKOU
Monenu OblIa TIPOBEACHA HOpMANW3alisl W HEOOJIBIINE
pedaKTOpUHTH A YCTpAaHCHHWS aHOMAIUN B CTPYKType H
TepeoTpeieNiecHis] HEKOTOPBIX MOHATHH 3a CYET BBOJA
pacIIUpSIOMKX aTpHOyTOB HIIH TEPEHOCA CYMIECTBYIOIINX
MEXIy CYITHOCTSMHU.

Crnenyromuii 3tan pabor mo cosganuto CIIIIBP mis
YIaydimaeHus KadecTBa JUArHOCTUKHU cuHapoMa
XPOHUYECKON [uaped MpeanojaracT HEMOCPEICTBEHHYIO
peanuzanuo (DDL u DML) ¢ ucnosns3oBaHreM 00bEKTHO-
pensimonHoit CYB/] PostgreSql.

Bynymas wuapOpMarMoHHasi CUCTEMa MO3BOJHUT Ooee

KBAJIUTATUBHO  ONPCACIATh ITHOJOTHIO W  HATOI'CHE3
CUHApOMa XpOHPI‘IeCKOfI Auapeu, 4YTo B ,I[aJ'IBHGﬁLHGM
MNpUBCALCT K CBOCBPEMECHHOMY 9TUOTPOITHOMY u

NaTOreHETUICCKOMY JICHCHHIO, YTO, HECCOMHCHHO, ITO3BOJIHUT
YIy4IIUuTb Ka4€CTBO KU3HU MALlUCHTA.
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Annomayus— B cratbe mpeacraBieH au3aiiH (POTOHHOM
uHTerpaiabHoii cxempl (®UC), npeanarawmuii  BbICOKYIO
cTelneHb HHTErpallid CTPYKTYPHBIX O0J10KOB, He00XOAMMBIX
IJISl  peaiM3allMM  CHCTeMbl ONTHYECKOH  KOrepeHTHOM
Tomorpagpun (OKT) ¢ mnepecrpauBaeMblM HCTOYHHKOM.
TomoJiorust 4yuma BKJIOYAaeT HHTepdepoMeTp, ONTHYECKMId
TpUITEp U HepecTpanBaeMylo pedepeHCHYI0 BeTBb. Mopeab
®UC paspadorana paa naarGopMbl HUTPHJ KPeMHHS,
(GyHKIMOHMpOBaHUE YCTPOICTBA NpeANoJaraercsi B0 BTOPOM
OKHe NPO3PavyHOCTH (LeHTPaJbHAsA JJIMHA BOJHBI 1310 HM).
MopenupoBanue yCTPOiiCTBA NPOU3BEJECHO C UCIOJIb30BAHMEM
nporpammuoro ob6ecrnieuenusi Ansys Lumerical. Pe3yabTaThb
YHUCJIEHHOI0 MOJeJIMPOBAHMS MNOKA3bIBAlOT 3I(PPeKTUBHOCTH
npeanaraemoit ®UC.

Knrouesvie cnosa— onmuueckasn Kozepenmuas
momozpagus, ¢omonnvie unmezpanvuvie cxemwvt, OKT c
nepecmpaugaemvim UCHOYHUKOM, UHMEZPANbHbLIL mMpuzeep

1. BBEJIEHHE
doToHnKa OTKPbIBACT HOBBIC NIEPCICKTUBBI B
MEIULIMHCKO JUArHOCTHKE, B YaCTHOCTH IS
HEUHBA3UBHOM  BM3yalu3alUU CTPYKTYpbl pa3iIM4YHbIX

TkaHel. CymecTBeHHBII mporpecc ObUT JOCTUTHYT B cdepe
ontuueckoil korepeHtHor Tomorpaduu (OKT), kotopas
NpUMEHSIETCST B O(TAIbMOJIOTHH, KapAHOJOTHH M MHOTHX
apyrux obmactsax memunuabl [1]. OmHako kKomMMmepueckue
yerpoiictBa st OKT, mnocTpoeHHble Ha JIUCKPETHBIX
ONTHYECKUX KOMIIOHEHTaX, UMEIOT OoJblMe TabapuThl H
HETIPUMEHUMBI Ut SHJIOCKOMMYECKUX u
WHTPAONEPAIMOHHBIX HCCIEOBAaHUH, YTO OrPaHUYHBAET
MOTEHIMANbHBIE BO3MOXKHOCTH MeToja. Peammsamusa nasxke
YaCTUYHOTO (YHKIIOHAJIA CUCTEMBI HA OCHOBE TEXHOJIOTHH
MHTETpaIbHON (POTOHUKH MO3BOJIMT 3HAYUTEIBHO YBEINIUTh

kutluyarov.rv@ugatu.su

IlonHas uHTErpanyss ONTUYECKOM U ONTOMNIEKTPOHHOM
gacteii OKT Ha omHo#l (oTOHHOW HHTErpampHON cxeme
(OPUC) sBasieTcss  CNOXKHOM — 3a7aveil, NpUBIEKArOICH
BHMMaHHE MHOXecTBa  ucciaemoBareiaeri. Ha  OUC
peaini3oBaHbl TpH OcHOBHBIX Metoga OKT: Bpemennas (time
domain) [2], cmekrtpamsuas (Spectral domain) [3] u ¢
nepecTpanBacMbIM HCTOUHHKOM (Swept-source). TTocienrue
IBa Meroma  OOecHeyMBalOT  HAaWOOJBLIYID  YacTOTY
ckanuposanus (200 xI'm mporuB 400 I'm y BpeMeHHOTro
MeTofa), Oarosapsi OTCyTCTBUIO MEXaHHUECKH N3MEHSAEMON
pedepencroit  BerBu. Ilogxoxm ¢ mepecTpamBaeMbIM
HCTOYHUKOM HauboJiee MpUBJIECKATENCH JUI peai3aliu Ha
®UC, Tak KaKk He TpeOyeT HATHYHSA BHICOKOUYBCTBUTEIHHOM
KaMepbl M BCTPOEGHHOTO CIEKTpoaHaim3aTopa. Taxke,
NpeaIaraeMblii METOJ MEHbBIIE TII0JIBEP)KEH HCKaKEHHIO
n300paXeHUS TIPH ABIKCHUN HCCIIEAYEeMOTo 00BEKTa.

Cpenn Bcex panee mnpexacraBieHHbIx cucteM OKT c
nepectpanBaeMbM uctogyHUKOM (ITM-OKT) Ha ocHoBe OUIC
Oosiplasi 4yacTh HE BBIXOAWT 3a YPOBEHb T'OTOBHOCTH
TEXHOJIOTHH, OONbIIEe YeM KOHIEIIHs, MOJITBEp)KICHHAs B
nabopatopHbix ycnoBusix (TRL 3-4) [4]. Takxke Ha TeKyIuii
MOMEHT,  OOJBIIMHCTBO  WCCJEIOBAaHW  TpeajaraeT
MHTETPAIBHYIO PEAIN3alIo JIMIIb OTACNBHBIX 3JIEMEHTOB,
HampuMep, yrpasiseMoii pedepeHcHoit BeTBH [5].

KiroueBbIM  miarom Iyl peanu3aliM  ITOJHOCTBIO
uaTerpansHoi cuctemsl [IM-OKT, sBngercss BKIIOYEHHE B
toronornto  PUC  momonHMTENBHBIX  (PyHKIHMOHAIBHBIX
KOMIIOHEHTOB CXEMBI, TAKUX KaK ONTHYECKUH TpHUTTep I
3amycka 1ukia uudposoit odpabotku curnana (LLOC) [6], u
nmepectpanBaemMast  pedepeHcHas  BeTBb.  [IpuMeHeHHe
tpurrepa Ha  OUC  mo3BoiMT  M30aBUTBCS  OT
JIOTIOTHUTENBHON MOCTOOPabOTKM CHUrHaja IS KaJHOpOBKH

KOMIIAaKTHOCTh YCTPOWCTBA, YIYUYIIUTh o0y (a3l [7]. Peanmzanmsi HHTErpaibHOM IEepeCcTparBaeMOi
MIPOU3BOJUTEIIBHOCTD U CHU3UTH LIEHY. JUHAM ~ 33J€PKKH  TO3BOJIUT  WM3MEHATh  TIIyOMHY
[lepecrpanBaemsblif| DHUC ) [Maparowmii ceer
HCTOYHHUK 95/5 150/50 ObparHopaccesHHbIH CBET M
. MMI]
CI{EIXPOCHFH".UI [EdnTT! — ¢
l b®/I50/50
AL | Curnan OKT BOJIH50/50 3

Puc. 1. [Ipennaraemas konuenims cucreMbl OKT Ha ocnoBe ®UC: BD/J] — 6anancHslit hotoamon; UML] — nepectpauBaemsiii naTepdepomerp Maxa-
Hennepa; JI3 — ynpasnsemas nmunus 3aaepxku; AL — ananoroo-1dpooii npeodpasosarens; [1K — nepconanbubiii kommbiotep. CHHUM IIBETOM
TIOKa3aHbI YJIEKTPHIECKUE CUTHAIIBL, 3€IEHBIM — onTHYecKHe. JKENTHIM [IBETOM 0TOOPaKEHBI HarPeBaTEIbHBIC 3IEMEHTHI
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CKaHUPOBAHUS TKAHW W PETYJIHPOBaTh PACCTOSIHUE JIO
CKaHHPYEMOTO 0OBEKTA.

2. CXEMA VCTPOMCTBA

Cxema yctpoiictBa mpencrasiena Ha Puc. 1. Ceer ot
Y3KOIIOJIOCHOTO HCTOYHHKA C TIePEeCTPONUKOI JUTMHBI BOJIHEI B
nmuanaszone ot 1260 um no 1360 uM noctynaet B ®UC yepes
TopueBoil BBoA. Jlanmee, CBET JEMUTCS MHOTOMOJIOBBIM
unreppepomerpom (MMI) B cooTHomenun 95/5 mexay
wiedoM OKT u MHTErpaNbHBIM TPHITEPOM, COOTBETCTBEHHO.
Bce MHOroMoj0BBIE HHTEPHEPOMETPHI B CXEME MOTYT OBITh
3aMEHEHBI IIMPOKOTIOJIOCHBIMH HaIpaBJICHHEIMH
OTBETBUTEISIMH, KOTOpBIE TeM HE MEHee Tropas3no Ooiee
YyBCTBHUTENBHBI K OMHOKaM (habpuKanum.

B cBow ouepenp, B muede OKT curnan penutcs B
PaBHBIX TPONOPIUAX MEXIYy PpePEpPeHCHOH BETBBIO M
mwiedoM obpasua. Cset, npomennuii yepes miedo odpasia,
BBIBOJIUTCS Yepe3 TOPIEBON BBOA U MAfaeT HAa MCCIIECTYCMBbIH
oOpaser], @oOJlydaeMoe IIpU 3TOM OOpaTHOpacCesHHOE
u3IydeHue, momamaet obparHo Ha DUC depe3 TopreBoit
BBOJ U HJIET Yepe3 KopoTKoe BepxHee mieuo k MMI. Bropas
MIOJIOBMHA MOIIHOCTH, IIPOXOJIUT Yepe3 peepeHCHYIO BETBb
(ynpaensiemass JMHHSL 3aJepXKKH) M HHTepdepupyer ¢
obpaTHOpaccessHHbIM cBeToM B HmkHem MMI (Puc. 1). B
9T0 ke BpeMs 5% MOIIHOCTH CHTHala IPOXOAAT K
pasbanancupoBaHHOMy wuHTepdepomerpy Maxa-Ilennepa
(UML), xoTopwlii paccuMTaH TakuM 0O0pa3oM, 4TOOBI B
Havyajge [UKIa paboThl MEepecTpanBacMOro HCTOYHHKA
aMIUTUTYZa Ha BBIXOZE Tpurrepa crpemuiack k 0. B ciyuae
npuMmenenuss ALl ¢ UHBEPTUPYIOLIMM BXOJOM HYJIEBOM
curHai Oyner 3amyckath 1ukia L{OC.

JnvHa JTUHUM 3a7epXKKH paccudTaHa TaKuM o0pasoM,
9TOOBl TaK Ha3bIBacMas «TOYKA HYJICBOH 3aJEPXKKI»,
COOTBETCTBYIOIIasl PABHOMY BPEMEHH IPOXOXKJICHUS CBETA B
wrede oOpasna M pedepeHCHOW BETBH, HAXOJWIACh B
HeToCpeACTBeHHOM Omm3ocTH 0T kpas PUC.

3. MOJEIN OTAEJBHBIX DJIEMEHTOB

B muzaitne ®UC conepkaTcst CIEAYIONINE SJIEMEHTHI:
MHOMOJIOBbIE ~ MHTepdepoMeTpsl ¢  Kod(duipeHTamu
nmemenust 50/50 wm 95/5, crmutrep, ympaBiseMas JIHHUAS
3aMepKK M ¢oToauoapl. VIcronHeHHWEe TOCIEAHHUX B
3aBUCHMOCTH OT IIOJyHPOBOJHHUKOBOH IIIaT(QOPMBI MOXKET
OBITh MHTETPAJBHBIM WM JUCKPETHBIM, TAKXKe CYIIECTBYET
BO3MOJKHOCTh THOPU/THOM MHTETpaIH.

Comurrep uw MMI,  coenuneHHbie MeXAy co0oi,
oopazyror UMLI. Ilpu 3TOM pa3HOCTh MIJIMH BOJHOBOJIOB
paccuntaHa TakuM 00pa3oM, YTOOBI OOecreunTh 00JacTh
muctiepcun O6onmee dem 100 M. CoOmromeHwe HTaHHOTO
YCIIOBHS HEOOXOIUMO ISt TOTO, YTOOBI TpUITEp cpadaThIBall
OJIUH pa3 3a NepUO/] NEPECTPONKH JUIMHBI BOJIHBI JIa3epa.

Mogens ®UC pazpabotana anst mwiaTGOpPMbI HUTPHUI
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Puc. 2. CIpyKTypsl  MHOTOMOIOBBIX  HHTEP(HEPOMETPOB  C
ko3 dumentamu nenenus 50/50 (cBepxy) u 95/5 (cHuzy). Bee
pa3Mepbl YKa3aHbl B MKM

o0

1
1

KpemHusi. Bce BonHOBOABI 00manaroT BeicoToM 450 HM H
muprHO 1200 HM s obecriedeHus]  OJTHOMOJOBOTO
pexxuMa paboThl ycTpoicTBa. Pa3mepsl MHOTOMOJIOBBIX
uHTEpPEepOMETPOB OBUIM  pacCYUTaHBl 1O  (OpMyIIaMm,
MPeJCTaBIECHHBIM B paboTax [8,9]. Pazmepsr
HCTIONB30BaHHBIX CTPYKTYP MpeAcTaBIeHB Ha Pric. 2.

4, 3AKJIIOYEHUE

B wurore, Obuta npemnoxxena ®UC s cucrem OKT co
BCTPOCHHBIMH HWHTEP(EPEHIIMOHHON CXEMOH, TPUITEpOM U
nepecTpanBaeMoil pedepeHcHOH BeTBblO. [Ipom3BoacTBO
manHot @UC mpeamomaraeTcss Ha OCHOBE IDIAT(OPMEI
autpug kpemuus (Si3N4), omHako OHa MOXKET OBITh
mpom3BeeHa Ha JFO00H Jpyro MOIyIpPOBOIHHUKOBOM
wiatgopme.

PesynmpTatel MopenupoBaHHMA —IMOKa3ald, 4YTO MpHU
paccTosHuM ckaHupoBaHus 10 5 MM yactora OKT curnana
He mpeBbimaer 17 ITm. [lamHas wacrora HaxomuTcs B
MOoJIOCe TPOIYCKAaHUS OOJIBIIMHCTBA HMHTETPAIBHBIX U
IHUCKPETHBIX  BBICOKOCKOPOCTHBIX  (orommomos  [10].
BpemenHast morpemrHocTs cpabaThIBaHMS —ONTHYECKOTO
TPUITEpAa HE3HAUYNTEIbHA M MOXET OBITh KOMIICHCHPOBaHA
TeMIlepaTypHoii nojcrpoiikoid. Harpes pedepeHcHoi BeTBH

IIO3BOJIACT HU3MCHATH Ty 6I/IHy CKaHUPOBaHUA C
MUHHUMAJIBHBIM IIaroM.
BJIATOJIAPHOCTU

Uccnenosanne BeimmoniHeHo B HUJI  «CencopHele
CHCTEMBI Ha OCHOBE YCTPOWCTB MHTErpajbHOW (DOTOHHKM,
rocynapcTBeHHOe 3amaHne MwuHOOpHaykm Poccum, xop
HayuHo# Tembl #FEUE-2021-0013, cornamenue Ne 075-03-
2021-014
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Annomayus — Bbl10 NpoOBeIeHO IKCIEPHUMEHTAILHOE
usmepenne crnekTpoB KP ko:xu jioaeit oqnoro gororuna ajs
pa3HbIX Jokanusanuii. U3MepeHusi NpoBOAMJIMCE ¢ IOMOIIBIO
30HIHUPYIOLIEro Ja3epHoro usaydyenus oamxnero UK c paunoit
BoJHbl 785 Hm. C momomrs MCR aHanu3a nposeneHo
pa3jioikeHHe  CHEeKTPOB HA  OTHAeJbHbIe  KOMIOHEHTBI.
[poananu3upoBaH BKJIaJA OTAEJbHbIX KOMIIOHEHTOB B
3aBHCUMOCTH OT JIOKaJau3auuu Koxku. CpaBHHMTeJBHbII
AHAJIU3 OTHOCUTEJbHBIX 3HAYCHUN KOHLICHTPALMI OTIeIbHBIX
KOMIIOHEHTOB B CHEKTPax KO KU PAa3HbIX JIOKAJIM3aLMii
MO3BOJIJI OLICHUTh BAPHAIMH XMMHYECKOI0 COCTaBa KOXKH B
3aBHCHMOCTH OT JIOKAJIU3ALNU.

Knrouesvie cnosa — cnekmpockonus KOMOUHAUUOHHOZ0
paccesanusn, Kojca Uen08eKd, JNOKAAUZAUUA, XeMOMEMPUKA,
MCR-ananus

1. BBEJEHHE

Koxka siBisieTcst caMbIM OOJBIIMM OPTraHOM YeJIOBeKa U
cocrasisieT okosio 15% ot oOeit maccsl Tena. [lpu aTom
XHMHYECKHI COCTaB KOXKH MOXKET BapbHPOBATHCS Kak B
3aBUCHMOCTH OT THIA, I[BETAa M JIOKAIW3AlUH, TaK HM3-3a
pasBuTus 3a0oseBaHuid. YTOOBI Jydlle MOHMMATh, KaKHe
HN3MEHCHUS KOXKH CBA3aHbI C pa3JIMYHbBIMU 3a6OHeBaHI/I$IMI/I,
BOXHO OLCHUTh HM3MEHYHBOCTH MOJICKYJSIPHOIO COCTaBa
KOXH B HOPMAJIbBHOM COCTOSTHUH.

JIns HeMHBa3WBHOTO aHajiM3a OMOJOTMYECKUX TKAHEH
YCIICIITHO MIPUMEHSCTCS CHEKTPOCKOITHS
koMmOuHanmonuoro paccesaust (KP) [1], mockomnsky sTOT
METOA UYBCTBUTEICH K CTPYKType H KOH(MOpMAamusMm
6uoxummueckoro crpoenus. Meron cnekrpockonuu KP,
OCHOBaHHBIN Ha U3MEHEHUH JUTHHBI BOJHEI 30HAUPYIOIIETO
W3Iy4YeHUs] TOCNe B3aUMOJEHCTBHS C  MOJEKYJaMH
HCCIIeyeMOT0 00BEKTa, MO3BOJISACT C BHICOKOH TOYHOCTBHIO
OTIpE/ICTISATh HAIWYUE XUMHUYECKUX COCTUHEHMH M UX
W3MEHEHHE  BCIICACTBHE  PA3IMYHBIX  IIPOLECCOB B
uccienyemoit cpene. [lpumenenue cnekrpockonuu KP mis
U3MEPEHUST COCTOSHHS KOXH IIPEJICTAaBISACT 0COO0H
HUHTEpEC n3-3a JOCTYTTHOCTH u MIPOCTOTHI
9KCIIEPUMEHTAIbHBIX U3MEPEHUH.

Ilens maHHOW pabOTHI — TPOBECTH PA3NIOKEHHE HA
KOMIIOHEHThl W aHaiu3 crnekrpoB KP koxu, oneHutsb
BapHaOEIbHOCTh CIEKTPAIBHBIX XapPaKTEPHCTHK KOXKHU
Pa3HBIX JIOKATU3AIHH IPU OANHAKOBOM (DOTOTHIIE.

2. MATEPUAJIbI I METOJIbI

HccnenoBanne KOKH NPOBOJHMIOCH C UCIIOJIb30BAaHUEM
JKCIIEPUMEHTAIBHOTO 000PY/I0BaHHsI, KOTOPOE BKIIFOUAET B
ce0s  TepMOCTaOMIM3UPOBAHHBIA  IIOJIYIIPOBOIHUKOBBIH
nazepHsiit Moaynbs LML-785.0RB-04 (uentpasibHas ajuHa
BosHBI 785+0,1 HM, 150 MBT), nopTaTUBHBIN CIEKTPOMETP
QE6500, Bxmowaromuii Matpuuneii 113C-merexTop ¢
TEPMOAJIEKTPUUECKUM OXJaXKJICHUEM hi (o) -15°C,

10.A. Xpucrodoposa
CamapcKkuii HayuoHAIbLHBIU
UCCne008amenbCKull yHugepcumen uMm.
axaoemuxa C.I1. Koponesa
Camapa, Poccus
khristoforovajulia@gmail.com

N.A. MatBeeBa
CamapcKkuii HayuoHaIbLHbIU
uccne008amenbCKull yHugepcumen uMm.
axademuxa C.I1. Koponesa
Camapa, Poccus
m-irene-a@yandex.ru

onTryeckuii poOHUK inPhotonics. CrieKTpbl KOKH OBLTH
3aperucTpupoBanbl B TeueHne 20 CEeKyH[ C TPEXKPAaTHBIM
HakoruieHneM. JJoopoBosbLiamMu BeICTy M 10 4enoBek co
BTOPBIM (DOTOTHUIIOM, KOTOPBI OBLT OIpEeNieH MO IIKaye
Qurinarpuxa. beun u3mepens! crnektpsl KP koxu y
Kaxgoro BojoHTepa ¢ 10 pasIWYHBIX YYacTKOB Telna.
W3MepeHust pOBOIWINCH B YCIOBUSX C MUHMMAalIbHBIMU
HUCTOYHMKaMH  Oeloro  cBera, 4YTOOBl  yMEHBIINTH
KOJIM4ecTBO Imyma B curHaie. [locme ymanmeHus
HEJIOCTOBEPHO 3apETHCTPHPOBAHHBIX CHUTHAIOB, B 0OIIEi
CJIOKHOCTH [UISl TIOCIIEYIOIETO aHalnu3a HCHONIb30BaINCh
92 cnextpa KP xoxwu, cpemu koTtopeix 10 crekTpoB c
nieku, 10 cmekTpoB co Jjba, 6 cmektpoB ¢ mied, 10
CIIEKTPOB C MOYKH, 9 CIIEKTPOB C JAJOHH, 8 CHEKTPOB
npeamnieyss, 10 criekTpoB co BHYTpeHHEH U 9 CIEKTPOB C
BHEIITHEH CTOPOHBI IIUKOJIOTKH, 10 CIIEKTPOB C JKMBOTA U
10 ciekTpoB CO CIIUHEI.

Ilepen npoBeneHWeM JajbHEHINEro aHanU3a U3
CIIEKTPOB YJAJIAICS YPOBEHb (DIFOOPECLICHIUH TTIOIMHOMOM
6 cTeneHy, a TaKkXkKe MPOBOJMIACE 00pAOOTKa ¢ IOMOLIBIO
criaxuBaroniero ¢punprpa Capunkoro-I'omes.

Hdis anamu3a crnektpoB KP Obul mpuMeHEH MeTox

ACHMMETPHYHBIX HAUMEHBIITNX KBAJIPaToB c
MHOTOMEpHBIM paspemienueMm kpuBoii (MCR-ALS) [2].
MCR-ALS Meron mo3BOJISIET  Pa3lIOKHUTh  KaXKJIbIA

3apETUCTPUPOBAHHBIN CIIEKTp KOxu d B BHIC JIMHEWHOU
KOMOWHAIINK OTJENBHBIX KOMITIOHEHTOB, BXOIAIIHX B
COCTaB KOXKH:

d = C18T1+Co8To++++CaST A,

rae ci1, C2, ..., CA — 3TO KOHIICHTPAIUH OTIEIBHBIX
KOMIIOHEHTOB, S1, S2, ..., SA — 3TO CHEKTPHI OTAEIHHBIX
KOMIIOHEHTOB.

Takoil BuA aHanu3a MO3BOJSIET MOJIYYUThb CIIEKTPHI
BEIIIECTB, COCTABIISIONIINX HCCIEAyeMbIil 00paser] KoXHu U
OLICHUTh UX OTHOCHUTEJbHBIA BKJIAaJ B HUCXOAHBIN CIEKTD.
IIpumenenne MCR-aHanmm3a [UIsl pas3iioKeHUs CIEKTPOB
KOXKHM Pa3HbIX JIOKaJIU3aLHUi MO3BOJIUT NPOAHATIU3UPOBATH
OTHOCUTEJBHBIE Pa3INYUs XUMHUECKOTO COCTaBa KOXKH.

3. PE3VYJBTATHI

MCR anamu3 ObUT NMPUMEHEH K MATPHUIC HCXOJHBIX
JaHHBIX, cocTosimied M3 92 CHeKTPOB KOXH Pa3HBIX
JOKaJdM3alui  OZHOTO  (OTOTHMA. bBBUIO  MpoBemeHO
pa3joXeHHe WCXOJHBIX CIIEKTPOB HAa 5 OTAEITBHBIX
KOMITOHEHTOB, TPEACTaBICHHbIX Ha pucyHke 1. JlanHOE
KOJIMYECTBO OBUIO BBIOPAHO, MCXOIS W3 COMOCTABIICHHUS
CIIEKTPOB BBICTICHHBIX OTAEIBHBIX KOMIIOHEHTOB CO
CIEKTpaMH YHUCTBIX BEIICCTB BXOMSAIIMX B COCTaB KOXHU
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Cexnust 6. MaOpMaIIHOHHBIC TEXHOIOTUH B OHOMEUIINHE
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Puc. 1. CiekTpbl KOMIIOHEHTOB, M0Jy4eHHbIe B pe3yibrare MCR-paznoxenus KP criekrpos koxu

YeNoBeKa, MPEACTaBICHHBIX B pabore DeHr W COaBTOPOB
[3]. Takxe ObLT OlEHEHA CTATUCTHUYECKAas 3HAYUMOCTb
BEIZIENICHHBIX ¢ Tomomipio Merona MCR TsITH KOMIIOHEHT,
KOTOpasi IO3BOJIIET HCIIOJIB30BaTh KOMIIOHEHTHI, BKJIaJ
KOTOPBIX YIOBJIECTBOPSET CICAYIOIEMY YCIOBHIO:

(Xn - Xn+1) / Xn > 5%,

roe Xn M Xn+1 — OTHOCHTETBHBIC 3HAYCHMS BKIAaa IUIs
kaxjoro (n+l) xkommoHeHTa. BwigeneHHble 5 KOMIOHEHT
OKa3aJIUCh CTATUCTHICCKH 3HAYNMBIMH.

HyXHO  y4WTBHIBaTH, YTO TMOJYYCHHBIC CIICKTPHI
pPACCUNTAHHBIX OTHETBHBIX KOMIIOHCHTOB HE SBILIOTCS
CIICKTpaMH YHCTBIX BEUICCTB. I[loJlydeHHBIC pPE3yJIbTaThl
MO3BOJSIIOT ~ MPEATONIONKUT, YTO |  KOMIOHEHT C
xXapakTepHbIMU TosocamMu 1445, 1665 cM™ COOTBETCTBYET
OCHOBHOMY BKJIaJy KepaTHHA; 2 KOMIIOHEHT C NMUKaMH Ha
1378 u 1573 cM ! 6aU3KO ONKCHIBAET CHEKTP MEIaHUHA, 3
KOMIIOHEHT C XapakTepHbIMU mojiocaMu Ha 1440 wu
1656 cM ! cXOkK CO CIEKTpaMU JMIHUAOB, 4 KOMIOHEHT
MOXXHO COIIOCTaBUTh C KOJUIAr€HOM M0 NukaMm Ha 1454 u
1650 cm%; 5 KOMIOHEHT ¢ XapaKkTepHOH monocoi Ha 1645
cM ! I0Ka3pIBAET OCHOBHOM BKJIaJl BOJILL.

1

500

400

KOHUBHTPELWS, OTH e

nosannausn

Puc. 2. J[lmarpamMmbl pa30bpoca OTHOCHTENBHOW KOHIEHTpamuu 3
KOMIIOHEHTa I Pa3IUYHBIX JIOKATM3aHi KOXH denoBeka: 1 —

JIaJI0Hb, 2 — Npe/Iiedbe, 3 — )UBOT, 4 — IIeKa

B pesynbrare
OTZEIBHOIO

MCR pa3znmokeHust i KaKI0Tro
KOMIIOHGHTa TakXke OBUI0O  PacCYUTAHO

3HAa4e€HWE €ro OTHOCHTEIBbHON KOHICHTpalMd BO BCEX
crekTpax Koku. Ha OCHOBaHUM MOJNyYeHHBIX 3HA4YEHHUH
KOHLICHTpalMii OBUTM ITIOCTPOEHBI JHarpamMbl paszdpoca,
KOTOpBIE MO3BOJIIIN IPOAHAIN3UPOBATh, MO BKJIAAY KaKHX
XMUMHYECKHX KOMIIOHEHT MOTYT Pa3iIHYaThCs CIIEKTPBI KOXKH
pasHbIX Jokanu3zauuid. IIpumep Takol — Juarpammsl,
MIOCTPOCHHOH JUIsl 3 KOMIIOHEHTa, TIPUBE/ICH Ha PUCYHKE 2.
Ha Heit o ropusoHTansHoit ocu obo3HavaroTes nudpamu 1
— JaJl0Hb, 2 — NpeaIUIeube, 3 — )KUBOT, 4 — meka. Pasmeps! u
PacIoNIOKEHNE «AIIMKOBY» HAIHO IIOKa3bIBaeT, Kak
MEHSIETCS] OTHOCUTEJIbHASI KOHIIEHTPALHS JINITAAOB B PAa3HBIX
JOKIM3aIUAX KOXKH M KakoB pa30dpoc MOJNyYEHHBIX
JTAHHBIX.

4, BBIBOJbBI

[lo mnpuBeneHHBRIM pe3ylbTaTaM MOXHO CIeNaTh
BBIBOJI, YTO MPHU PA3JI0KECHUH HA XUMUICCKAC KOMITOHCHTHI
CHEKTPHl KOMOWHAIIMOHHOTO pacCesHUS KOXH pPa3HBIX
JIOKAIM3AIMKA pa3uursl HaOMIONAI0TC B OTHOCHTEIHLHOU
KOHIIHTpar 3 U 4 KOMIIOHEHTa. YpoBeHb 1, 2 u 5
KOMIIOHEHTOB ISl Pa3HBIX JIOKAJIHM3AIUN H3MEHIETCS
He3HAUNTeIbHO. Takuwe pe3yiapTaThl MOXXKHO OOBSCHHUTH
(U3HOIOTHYECKUMU ¥ OHOXUMHUYECKUMH OCOOCHHOCTSIMU
KOXH Ha Pa3TNYHBIX aHATOMUYECKUX yYJacTKaX Tela.

ITonydeHHBIE pe3yabTaThl MOTYT MCIOJIB30BAaThCS UL
ananmm3a KP criekTpaibHBIX 0COOCHHOCTEH KOXKHM YenoBeKa
IpU Pa3sBUTHH PA3TUUHBIX 3a0oneBaHuil. Takke HaHHBIE
BBIUUCIICHHS] MOTYT IIOMOYb B JallbHEHIIEM OINpeeICHUN
TPAaHULl HOPMBI CHEKTPAJIbHBIX XapaKTEPUCTUK KOXKH UL
JalbHEUIIEro IPUMEHEHHS B TUATHOCTHUKE.
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Cexkuys 6. THGOpMaLMOHHBIC TEXHOJIOTHH B OMOMEAUIIMHE

BnusHue okcuaa HMHKA Ha (PU3UKO-XUMUYSCKUE U
OaKTEPHULIMIHBIC CBOMCTBA KaJbIUH-(POCHATHBIX
MOKPBITUI Ha TUTAHOBBIX UMILIAHTaTax

K.H. Bep3ynosa

Tomcknit 'ocynapcTBeHHBIH A.ILTpszHoB I'.B.MortoBa
Yuusepcnrer Tomckuii I'ocynapcTBeHHBIH Tomckuii 'ocynapcTBeHHBII
Tomck, Pocenst VHHUBEpCHTET VHuBepcuTeT

shumskaya_k@mail.ru

B Ooannoi pabome uccneoyromesa noKpvuimus,
chopmuposantvie memodom MUKpooy206020 OKCUOUPOSAHUA C
anmuéaxkmepuanvuvimu  ceoticmeamu.  Ilokazano,  umo
000agnenue YUHKA 6 INEeKMPOIUMbL NPUBOOUN K YEeTUUEHUID
aHmMuGaKmepuanbHuIX ceoiicme nokpuimui. O0naKo, Hecmomps
Ha 000agieHue CONOCMAGUMOZ0 KOUYECHMEA OKCUOA WUHKA 6
pacmeopvl  INEKMPONUMOS,  KOHUEHMPAuus  WYUHKA 6
RONYYeHHBIX ROKPOIMUAX CUNbHO paznudaemca. B pabome ovinu
usyuenvl  UIUKO-XuMuyeckue  CONUCMEA  NOKpvIMuUil U
OakmepuyuoHoe Oeiicimeue npomus mpex NPOMeCMUpPOSaAHHbIX
munoe 6axmepuii - Staphylococcus aureus, P. Aeruginosa u
MRSA.

Knioueevie cnosa— 6uoakmugnoe noKpslmiue; NOKpslmue u3
docpama kanvyun; muxpooyzoeoe oxucnenue; OKCUO UUHKA;
buocoemecmumocms; aHMUOAKMEPUATILHbBLE CEOIICMEA.

Bseoenue. CoBpeMeHHAsi BOCCTAHOBUTEIbHAS MEIUIIUHA
CKOHLIEHTPUPOBAaHA HA  pEreHepanuyd  NaTOJIOTHYECKH
W3MEHEHHBIX TKaHeW. DTO JIOCTHraeTcs 3aMelleHHEeM
KOCTHOTO Je(eKTa HMMIUIAHTATOM, ITOMEUICHHBIM B 30HY

noBpexxaeHus. g yaydIieHHs  OCTEOMHTEIrPaliu
UMIUIQHTATOB HA MX IOBEPXHOCTh OOBIYHO HAHOCST
Kanpiuii-pocdarupie  mokpeitus  [1].  TlepcriekTuBHBIM

METOJIOM YJIy4IIeHHus (QYHKIIMOHAIHHBIX CBOMCTB KaJbIIHI-
(dochaTHBIX MOKPHITUH SIBJISIETCS BKJIFOUCHHE B MX COCTaB
pa3TUYHBIX aHTHOAKTepUaIbHBIX J100aBOK [2]. B ormuuwne
OT OPraHUYCCKUX AHTHOMOTHKOB HHKOPIOPHPOBAHHBIC
MeTaIbl  oOnajmatoT  Oonee  JJIMTENBHBIM — CPOKOM
COXpaHEHMUs, MEHBIIICH TOKCUYHOCTBIO, JTydien
CEeNeKTHBHOCTRIO M TepMOCTOWKOCThIO [3]. Omuum  u3
MEPCICKTUBHBIX ~ METaJUIOB  SBISCTCS  ITHHK: 9TO
OMOJIOTHYECKH 0e301aCHbIH, OMOCOBMECTHMBIH,
HETOKCHYHBIA MeTall, 00Iaaroluii aHTHOAKTePHATbHBIMU
U IPOTUBOBOCTIANIUTEIbHBIMU CBOMCTBaMU [4].

Ienvro nanuoO# pabOTHI ABJISATIACH pa3pabOTKa IUHK
coziepKaLUX KaJbpIui-hochaTHBIX TIOKPBITHH,
obnmamamux OaKTEPUIMIHBIMA CBOWCTBAMH, H3YUYCHHE
BiaussHUA ZnO Ha (U3MKO-XMMHUYECKHE W OaKTEpUIMIIHBIC
CBOICTBA.

Mamepuanovt u memoowvt. B kadecTBe MOIIOKEK
JUTA HAaHECEHHS NOKPBITHI OBUIH HCIIONB30BAHbI THUTAHOBBIE
mucku mapku BT6 (Ti6Al4V) mmamerpom 10 MM wu
tommuuod 1  wmm. Ilepex HaHeceHMEM  IOKPBITHHA
MTOBEPXHOCTh  OOpPAa3lOB  IOABEPTaNach XHMHYECKOMY
TPaBICHUIO. ®dopmupoBaHHEe KaJbLUi-(ochaTHbIX
MOKPBITUH  METOAOM  MHKpPOJIYTrOBOIO  OKCHIMPOBAHUS
(MAO) mpoBogmnocs Ha  ycraHoBke  «Komrmiekce
MUKpoyrooro okcunuposanus» (KM/10), paspaborannoit
B JlabopaTopuu mia3MeHHbIX rHOpuaHbIX cuctem HOLL

Tomck, Poccust
apgl0@tpu.ru

Tomck, Poccust
gal.motova@gmail.com

B.I1. Bettn6epra UATLI TITY. J{ns uccnenoBanus Gpu3uKo-
XMMHYECKUX CBOMCTB OBUIM IOATOTOBJICHBI 6 rpymm
oOpasioB mo 3 obpasia B rpymme, Ui HCCICIOBaHUSL
0aKkTepULIUAHBIX CBOMCTB 6 rpymn oOpasnoB mo 16
o0pasioB B rpymme. OOpa3ipl rpymnbl 1 ObUTH MOJYYCHBI B
JJIGKTPOJINTE HAa OCHOBE OKcuaa Kambiuss 27 1/,
rugpokcuamatuta 10 r/m, 70 w/n  oprodochopHoi
KHACJIOTHL. ['pynmel 2 BO BTOPOM OBIJICKTPONUTE, AT €To0
MIPUTOTOBJICHNS HCIONb30Bany  runpokcuanartutr (IAID),
mpousBonctBa OO0 «BUTEKA», 40 r/m u 70 m/n
oprodocdopHOii  KuCIOTB. B KkauecTBe  TpeThETro
JJIEKTPOJIINTA, B KOTOPOM OBUIM TIOJNyYEHBI TTOKPBITHS
00pa3oB Tpymmnbl 3, WCIOIB30BAIM PACTBOp aleraTa
KanbLus OJITHOBOJHOTO u ¢docdara HaTpUs
OJIHO3aMEIIIEHHOTO OJHOBOJHOTO B KOJHMYECTBE 36,8 T/1 M
15,6 t/n, coorBercTBeHHO. [TokpeiTHA 4-6 Tpynn 00pa3uoB
Obut  chOPMHPOBAHBI B TEX JKE€ DJEKTPOJIUTAX, HO C
nobaBieHHEM K KaXIOMy 5 I/1 okcuzaa mMHKa. [lapamerpsl
(dbopMupoBaHUs TOPHCTHIX  Kanbhui-pocdarueix MJO
MTOKPHITUH TPy 00pa3moB 1, 2, 4 u 5 ObUTH CIICAYIOMIAMU:
Hanpspkerrne — 300 B, ckopocTs mogbpeMa HampsoKeHHS — 3
B/cek, uactota crmenoBanus wummnyibcoB — 200 I,
JUIITENEHOCTh uMIynbca 100 Mkc, Bpemst (OpPMUPOBAHUS
mokpeiTuit  —15  wmumyT. [lapamerper  dopMupoBaHms
HNOKPBITUI Tpynn o0pa3uoB 3 U 6 ObUIM CIEIYIOMINMHU:
Harpspkenue — 500 B, ckopocTh mogbemMa HampspkeHus: — 3
B/cek, uactota crnemoBanus umnyibcoB — 500 I,
JUINTeN HOCTh uMIyibca 400 Mkc, Bpems (HOpMHpOBaHUSA
HOKPBITUI — 3 MUHYTBI.

ChopMupoBaHHbIE  HTOKPBITHS
TIOMOIBIO BHUXPETOKOBOTO MeTo/a,
IpoQHUIOMETPHUH, CKaHMpYOLeH JJIEKTPOHHOM
MHKPOCKOIIMM € JHEPrOJUCIEPCHOHHBIM  aHAJM30M,
peHTreHoAN(PaKIMOHHOrO aHau3a. Pa3dpoc naHHBIX OBLI
paccunTaH Kak CpeJHee IUIIOC/MHHYC  CTaHIapTHOE
oTKJIOHeHHe — M =+ &, 3HaueHus: paccuuteiBainu B Excel n
CTaTHCTHYECKUMH METOJIAMU HE CPaBHUBAJICSL.

Pe3ynomameul.

[TpoBeNeHHBIMH  MCCIICAOBAHUSMH  YCTAHOBJICHO,
YTO TOJIIHMHA KaJIBIUA-(GOCHATHBIX MOKPHITUH TPy
obpasioB NeNe 1, 2, 4 u 5 Bapeupyercs ot 10 g0 43 Mxm.
Mop@domorus MOBEPXHOCTH TMPEACTaBISET COOOW TOJIbIE
ceponuTl, pa3Mep KOTOpPHIX Bapeupyercs oT 19 no 24
MKM, pPaBHOMEpPHO paclpeAeieHHbIe II0 IOBEPXHOCTH
oOpasuoB (puc. la, 0, T, x). B To Bpems kak mopdosorus
MIOKPBITHH, CHOPMHUPOBAHHBIX B IJIEKTPOJIUTE Ha OCHOBE
alerara Kajnblusi Kak Oe3, Tak M c noOaeneHumem ZnO
CYIIIECTBEHHO OTJIWYAETCS OT Ipymnmn Ha ocHoBe 1,4 m 2,5, u
MIPEACTAaBICHA CTPYKTYPHBIMHU 3JIEMEHTAMH B BHIE

HCCIIEeNOBAId C
KOHTaKTHOMH
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Cexkuys 6. THGOpMaLMOHHBIC TEXHOJIOTHH B OMOMEAUIIMHE

KpatepoB. Pa3smep mop cocraBisier oT 3 10 5 MkM. [lopst
pacIojoXeHbl PaBHOMEPHO IO BCEH  MOBEPXHOCTH
obpasioB. Jlo6asienue ZnO NpUBOIUT K YBEIUYCHHIO
kommuectBa mop (puc. le). TommuHa Kambiuii-pochaTHRIX
i 06pasio NeNe 3 1 6 0k0JI0 5 MKM.
: ; e s

Pucynox 1.

COM-1300pakeHnsl  MIOBEPXHOCTH — 00pa3loB
THTaHOBBIX  MHOJUIOKEK €  KaIbLHUA-(OCHATHBIMH  IOKPBITUSIMH,
chopmupoBarubiME MeToioM MJIO B anektponute 1 Ha ocHoBe CaO (a), B
anextpoiute 2 ¢ godasneruem I'AIl OO0 «BUTEKA» (6), B anekrposure
3 Ha ocHOBe amerara Kaublus (B), B anekrpoiute 1 ¢ 5 r/n ZnO (1), B
anextpoiute 2 ¢ nobasiaerneM I'AIT OOO «BUTEKA» u 5 r/n ZnO (), B
3 snektponute ¢ 5 /1 ZnO (e).

AHanu3 1IepoXOBATOCTH TMOKPHITHH BBISIBHI 3HAYUTEILHOE
YBEJIMYCHUE ILIEPOXOBATOCTH O00pa3loOB C IMOKPBITHIMHU
Ipymmbl 4 MO0 CPaBHEHHUIO C IIEPOXOBATOCTHIO 00pa3loB ¢
MOKpHITUSAMH  Tpymmel 1,  chopmmpoBaHHBIMH — 0e3
nmobasienus ZnO. B ocTaipHBIX HCCIEAyeMBIX TpyIIax
00pa3noB nobasieHne ZNO B AIEKTPONUT HE TPUBOIIIIO K
CYIIECTBEHHOMY  HM3MEHEHHWI0  JaHHOro  mapamelpds]
DJeMEeHTHBII aHann3 00pa3loB MoKa3all, 4To Jo0aBliCHHE B
5eKTpouThl ZNO NpHBOIUT K (YOPMHUPOBAHHUIO ITOKPHITHH
¢ Oomee Hu3kUM cooTHowenueM Ca/P ¢ ucXoxHB[FU
coctaBamu. Ilpum 3TOM CTOMT OTMETHTH, YTO HAMOOIBLICH
BenuunHON cootHoureHuss Ca/P  06mamaroT  MOKPHITHS
rpymmbsl 3. Ilo pesynbratam peHTTeHO(A30BOrO aHaIM3a
YCTAQHOBJICHO, YTO NOKpPHITUS rpymn 4 u 5 sBiAOTCS
MOJIHOCTBIO peHTreHoaMop(dHbIMU. W HanpOTUB, MOKPBITHS
rpymnmbl 6 XapakTepu3yroTcsi aMop(HO-KpUCTAIIIMYECKOH
CTPYKTYPOH C HaJIMYMEM TaKMX KPUCTAIUIMYECKUX (a3 Kak
TiO2 (Pytwmn), TiO, (Aunaras) u Zn0O. [o]
B Ttabmmme 1 yka3aH NPOLEHT CHIDKEHUS MHMKPOOHOM
00CEeMEHEHHOCTH OIBITHOTO 00pa3lia I0 CPaBHEHHIO C
KOHTpOJbHBIM. JloOaBieHne B 3nekTponutsl ZnO

CYIIECTBEHHO YBEIMYMBaeT OaKTepULMIHBIE CBOWCTBA
TIOKPBITHH, MaKCHMaJIbHBIMH OaKTepHIUIHBIMH
CBOWCTBaMH 007amaroT MOKpHITHA Tpymmsl 6. 1o mporenty
CHIDKCHHS  MHKPOOHOH  OOCEMEHEHHOCTH  MOKPBITHS
pacHoJIOKWINCE B TOpAAKe yOBIBaHHS — CIEAYIOIIUM
obpazoM: Tpynmna 6> rpynmna 4> rpymnmna 5.

Tabmuua 1. IIponent CHIDKEHUS MHUKpPOOHOI

00CEMEHEHHOCTH OIBITHOT'O 06pa3ua o CpaBHCHHIO B
KOHTPOJIbHBIM.

I'pynna Bupj 6akrepun
o0pasmoB | Staphylococcus | P.aeruginosa | MRSA
aureus
Turan 0 0 0
I'pynma 1 4,28% 0,15% 2,95%
I'pynma 2 1,42% 0 0,53%
I'pynma 3 24.2% 10,41 10,41%
I'pynmna 4 97,76% 96,14% 85,6%
I'pynma 5 70,93% 96,95% 90,8%
I'pynma 6 99,99% 99,98% 84,98%

Ilpoexm: Hay4dHblE HCCIENOBaHMS BBIIOJHEHBI 32
cuet ¢enepanbHOro 6romkeTa, mpoekt FSWW-2023-0007.
bnazodapnocmu:  aBToppl  BhIpaKaloT  OiarosapHoOCTh
re"epansHOMy nupexTopy OOO «BUTOKA» C.E. Kpeuiory
3a  MpelOCTaBJICHHbIE IPOU3BOJMMBIC  MPEANPHUATHEM
matepuansl, O.B. bakunoit (MPIIM CO PAH) 3a
MIPOBEJCHUE aHTHOAKTEPHAIbHBIX NCCIICIOBAHHH.

Jlumepamypa.

[1] R. Jimbo et al., “Histological and three-dimensional evaluation of
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Acta Biomater, vol. 7, no. 12, pp. 4229-4234, Dec. 2011, doi:
10.1016/j.actbio.2011.07.017.

[2] M. Roknian, A. Fattah-alhosseini, S. O. Gashti, and M. K. Keshavarz,
“Study of the effect of ZnO nanoparticles addition to PEO coatings on pure
titanium substrate: Microstructural analysis, antibacterial effect and
corrosion behavior of coatings in Ringer’s physiological solution,” J Alloys
Compd, vol. 740, pp. 330-345, Apr. 2018, doi:
10.1016/j.jallcom.2017.12.366.

[3] K. Lesniak-Zidtkowska et al., “Electrochemical modification of the Ti-
15Mo alloy surface in solutions containing ZnO and Zn3(PO4)2 particles,”
Materials Science and Engineering: C, vol. 115, p. 111098, Oct. 2020, doi:
10.1016/j.msec.2020.111098.

[4 J. A. Sowjanya et al., “Biocomposite scaffolds containing
chitosan/alginate/nano-silica for bone tissue engineering,” Colloids Surf B
Biointerfaces, vol. 109, pp. 294-300, Sep. 2013, doi:
10.1016/j.colsurfb.2013.04.006.
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Cexkuust 6. THGOpMaMOHHBIC TEXHOJIOTHH B OHOMEIUIIHE

MCR-aHanu3 paMaHOBCKHX CIIEKTPOB KOXKH
MAIIMEHTOB C XPOHUYECKOU CEPACUHOU
HEJIOCTATOYHOCTHIO

K.E. TomH1KOBa
Camapckuii HayUOHANbHYIN
uccne008amenbCKuil yHugepcumen um.
axademuxa C.I1. Koponesa
Camapa, Poccus
ksetomnikova@yandex.ru

Annomayus—B nocaeaHHe TOAbI BCE 4Yallle CTAJH
NPUMEHATH  ONTHYeCKHe  MeTOAbl  JAJdf  JAMArHOCTHKH
pa3anuHbIX 3a0osaeBanmii. Leaslo nanHoii padorTsl siBJsieTCS

H3y4YeHHE CHIHAJa PaMaHOBCKOIO paccessHusi OT KOXKH
NALMEHTOB € CepAeYHOll HelrocTaTouHOCThI0. IIpoBeneH
aHAJN3 PAMAHOBCKHX CIHEKTPOB METOJOM pa3pelieHust

MHOI'OMEpPHBIX KPUBBIX C HCIIOJIb30BAHUEM METOAAa YACTUYHBIX
HaMMEHBIIMUX KBAaJAPaToB, BbIACJIE€HbI OCHOBHbIC KOMIIOHEHTbI
KOYKHA U IOJI0ChI PAMAHOBCKOI'0 pacCessHUsA.

Kniouesvie cosea— cept)etma}l Het)ocmamolmocmb,
PAMAHOBCKaaA CREKMpPOCKonusa, paspeuienue MHO20MEPHbLX
Kpueéslx, HacmuiuHsle HauMenbsuiue Keadpambt.

1. BBEJIEHUE

Cepneunas HegoctatouHocTh (CH) — 3T0 KmHMYecKuit
CHUHAPOM, XapakTepU3YyIOIIMWCA HAJIMYMEM TUIUYHBIX
CUMNTOMOB  (OJBIIIKA, TOBBINICHHAS  YTOMIIIEMOCTH,
OTEYHOCTh) W TIPU3HAKOB (IIOBBINICHHE JaBJICHUS B
SIPEMHBIX BEHAX, XPHITHI B JITKUX, TepU()EPHICCKIE OTCKH),
BBI3BAHHBIX HAPYIICHHEM CTPYKTYpbl W/Win (QyHKIHH
cepala, MPUBOMAAIIMM K CHUXEHHIO CEpIEeYHOro BhIOpoca
U/WIM TIOBBIIICHUIO JaBJICHUS HAMOJIHCHHS Ceplla B MOKOE
WK TipH Harpy3ke [1].

B Hactosimee Bpemsi CH IUarHOCTHPYIOT C MOMOIIBIO
Heckosbkux MetoioB: OKI', pentrenorpadus rpyaHoOU
KIIETKH, SXO0KaproTrpadus u JTabopaTOpHBIC H HATPY30YHBIC
TecThl [2]. OTW MeTonbl HMMEIT psJ HEIOCTATKOB!
JUTUTEIIBHOE BpeMs HCCIICIOBAHHUS, o0ydeHme
PEHTTCHOBCKUMH JIy9aM{, HHBAa3HBHOCTH. Bc€ OombIryro
MOMYJISIPHOCTh HaOWparT ONTHYCCKHE METOJIBI
nvarHocTukud. OOHUM HM3 TaKUX METOHOB  SIBJISETCS
CIIEKTPOCKOIIMSI ~ PaMaHOBCKOTO  pacCesHusl,  KOTOpas
Osaromapst OBICTPOTE MCCIICAOBAHMS U HCHHBA3UBHOCTH BCE
yamie NPUMEHSIETCS Uil KCCIEeNOBaHUS OHOJOTHYECKUX
TKaHEH, B TOM YHCJIC KOXHU.

Lemnsto  maHHON ~ paboTBI  sBISETCA ~ HM3YUYCHHE
PaMaHOBCKMX CHEKTPOB KOXXH TIAIIMCHTOB, OOJBHBIX
CepIeYHOW HEJOCTaTOYHOCTbIO, M BBIJEICHUE OCHOBHBIX
KOMITOHEHTOB U MOJIOC PAMaHOBCKOI'O PacCEsHUSI.

2. MATEPHAJIBI 1 METO/IbI

PamaHOBCKHE CHEKTpPBI PErMCTPUPOBATNCH C MOMOIIBIO
MOPTATUBHOW CHEKTPOCKOMMYECKOW YCTaHOBKH, KOTOpast
BKIIFOYaeT B ce0s TepMOCTaOWMIM3MPOBAHHBIN JIa3ePHBIN
nuoaHbIi Moy LML-785.0RB-04 B kauecTBe HCTOYHHUKA
BO30YyXJeHUs (IeHTpadbHas AjrHA BOJHBI 785+0,1 HM) 1
cnexktpomerp QE 65 Pro (OceanOptics, CIIA) c II3C-
neTekTopoM, pabotaromum mpu -15 °C [3]. Permcrparus
CHEKTPOB IPOBOJMIACH CO CHEKTPAlbHBIM pa3pelIeHHeM

H.A. MatBeepa
Camapckuil HayUOHATbHYLIL
uccne008amensCKuli YHugepcumen uMm.
axaoemuxa C.I1. Koponesa
Camapa, Poccus
m-irene-a@yandex.ru

10.A. Xpucrohoposa
Camapckuil HayUOHATbHYLI
UCCIe008AMENbCKUL YHUBEPCUMEN UM.
axademuxa C.I1. Koponesa
Camapa, Poccus
khristoforovajulia@gmail.com

0,2 aM B muamazone ot 837 mo 920 HM, YTO COOTBETCTBYET
792-1874 cm L,

Bce wu3MepeHus cHekTpoB iN ViVO MPOBOAMIKCH CO
BpEMEHEM HakolvleHuss curHana 60 c. IlnoTHOCTB
MOIIHOCTH Ja3epa Ha Koxke cocTasisia okono 0,3 Br/cm?,
YTO HE TNPEBHIIIAET MAKCUMAIbHO JOMYyCTUMBIA TMpeseln
Bosaeiicteus ANSI B 1,63 Br/cM? um He npuuuHseT
HUKAKOTO BpeJa KOXe WM JuckoMdopra mMarueHTaM.

CooTHolIeHne CHUTHAJI-IIIYM 3apPETUCTPUPOBAHHBIX
CIIEKTPOB paBeH 3 [4].
CroekTpel  ObUIM  MOABEPTHYTHI  MPEIBAPUTEIHLHOMN

00paboTke, a IMEHHO 00pe3aHsI B Auana3zoHe ot 860 mo 920
HM, 9TO cooTBeTcTByeT 1114-1874 cml. 3arem Oblma
ynaneHa Oa3oBas JMHHS C IIOMOINBIO ACHMMETPHYHBIX
HaWMCHBIINX KBaJpaTOB M NPOBEACHO CIIaXXHBAaHHE C
nomomplo ¢uibrpa Casuikoro-I'ones, 4TO IO3BOIHIO
BBIJICJIUTH TIOJIC3HBIH CUTHAJI PaMaHOBCKOTO PACCESTHUAU U
n30aBUTHCS oT ¢doHa (ryopecueHInm. Bes
nmpenBapuTenbHas o0paboTka MPOBOAMIACH CPEACTBAMH
nporpammHoro obecnedenust RStudio [5].

Uccrnemoanne CH in ViVO mpoOBOXMIOCH B OT/ACICHHE
Kapauoxupyprun, Camapckodl Tropoackoit G6oipHHIBI Nel
nmenu H. U. Tluporosa. B nccnenoBanuu NpuHsIM ydacTue
127 mammenToB, 6ombHEIX CH, W KOHTpOJIBHAs rpymnmna u3
126 uvenoBek. dDakTHUeCKUEe AMATHO3BI OBUIN ITOCTABJICHBI
BpadaMH OOJBHMIBI HAa OCHOBE IIOBBIIICHHOTO YPOBHS
Oemka BNP B kpoBH yenmoBeka.

Bce uccnenoBanus in ViVO MpOBOIMINCH Ha MAIMCHTAX
crapme 18 net. [lepen nuccienoBaHueM OT BCeX MAI[UEHTOB
65110 MOJIy4eHO UH(OPMHUPOBAHHOE coriacue.
UccnenoBanust Obimu 0100peHsl KomMuTeTOM 1O OTHKE
Camapckoro rOCyJITapCTBEHHOTO MEIUITTHCKOTO
yausepcureta (Camapa, Poccus).

Jlnist uccneioBaHusl paMaHOBCKUX CIIEKTPOB M BBIJIEIICHUS
KOMITOHEHTOB KOXXHM HCIIOJIb30BAJICS METOJ pa3perieHus
MHOTOMEPHBIX KPUBBIX C IPUMEHEHHUEM METO/a YaCTHYHBIX
HauMmeHbLMX kBagparos (MCR-ALS).

Kaxnpli KOMIOHEHT HMEET paMaHOBCKHI CIEKTp,

KOTOPBIi BHOCHT OIpPEICIICHHBI BKJIA B  OOIIMIA
pPaMaHOBCKHUX CIIEKTP obpa3ra, oTpeIeNIIeMbIi
KOHIIGHTpAIle KOMIIOHEHTa B  oOpasme. [pyrumu

CJIOBaMH, PAMAaHOBCKHH CIIEKTp oOpasla MpecTaBisieT
co0oli NMUHEHHYI0 KOMOWHAITMIO CIEKTPOB KOMIIOHEHTOB,
YTO MOKHO BBIPA3UTh B BUJIC YPABHEHUS:

D=CST,
rae C — MaTpula KOHLIEHTPAUi YUCThIX KOMIIOHEHTOB B
o0pa3iie, a S — MaTpuIla PAMaHOBCKUX CIIEKTPOB YHCTBIX
KOMIIOHEHTOB.
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BTOPOE YHCIO — HWHTCHCHBHOCTH
ITHKA B OTHOCHUTEJIbHBIX €IUHHIIAX.

Bonvopoe wcno, cm

Puc. 1. CieKTpbl KOMIIOHEHTOB KOJKH, BBIICJICHHBIC U3 PAMaHOBCKOT0 criekTpa obpasua metonom MCR-ALS

Bamaua Meroma MCR-ALS cocrour B TOM, YTOOBI
nonyuuts C u S, 3Has D. D10 He TpuBHalbHas 3ajaya,
MMOCKOJIBKY TIPUBEICHHOE BEINIE BEIpAKEHHE HE HMEET
YHHUKAJIBHOTO PEIICHUS.

OcHoBHBIM  mpeumymiectBoM  meroma MCR-ALS
SIBIISICTCS.  BO3MOXKHOCTh  (DU3MYECKOH  HHTEPIpPETAluU
KOMIIOHCHTOB, Ha KOTOPbBIC Pa3/e/icHbl UCXOIHBIC CIHEKTPHI
pPaMaHOBCKOTO paccesiHus. boyiee TOro, BKJIAA CIEKTPOB
KOMIIOHCHTOB B OOIIHMil CrIEKTp 00pasia HAIPSMYIO CBsI3aH
C KOHIICHTpAIMSIMH ATHX KOMIIOHEHTOB B oO0pasime, 4To
MOJXKET TO3BOJHTH IPOBOJUTH KOJIHYECTBEHHYIO OICHKY
OT/IeTIbHBIX BEIeCcTB B 0Opasie [6].

3. PE3VJIbTATBI 1 OBCYXJEHUE

B pesymprare MCR-ALS aHanm3a 3aperucTpupoBaHHBIX
PaMaHOBCKHMX CHEKTPOB KOKH HAlMEHTOB M3 00EWX Ipymil
(6ompHple CH M KOHTpoONbHas Tpymmna) OBIIM IOTYyYEHBI
paMaHOBCKHE CIIEKTPbl BOCBMH OCHOBHBIX KOMIIOHEHTOB,
BHOCSIIIUX BKJAJ B pPaMaHOBCKHE CIIEKTPbl  KOXH.
PamaHOBCcKHME ~ CIIEKTpHl  MOJYYEHHBIX  KOMIOHEHTOB
IIPEJCTaBICHbI HA pUCYHKaxX 1 1 2.

B cmektpe kommoHeHTa | BHIECH BBIPaKEHHBIN BKIIA
pochomuokcurpymmer POz ma 1093 cmt. B cmektpe
xommoHenTa 2 muk Ha 1090 cMm? cooTBeTcByeT nummpam,
nuk Ha 1450 cm ! — Genkam (KepaTuH, KOJUIAreH M DIIACTHH).
Iuxu 1454 cm?, 1660 et 1 1296 cm ! cootsercTBYIOT CH
koneOanuto, amuay | u xonebanmro CH2, cooTBeTCTBEeHHO
[7]. Apyrumu cnoBamu, KOMIOHEHT 2 NPEICTaBIsET BKIAT
pa3iuuHbIX OENKOB KOXHOHW TKaHH M, BO3MOXHO,
€CTECTBEHHOTO YBIAXKHSIOUIEro Gakropa.

B cnektpe xommnoHenta 3 mnuku 1081 u 1092 cm
! cooTBeTCTBYIOT TOJIOCE MTMNMIOB, KU 1162, 1264, 1445
cml, BO3MOKHO, SIBIAIOTCS BKIAJOM Kepamunia, muku 1372
u 1570 e — Bknagom menanuna [7].

B criekTpe KOMIIOHEHTOB 5 M 6 TPYJHO BBIACIHUTH NMUKH
KaKOro-JIN00 KOHKPETHOTO BEIIECTBA MJIM TPYTIIHI BEIIECTB,
37ech HaONIOAIOTCS TIMKH MHOXKECTBA OEIKOB, JIUIHIOB U
np. KommoneHT 7, cyns mo pucyHKy 1, mpencTaBisieT coooi
BKJIQJ ONTHYecKoi cuctembl [6]. B  kommoneHT 8
HauOONBINMIA BKJIa BHOCAT nunuasl Ha 1270 cm™! u Boja Ha
1655cm [7].

B pesymprate mnposenenHoro MCR-ALS anammsa
PaMaHOBCKHX CIIEKTpOB Kok manueHToB ¢ CH ymamocs
BBIJICTIUTH OCHOBHBIE KOMITOHEHTHI (IPYIIIBI KOMIIOHEHTOB),
BHOCSIIIME BKJIAJA B OOIMA paMaHOBCKUH  CIIEKTP.
JanbHeiimye  uMccienoBaHUS  IUIAHUPYETCS  TTOCBSATHTH
M3YYECHUIO PAa3IMYUi BKIaJa ATUX KOMIIOHEHTOB B CIIEKTPHI
KOXHM 310poBbIX Joaed u mnauveHtoB ¢ CH u
KJacCH(UKaIMu CIIEKTPOB.
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