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onepamopa

IIPOBJIEMBI CBOPA U OBPABOTKH MEJIUKO-
MCUXOJIOTHYECKO HH®OPMAIIUH O MMAIIUEHTAX
bouaposa A.E.

TOMCKHUI IOJTUTEXHUYECKUI YHUBEPCUTET
e-mail: aeb1l4@tpu.ru

Ansorarst. OTCYTCTBHE CHCTEMaTH3allMM XpaHEHHWs JaHHBIX
HCCIIeIOBAaHMS 3HAUNTENFHO CHIDKAET 3 PEeKTHBHOCTD paboThl ¢ HUMHU. B
CTaThe TIPEJCTABICHBI MPEATIOKEHHBIE aBTOPOM TEXHOJOTHH, KOTOPBIE
UCIIOJNIB3YET HMCCIIEIOBaTeNbCKas Ipymmna npu coope, 00paboTKe, TOMCKE U
aHaJIM3€e JaHHBIX O MTAlUeHTaxX Ha OJTHOM 13 BeAyIIHX Kadeap MeJUIIMHCKOTO
YHUBEPCUTETA, MIPOOJIEMBI 3TOT0 MpoLecca UX MPUYMHBI U IIyTH PELICHHUS.
OCHOBOI SBJISIETCSI aBTOMATH3AIIMsI TIpoliecca coopa U 00pabOTKH JaHHBIX,
YTO HO3BOJIUT 3HAUUTEJILHO COKPATHTh BPEMEHHBIE 3aTPAThl, YEJIOBEUECKUE
pecypchl, a TakKe MPEJOCTaBUT BO3SMOXKHOCTH HPEICTABICHUS JaHHBIX B
yIoOHOM I aHanm3a Gopme.

KnroueBble croBa: MeauIHCKUE UCCIIEAOBaHUs, aHAIU3 TPOOIIEM,
nH(pOpMaIMOHHAs CHUCTEMa, aHaJM3 JIAHHBIX, WHTEUIEKTYaJbHbBIH aHaIN3
JaHHBIX.

PROBLEMS OF COLLECTING AND PROCESSING OF MEDICAL
AND PSYCHOLOGICAL PATIENT INFORMATION
Bocharova A.E.

Tomsk Polytechnic University
e-mail: aeb1l4@tpu.ru

Annotation. Lack of systematic research data storage greatly reduces
the efficiency of them. The article presents technology, which a research
group uses in the collection, processing, retrieval and analysis of data on
patients in one of the leading departments of the medical university, the
problems of this process, their causes and solutions. The key is automation
of data collection and processing, which will greatly reduce the time spent,
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human resources, as well as provide an opportunity to present data in a
convenient form for analysis.

Key words: Medical research, problem analysis, information system,
data analysis, data mining.

B coBpemenHOM Mupe MH(pOpMAITUS MPEICTABIACT COOOW OJUH U3
BaXHEHIINX PECYpPCOB OpraHM3aluu JI000i chepbl KU3HEACITEIbHOCTH
yenoBeka. O0bEM MAHHBIX PACTET € KaXAbIM THEM, YTO CYLIECTBEHHO
YCIIOKHSET MPOIeCcChl cOOpa, XpaHEHUs, IONCKa 1 aHau3a NaHHbIX. C 3Toi
MpoOIeMON CTANKHUBAIOTCS W WCCIENOBATEIN B 00NACTH MeIUIMHEL. OHH
BHJIAT HEOOXOAUMOCTh B ONTHMU3AITNH PaOOTHI ¢ TaHHHIMU aHKETUPOBAHHS
MO HCCJICOBAHUIO OMOJIOTHYECKUX MapKepOB MpH 3a00JICBAaHUSIX HEPBHOM
cucTeMbl. BbICOKas TPYyJIOEMKOCTh Mpollecca 3HAYUTENbHO BIUSET Ha
Ka4yeCcTBO aHAIN3a, YTO B MEAULIMHE HEAOMYCTHMO.

YYacTHUKH HCCICIOBAHUSA IPOXOMAT OMPOC B OyMaKHOM BHUIE,
aHKeTa NpeacTaBiseT U3 ceds 25 BOMpPOcOB ¢ BapuaHTaMH OTBETOB. llo
CMBICITY WX MOXHO Pa3IeNUTh Ha CICAYIOMHE OJOKH: 0OIIHe TaHHBIE, PO
3aHSTHHA, TIPUBBIYKY, 32a00JICBaHM U CEMEHHBIA aHamHe3. )1 TOHMMaHHS
mpolecca, NPeACTaBUM CHUCTEMY C mnomouibio Merononoruu IDEF0. Ona
MO3BOJIUT JOCTATOYHO TOAPOOHO OmMUCATh (PYHKIHUOHATBHYIO CTPYKTYPY
mporecca: TOPSIMOK NEHCTBUH W CBSI3M MEXAY OOBEKTaMH CHCTEMEL.
[IpencraBuM mpolecc Kak «UYepHBIA SIIUK» WIH, OPYTUMH CJIOBaMH,
paccMoTpuM BepxHUH ypoBeHb A(Q ¥ Ha30BeM €ro TNPOBEACHHUEM
MEPBUYHOTO aHKETHPOBaHUSA. Bxomom OyzmeT sBIATHCS Kamoba MarueHTa,
OTPaHUYCHUSMHU — JOTOBOP 00 WCIOJH30BAHWU MEPCOHATIBHBIX TAaHHBIX H
mabioH aHKeThl. BrnagenelilaMu mporecca SBISIOTCS MEAUIIMHCKHUE
COTPYIHUKH, OHHM >K€ BBICTYNAIOT B POJM HCIIOJHUTENEH. 3amoiaHeHHas
aHKeTa ¥ JaHHBIE IS aHauu3a SBISIOTCS BBIXOJAMH (pe3yabTaTaMu)
mporecca.

Pazo0bem mporiecc Ha IO/ ITPOIIECChl M TOCMOTPUM Ha Ipolriecc dolee
neranpHo. Ha puc.l m300paskeH ciemyronyii ypoBEHb JETaIM3alliuH 10
metonoioruu IDEFO.

Kak omumcano  Bplllle, HWHULOMATOPOM  Ipolecca  SABJISETCS
3aWHTEPECOBAHHBIA MAlMEeHT. [IepBbhIM MIAroM K pPEIICHUIO MPOOIEMBI CO
3MopoBbeM (Iommporiece 1) sBisercs 3amuch Ha mpueM. Ilocie dero mis
MPOBENICHNS aHKETHPOBAHMS 3aJaHHOW (opMbl 1O 3akoHy PD «O
MePCOHAJILHBIX JaHHBIX», HEOOXOJUMO COTJIacCHe MaIMeHTa Ha 00paboTKy
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€ro TMepCOHANBHBIX JMaHHBIX. /TSI TOro 4TOoOBI €ro MOMY4YHTh HEOOXOJUM
mporecc 2, Ha3pIBAEMBI TONKCHI0 COTJIANICHUS Ha 0OpabOTKY JIMIHBIX
maHHbIX (mogmporecc 2). Ilocme 3TOTO TManMEHT 3aloNHSET AaHKeTy,
(momnponece 3 — ankeTupoBanue). Jlanee TaHHbIE BPYUYHYIO IIEPEBOIATCS B
3JIEKTPOHHBIM BHJI B IESIX YKOHOMHU BpPEMEHH Ha MPOBEJCHUE aHaU3a
JAHHBIX. (TOIIpoIiece 4- MePEBO] TAaHHBIX B 3JICKTPOHHBIA BU).

25 g Beaase Lafros

— et
axta '3 Voo

— I ey

oy 2

| e ]

e

Pucynok 1 — Jlekomno3unus ypoBHs A0

[TepBbie aBa mojampoliecca TPyAHOCTEH He MopokaatoT. OCHOBHBIE
mpoOIeMbl BO3HUKAIOT HAa yPOBHE aHKCTUPOBAHHMA U yCYTyOISIOTCS Ha
CJICMYIONINM IIare NpH TNepeBojie JaHHBIX B AJIEKTPOHHBIH Bua. CHavana
MAIMEHTHI 3aTOTHSIIOT OyMaXKHBIC aHKETHI, IENAIOT OMUOKH, OEpyT HOBYIO
thopmy, 3amomHSIOT cHOBa. Ilocie 3TOro coOpaHHBIE 3a ONpEHEICHHBIH
MIEPHUOJ] aHKETHI TPUHOCAT MEIUIIMHCKOMY PaOOTHUKY, KOTOPHIA BPYUYHYIO
MEPEHOCUT JaHHBIC ITHX aHKeT B oxHy Tabmuity Excel. Takoi mporecc
3aHMMAaeT OYEHb MHOTO BPEMECHH M BEJIHKa POJIb YEIOBEUECKOro (hakropa,
MIPH TTePeHOCEe TaHHBIX TaKKe BO3MOXKHBI ONTHMOKH, KOTOPBIE MOBIHSIOT Ha
pe3yJIbTAThl aHATIN3A.

Tak kak 1menpl0 pabOTBI  SBIIACTCS  YIPOIICHHWE IMpolecca
AHKETHUPOBAHUS, 00Pa0OTKHU U yUETAa MMOYIECHHBIX TaHHBIX OT MAIlHEHTOB, TO
ObUIM BBISBIICHBI OCHOBHBIC TIPHYMHBI, BIMSIONINE Ha TpolieMy.
CyIecTBYIOT pa3U4HbIe CPEACTBA VIS MPOBEIACHHS MMOJOOHOTO aHAIM3a,
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OJIHO W3 HUX — nuarpamma «PeiOuil ckeneT», KoTopas IpeIcTaBICHHAs Ha
puc.2. [1]

MNaunentor | Cpeacrsa
Yxazanne O1eyTerme cHeTemp
[ HEREPHOH HHGOPMALMM - suiBoprm aanmHex
K AHRANSY
v v 4 Tpypoemkoctb aHanusa
1 i
o e o R A | AAHHBIX AHKETMPOBAHKA
ownbBox npw neoAe i
b A Bonwiume
NPEMEHHLIE JATPATH
HYenonewecxuih axrp
CorpyaHUKM

Pucynok 2 — Jluarpamma «Pe10wmii ckenety

Ha puarpamMMe HariasiAHO NPOJIEMOHCTPUPOBAHHO, YTO OJHOM U3
TJIABHBIX MPUYHMH TPYJOSMKOCTHU SBIISCTCS MPOBEJEHUE OMPOCa MAIUEHTOB,
a Takke OOpabOTKH MaHHBIX B OYMaKHOM BHIE, YTO BJICUET 3a COOOM
0O0JIBIIIOE KOJMYECTBO OIMIMOOK W CHIIBHO YBEIHUYMBACT BpeMs 00pabOTKU
aHKeT.

B kauecTBe penieHus TaHHOW POOJIeMBI TpenjiaraeTcs pa3padboTarh
WHPOPMAIIMOHHYIO CHCTEMY, KOTOpas IMO3BOJUT XPAHWUTh BCE NMAHHBIC B
OJIHOM Me€cCTe€, MPOBOJUTh AHKETHPOBAHHE YYACTHHKOB MEIMIIMHCKHUX
HCCJIeI0OBaHUH B AJIEKTPOHHOM BHJIE, 3arpyKaTh CYLIECTBYIOIIME JaHHBIE B
Buje Excel daiinos.

Paspabotka Bemetcst cpenctBamm Oracle APEX. B cucreme
MPUCYTCTBYIOT TAaKHE POJHM, KaK: aAMHHUCTpaTop (CcIemuT 3a paboToi
CHCTEMBI, YIIPABJISIET TOJB30BATEIISIMH), CIICIIUATUCTBI-MEIUKH (TIPOBOJSAT
aHKETHPOBAHKE U MOATOTABINBAIOT JAHHBIC JUTSI TOCIEAYIONIETO aHATN3a) |
oTpamrBaeMble (0TBEYAIOT Ha BONPOCH! aHKeTHI). [IpenMyiiecTBaMu HOBOM
CHCTEMBI, HECOMHEHHO, SIBJISIETCS TIOBBIIICHIE CKOPOCTH 00pabOTKY TaHHBIX
aHKeTUPOBAHM, COKpallleHWe KOJIMYEeCTBAa OHIMOOK, 00OCHOBAaHHBIX
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XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

YeJI0BEUECKUM (PaKTOPOM, U, KaK CIICACTBUE, TOBBIIICHIE KaUeCTBA aHAIN3a
JTAaHHBIX.

OpmHako 5TO HE eAWHCTBEHHAs TpobOiema. Eme omHuM «IKOpem»
WCCIIEIOBAHUA SIBIISIETCS OYEHBb TPYAOEMKHH IMPOIECC PYYHOTO TOUCKA W
aHanm3a faHHEIX. OCHOBHAS MpobJIeMa 3aKIIF0YaeTcs B TOM, YTO KOJIMYECTBO
caMHX aHKeT W KOJMYECTBO MapaMeTpoB, XpPaHUMBIX B CHCTEME
Ype3BbIYaiiHO BeMKO. [Torck 3aKkoHOMEpHOCTEH YacTo TpeOyeT AeTaaIbHOTO
U3yYEHHs] KOHKPETHBIX MapaMeTpoB, U MPUCYTCTBHE JUIIHUX, HA JAHHOM
JTarne, JTaHHBIX YBEIMYUBAIOT BPEMEHHBIE 3aTPaThl M CHIDKAIOT KA9eCTRBO.

Bonee Toro, UTOOB  BBIABIATH TEHACHIUH  HEOOXOIUMO
BU3YaTU3UPOBaTh MH(POPMALHIO, ATO IO3BOJHUT CYIIECTBEHHO CHHU3UTH
BEPOATHOCTh YIYIICHUS BaXHBIX (DAKTOB, KOTOpHIC, B MECIUITUHE, MOTYT
JlaKe TIOBPEINTh 3I0POBBIO Jtozei. [lapamMeTpbl, 0 KOTOPHIM HEOOXOIUMO
IenaTh BBIOOPKY JaHHBIX MCHSAIOTCS B 3aBHCHMOCTH OT HJCH
UCCIICIOBATENsl, a 3HAUYUT IOWCK M aHAIM3 HY)XHBIX JaHHBIX SBISETCA
BeChbMa TPYJOEMKHM U BpeMs 3aTpaTHBIM MPOIECCOM Jaxe ¢
WCTIOIH30BAHUEM HACTOSIICH BepCHU HH()OPMAITMOHHON CHCTEMEL.

CraJo moHITHO, YTO CHCTEME HEOOXOIUM TOTIOTHUTEIHHBIN MOAYIIb,
Ha30BeM ero «KCIOPT», KOTOPHIH MO3BOJIMI OBl HA3HAYUTH HEOOXOANMBIE
aTpuOyTBl M YCIIOBHS IIOMCKAa, OCYHIECTBUTH BBIOOPKY M CPOPMHpPOBATH
(haiin B ynooHOM 1151 aHam3a opmare. Takum GopMaToM, Ha TAHHOM Tare
Hale CoBMeCTHOW paboThl, IS Tpynmbl HccienoBatened Cubl' MY
sBisgercsa ¢GopMar 3MeKkTpoHHbIX Tabmun Excel. ®@opmupoBanus daiina
TaKOTO THUNA TO3BOJHT  OCYIICCTBIATh  HEOOXOIUMBIH  YPOBCHB
BU3YaIM3aIiH, U yIO0OCTBO NPEACTABICHUS NAHHBIX, BHITPYKATh JaHHEIC
Ul aHaiM3a B YAOOHOW ¢opme c BHIOOPOM JIOOOrO0 KOJNIMYECcTBa M3
NIPE/ICTaBICHHBIX B aHKETE MapaMeTpoB Ul aHAJIN3a.

C yueToM HH(POPMAIIMOHHON CHCTEMBI ITPOIecC BEIOOPKH JaHHBIX JUIS
aHanu3a OyaeT BBITISAACTh CIASAYIONIUM 00pa3oM: puc 3.

B xozme mnnaHupoBaHUS U pealM3alMd TAKOTO MOIYJIS MBI
CTOJKHYJIHCH C HEKOTOPBIMH ITpoOemMamu: [2]

1. Heob6xoammMo co3aaTh yHUBEpCATbHBIA MEXaHU3M, KOTOPBIH
obecrieunT BBHIOOPKY MO JIIOOBIM JKeJIaeMbIM aTpHOyTaM M3 UMEIOMINXCA U
TI03BOJIMJT OBI 331aTh UM JIF000€ KOJIMUECTBO YCIOBHIA 0TOOpA.

Pemmte Takyto 3amady cpexctBamMu SQL Henmbsd, mosToMy B XOze
paboThl OB M3y4deH mpoueaypHbd 361k PL/SQL, koTOphIid mo3BossieT
CO3/1aBaTh IMPOLEAYPHl, NUHAMHYCCKH T'C€HEPHPYIOLIUE 3alpoC, a 3HAYHUT
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MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

TaKue MO3UIINU, KaK aTpUOYThI, YCIOBUS U MX KOJHMYECTBO MepecTaiy ObITh
npobmemMoit. OTHAKO TaKOH MOAXOJ CTABUT €IIIe OAWH BOTIPOC PEaTU3aAIIH:
KaK TepenaTh IpoLexype Bce He0OXOJMMBbIE TTapaMeTPHI?

2. Heob6xoaumMo nepenath 06aze HeONpeaeIeHHOE KOJTUIECTBO
aTpuOyTOB JUIA BHIOOPKH W HEONPEACICHHOE KOJMYSCTBO IapaMETpPOB
pa3HoOro TUNa AJs yCIoBuil oTOopa.

RN |

Pucynoxk 3 — Ilpomecc BBIOOp HaHHBIX /IS aHAIHM3A

o pemrenuro 3Toi MPoOIEMBI Y HAC BO3HHKJIO /IBa BapHaHTa [2]:

[lepBrlit BapHaHT IpeAIIONAraeT, YTO Ha CTOPOHE MPIJIOKEHHS MOCTe
MOATBEPKACHUA BBIOPAHHBIX IMapaMeTpoB OymyT (GOpMUPOBATHCA JIBE
crpoku. OnHa OyIeT coepkaTh CIIMCOK aTpHOYTOB, pa3/ieJICHHBIX 3apaHee
OTOBOPECHHBIM pa3eiUTENIeM, a BTOPas-CIIMCOK MapaMeTpPOB YIS YCIIOBHMA
oTbopa, a TaKke WX 3HAYCHWUS, OIATH XKE, B 3apaHee OrOBOPECHHOM BHUIIC.
[Mocne atoro crpokum OymyT IMepenaBaTbCs B MPOLEAYPY Kak BXOJHBIC
MapaMeTphbI.

Taxoli MPUHIIKT, BO-TIEPBBIX, IIEPETPY3WI OBI IPOLIEAYPY, IIOTOMY YTO
Mpexae YeM AWHAMHYECKH TeHEpHUpOBaTh 3alpoc HEOOXOAMMO pa3odparthb
c(hopMUpPOBaHHBIE CTPOKH, a ITOT IMPOLECC TPeOyeT IOMOTHUTEIHHBIX
pecypcoB. Bo-BTOpBIX, IOMONHUTEIBHBIN TMporecc (GOpPMHUPOBAHUS WU
pacuieryieHuss  CTPOK ~ MOMKET  IPOBOIUPOBATH  JOMOJHHUTEIHHEIC
UCKJIFOUCHUS, KOTOpBIE MPHUACTCS 00pabaThiBaTh OTAEIbHO. Ele omHOM
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MOTEHIIMATLHOM TIPOOIEMOM CTAHOBHUTCS HJIeSI OTOBOPEHHBIX Pa3IeIUTENCH,
KOTOpBIE B OymyIleM, MpH pacHIMPeHHU MIa0JIoHa aHKETHI, BO3MOXHO,
OKa)XyTCA YacThIO TEKCTa. Torma mIpuaeTcss TPaTHTh JOTOTHHUTEIHHBIC
pecypchl Ha epepaboTKy npuitokeHus. [loaTomMy ObLT pa3paboTaH qpyroi
BapHaHT.

Jpyroii OaX0I MPEeAoiaraeT, YT0 Ha CTOPOHE MPHIIOKCHHS TIOCIIe
MOJTBEPKACHUS BBHIOPAHHBIX NApaMETPOB IS KaKIOrO BBIOPAHHOTO
aTpuOyTa WIK YCIOBHSI BO BpEMEHHYIO TaOIUIly OyJeT 100aBIATHCS CTPOKA.
Bpewmennas Tabnuia cogepikuT HASHTH(HUKATOP CTPOKH, KOJOHKY, KOTOpas
0TOOpakaeT THUII ITOTO MapameTpa (aTpudyT MO0 ycioBHe), UM TaOIUIIHI,
UM TTapaMeTpa, a TAKXKe ero 3Ha4eHUe, B TOM CITydae, €CIIH 3TO YCIOBHE.

BpemeHHbIe TaOIHIBI CYIIECTBYIOT TOJIBKO B Mpeaeiax KOHKPETHOM
CECCHH, TI0TOMY 3TO IO3BOJHT MOJH30BATHCSA JAHHBIM (HYHKIIMOHAIOM
HECKOJIBKUM TI0JIb30BaTEIIIM OJHOBPEMEHHO. Takoe pelieHne JOCTaTOYHO
rubKoe, OHO HE 3aBHCHUT OT IIAa0J0HA AaHKEThl, HE HMEET HHKAaKHX
OTpPaHWYCHUN IO KOJHMYECTBY IapaMeTpoB, He TpeOyeT 3aJelicTBOBATH
JOTIONTHUTENBHEIE pecypchl. [loaTomMy Ha cropone ©0as3bl JNaHHBIX LIS
TeKymeld (QYHKIMOHATGHOW BO3MOXKHOCTH OBIIa CO3MaHA BpEeMEHHAs
TabJIUIa, COMepIKAIasl BCE BBINICONMMCAHHBIC aTPHOYTHI, & TAKXKE XpaHUMast
mporenypa, TMHAMIIeCKH (hOPMUPYIOIIAs 3aIPoOC.

Ha cropone npumoxenunst Oputa co3mana ¢opma, copepkamas IBe
00JacTH TMapaMeTpoB: aTpUOYTHI BHIOOPKH M TapaMeTphl YCIOBHHA C HX
3HaueHUsMUA. Ha ¢opMe Takke TPHCYTCTBYET KHOIMKA, (DUKCHPYOIIas
BEIOpaHHBIE TapaMeTpbl ¥ HWHHLOUUPYIOMAS JO0aBIEHHE CTPOK BO
BPEMEHHYI0O TaOJWIly W KHOIKA, OTBEYaromas 3a (OPMHPOBAHUE U
BeIBeneHUe Qaitma cpenctBamu Oracle APEX. ®aitn dopmupyercs Ha
OCHOBaHHMH C(HOPMHUPOBAHHOTO MPOIIETyPOH 3ampoca.

Takas cucreMa TO3BOJNIAT HCCIeAOBaTeNbCKoW rpymre Cuol' MY
3HAYUTEIBHO CHU3UTh BPEMEHHBIC 3aTpaThl Ha cOOp MAHHBIX U UX
MOJATOTOBKY K aHalu3y, YTO CcHeNlaeT Ipollecc Tropa3fo IpHsATHeEe.
YMEHBIIUTCS KOTUIECTBO OMIMOOK, CBA3aHHBIX C YSIIOBEUECKUM (DAKTOPOM.
IIporiecc BEISBIICHUS 3aKOHOMEPHOCTEH CTAaHET IIPUOPUTETHHIM, IMEHHO Ha
Hero OyIyT TpaTUTHCS OCHOBHEIE PECYpCHI MCClienoBaTeneii. UTo He mMaio
BaXHO YJIYYIIUTCS HACTPOW U OTHOIICHHWE MEIWIIMHCKUX PaOOTHUKOB, a
3HAYHT YIYYIIUTCS KAYECTBO PE3yIbTATOB.

Eme omHuM BaXKHBIM IIYHKTOM PaOOTHI MO ONTUMH3AIMU IMIpoIecca
MIPOBEICHUSI UCCIIEOBAHUS SBISICTCA CHCTEMAaTHU3allUsl aHANINW3a JaHHBIX.
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BrlsiBieHHBIC 3aBHCHUMOCTEH M 3aKOHOMEPHOCTEH B COOPAaHHBIX JaHHBIX
UTPAIOT CaMyI0 BaXXHYIO POJb B HCCIICIOBAaHUH. Bce mpeapimymiue ATarsl
ObUIM UG TIOATOTOBUTEIBHBEIMH. [l03TOMY BaXKHBIM IIaroM TaKxke
SIBIIIETCSI BEIOOP TIOJIX0/1a TSI aHAJIM3a OOJIBIIOr0 o0beMa HH(OPMAITHH.

B cBa3u ¢ TeMm, YTO B MAacCHUBE JAHHBIX COKPBITO MHOXKECTBO
HEOUYCBHUIHBIX 3aKOHOMEPHOCTEH, 11eJIecO00pa3HO MPUMEHUTh TEXHOJIOTHIO
DataMining. Ee cMbIch 70CTaTOYHO TOYHO ONPEISIIAI OJIMH U3 OCHOBATENICH
nanHoro Hampasienus [ puropuii [Tnarenkuii-lllamupo: «Data Mining —3To
mporecc OOHApYXeHHWs B CHIPBIX JaHHBIX paHee HEW3BECTHBIX,
HETPUBUAIBHBIX, MPAKTUYCCKH TOJEC3HBIX M OCTYIHBIX HHTEPIIPETAINH
3HAaHUH, HEOOXOMWUMBIX ISl TPUHATHS PEHICHWH B pa3iIWdHBIX cdepax
YEeJIOBEUECKON nesTenbHOCTH». [3] JIeHCTBHUTENBbHO, OCHOBHAs IIEJb
TEXHOJIOTUHU — TIOUCK B OOJIBITUX 00hEMaX JAHHBIX CKPBITHIX, 00bEKTUBHBIX
Y TJIABHOE TOJIE3HBIX Ha MPAKTUKE 3aKOHOMEPHOCTEH.

[ToapITOXXKMB BCe BBINIECKA3aHHOE HEOOXOJIMMOCTh aBTOMATHU3AINH
YacTH UCCIICJIOBaHMsI OuYeBHUHA. ECIM TOBOpUTH O CYIIECTBYIOUIUX
aHajorax JJaHHOM cucTeMe, TO Ha CEerOAHSIIHUN NeHb AeTalbHBbIM aHaIu3
KOHKYPHUPYIOIINX Pa3pabOoTOK IMOKa3aj, YTO aIbTEPHATHB, CYIISCTBYIOIIIX
Ha PBIHKE, TMOIXOMSANINX U YCIOBHIM TaKOro HMCCIIENOBaHUs, HeT. Takoi
aHaJIN3 HEOOXOIUMO TPOBOJUTH CHCTEMATHYCCKH, BEIb PBIHOK CErOIHS
MOCTOSIHHO TIpeJylaraeT BCE HOBBIC M HOBBIC TPOAYKTHL. OH momoraer
BHOCHUTH TIOTIPAaBKH B HAyYHOE HCCJIECIOBAHUE M €r0 OpPraHHM3aIUio s
MOJIJIeP’KaHusl KOHKYPEHTOCTIOCOOHOCTH.

BaxxHO OOBEKTHBHO OIICHUTH CHJIBHBIE W CIA0BIE  CTOPOHBI
pa3paboTOK KOHKYpeHTOB. [lJIT 3TOr0 MOMKET OBITh HCIOIB30BaHA BCA
HUMEIOIIAsICs MH(POPMAIHI 0 KOHKYPEHTHBIX pa3paboTkax [4]:

* TEXHUYECKUE XapaKTEPUCTUKH Pa3padOTKY;

* KOHKYPEHTOCIIOCOOHOCTH Pa3paboTKy;

* YPOBEHb 3aBEPIIEHHOCTH HAYYHOTO HWCCIEOBaHUs (HATU4HE
MakeTa, MPOTOTHIIA U T.IL.);

* OI0KeT pa3paboTKy;

* YPOBEHB IPOHUKHOBEHHS Ha PHIHOK;

* (MHAHCOBOE MOJOKECHIE KOHKYPEHTOB, TCHACHIINN €T0 H3MECHEHUS
U T.0.

AHanmM3 KOHKYPEHTHBIX TEXHHUYCCKHUX PEHICHHH C  IO3UIUH
pecypcoddPeKTUBHOCTH W pecypcocOepexeHHs] TO3BOJISET TMPOBECTH
OIICHKY CpaBHUTENbHOH d(h(EeKTUBHOCTH HAy4YHOW pa3pabOTKH H
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OTIpEeNICINTh HAIMpaBlICHUA IS ee Oyaymiero moBelmieHus. Ha mgaHHbIN
MOMEHT B XO/I€ HCCIICIOBAHUS AJIsl CPAaBHEHNST KOHKYPEHTHBIX TEXHHYECKHX
pemieHnii OBUIM B3ATHI TakWe, Hanbojee MOAXOAAIINE IPOrpPaMMHBIE
MPOAYKTHI, KaK «DCKyJal: MeTUIMHCKUNA CKpUHUHTY, «Mea UT-Pemennsy.
JlJ11 KOHKPETHOr0 MCCIEI0BAHUS AHAJIOTOB IPOCTO HET U MPEJICTABICHHbIE
MIPUMEPHI OKA3aJIUCh 110 TEM HJIM MHBIM MPUYWHAM HETIPUTOTHBIMHU.

OTO CBA3aHHO C TE€M, YTO OOJBINAS YAaCTh MEAMIUHCKUX CHCTEM
COJICPXKUT OOJBIIOE KOIUYECTBO HEHY>KHBIX JUISI UCCIEAOBAHUS (YHKIIUIL.
Hx cromMocTh BBICOKA M HE OTIpaBJaHa B paMKax uccienoBanusa. HampoTus,
CHCTEMBI, IPEAOCTABIISAIONINE BO3ZMOKHOCTh YAOOHOTO aHAIN3a JaHHBIX, He
MPEIOCTABIAIOT (DYHKIMHA, HEOOXOAUMBIX JJIS paldOTHl ¢ MEAUIIMHCKIMHU
nanHeIMU. [lponsBesneH moOWCK W aHaNM3 IPOTPAMMHBIX  CPEJICTB,
peanm3ylomMX  BBIBIICHHBIE — TpeOoBanus.  Hampumep,  moctymen
nporpaMMHbIH TpoayKT SF36 24710 onpocauky «KpaTkas ¢popma 310pOBbs
-MOS36» (Medical Outcomes Study — Short Form), cepBuc mis
MIPOBEACHUS TICUXOJIOIMYECKUX TECTUPOBAHHUN MO ONMPOCHUKAM H3yUYCHHUS
KadecTBa JKM3HH B COOTBETCTBHM CO IIKaJaMH TpeBord. JlaHHbBIE
MIPOTrpaMMHBIE pPElIeHns MpeAHAa3HAuCHbl, TJIABHBIM 00pa3oM, TONBKO I
TojicyeTa IIOKas3aresiell W TpPeACTaBIsAIOT coOOW YHCIIOBBIE 3HAUYSHHS,
TpeOyromue nambHEHINell WHTeprnpeTalud ¢ HWCCIEeIOBaHHA. TakuM
o0pa3oM, JaHHBIE MPOTrPaMMHBIE TIPOAYKTHl HE BBINOJHSIIOT BCE
HeobxonuMmele pyHkImHA [5].
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XAPAKTEPUCTHUKH 22I' Y CTYJAEHTOB C PA3JIMYHBIMHU
YPOBHAMM JINUHOCTHOM U PEAKTUBHOM
TPEBOXHOCTHU B CUTYAIIUN DK3AMEHAIIMOHHOI'O
CTPECCA
Bonowun M.B., Kuscesamosa E.A., Heanosa J.H.
Pocrosckuii I'ocynapcTBeHHBIM MeIUIMHCKUN Y HUBEPCUTET
e-mail: markvoloshin95@gmail.com

AmnHoTarms. B maHHOM cTaThe pacCMOTPEHBI TPOOIEMBI CTPECcca U €T0
BO3ICHUCTBUS Ha OpraHu3M. [I[poaHanm3upoBaHkl XapaKTEPHBIC OCOOCHHOCTH
OMOAJIEKTPUYECKON aKTUBHOCTH MO3Ta TPH SK3aMEHAIMOHHOM CTpecce,
npoBesieH TecT Crmibeprepa JIMYHOCTHON M PEaKTUBHOW TPEBOXKHOCTH H
COMOCTABJICH C YCIIEBAaEMOCTHIO CTYACHTOB. B Xome wucciemoBaHus
BBISIBICHO Ha DJIEKTpO3HIE(damorpaMMe yBEIHUEHHE CIEKTPaIbHOU
MOIIHOCTH Ha dYactoTe 12-14 T'm B OTBeAeHMSIX, COOTBETCTBYIOIIUX
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TeMeHHOW oOmactu (otBemenus T3, T4, TS5, T6). Tak ke BbIsIBICHA
3aKOHOMEPHOCTD, YTO YEM BHIIIE YPOBEHD CTPECCA, TEM JIYUIIIE PE3yIbTAT BO
BpeMs cllauu SK3aMeHa\3aueTa.

KimroyeBble  cioBa:  JIMYHOCTHAs  TPEBOXKHOCTh,  pPEaKTHBHAS
TPEBOXKHOCTH, 3K3aMCHAIMOHHBIA ~ CTpecc; AJIeKTpodHIedasorpamma;
CTYJCHUYECKAs YCIIEBAEMOCTb.

EEG CHARACTERISTICS OF THE STUDENTS WITH
DIFFERENT LEVELS OF PERSONAL AND REACTIVE ANXIETY
IN ASITUATION OF EXAMINATION STRESS
Voloshin M.V., Kizhevatova E.A., Ivanova D.N.

Rostov State Medical University
e-mail: markvoloshin95@gmail.com

Abstract. In this article problems of a stress and its impact on an
organism are considered. Characteristics of bioelectric activity of a brain in
case of an examination stress are analyzed, Spilberger's test of personal and
reactive uneasiness is carried out and compared with progress of students.
During the research increase in spectral power at a frequency of 12-14 Hz in
the assignments corresponding to parietal area (assignment of T3, T4, T5,
T6) is revealed on the electroencephalogram. Regularity is also revealed that
the stress level is higher, the result is better during examination \offset
delivery.

Keywords: personal anxiety; reactive anxiety; examination stress;
electroencephalogram; student achievement.

AkTtyanbHOCTh: [0 Hacrosmiero BpeMEHH HE  CIIOXKHIOCH
OJIHO3HAYHOTO MHEHHS O BIIMSHUU CTpecca Ha MO3TOBYIO aKTHBHOCTb
yenoBeka [1]. C ogHON CTOPOHBI, OH OKa3bIBaET MOJIOKUTENBHOE JICHCTBHE,
KPaTKOBPEMEHHO CTUMYJIMPYs Hally TMaMATh, C JPYrol CTOPOHBI
MIOCTOSIHHOE BO3JICHCTBHAE MPUBOAUT K HEOIArONPHUSATHBEIM HEOOPATHMBIM
U3MEHCHUAM Mo3ra. B 0CcOOEHHOCTH OH pa3pyHINTENBHO NEHCTBYET Ha
THITOKaMIT U JUMOHMYecKyio cuctemy.[2] B cBoio ouepeap 3TO MOXET
MoBJIeYh 32  COOOW  INCUXMYECKHE W COMATOHEBPOJIOTHICCKHE
pacctpoiictBal3].

Hayuynass rumores3a: 53K3aMEHAIMOHHBIM CTpecC MOJ0XKUTEIbHO
BJIMSIET Ha YCIIEBAEMOCTh CTYICHTOB.
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Iens wuccnenoBanus: BrisiBIeHHE O0OCOOSHHOCTEH 3IEKTPOdHIE-
(anmorpaduyeckrx MpOsIBICHNH SK3aMEHAIMOHHOTO CTpecca y CTYIEHTOB C
pa3IMYHBIMH YPOBHAMH ITUYHOCTHOW M PEAKTUBHOW TPEBOXKHOCTH IO H
ocJIe MPOBeNIeHHs dK3aMeHa (3a4eTa), AU AalbHeHIero KOppeKTHPpOBaHUS
YPOBHS cTpecca Ipu cJade S9K3aMEeHOB.

Marepuraiisl 1 METO/IBL: MCCIIEIOBaHUS TIPOBOIMIIN Ha Oa3e Kadeapsl
METUIIMHCKON 1 Ouosorudeckoir pusukn ®I'BOY BO PoctITMY M3 PD
MIPH IIOMOIIH 3JICKTPO3HIIe(aorpadhudeckoil ycraHOBKH «JHIedanan-131-
03» mpu moctosstHEOM BpeMeru 0,3 ¢ n ¢puinpTpe BepxHuX gactoT 40 [ mpu
gactote anckperm3anun 125 I'n (mpomnssoxctBo OO0 HIIK® «Memukom-
MTI», r. Taranpor). i aHann3a ypoBHS JMYHOCTHOW M PEaKTHBHOM
TPEBOKHOCTH HCTONb30Baiu TecT Crnmibeprepa (CTyAEHTHl MPOXOAWIN
OHJIAaliH TEeCTHUPOBaHHME JO W Tmocie dk3ameHa). [lpu obOpaborke D3I
UCIOJB30BATM  CHEKTPANbHBIA  aHATN3 ©  IPOBOAWIN  MPOBEPKY
CTATUCTUYUSCKUNA paznuuuii mpu mnomorm t-kputepusi CTbrogeHTa. Bcero
00paboTKy JaHHBIX OCYIIECTBISIM B mporpammax Statistica 6.0 u B
nporpamme «JHIedanan.

B nanHoMm uccnenoBanuu npuHuManu yyactue 30 ctyaeHToB 1 Kypca
¢dakynsTeToB JleueOHo-podunaktuaeckoro, Ileauarpudaeckoro, Memauko-
npoduaakTudeckoro ¥ Cromaroyormdeckoro (akyiabTeTa, CHaBaBIINe
3a4eThl M JK3aMEHbl B JIETHIOI0 CECCHI0O Ha Kadeape METUINHCKOH M
ouonoruveckor pusuku. CTyaeHTaM 10 U Tocie 3aueta cHuManu D910 (Bo
BpeMst cbemMa O3 ucCHBITyeMBle HAaXOAWINCh B  MaKCHMAJIbHO
pacciabIeHHOM COCTOSIHHH, MCCIeAOoBaHMe UTIOCch 20 MHUHYT: 5 MHHYT
(oHOBas 3amuCh 3aKphITHIe TNaza, 10 MUHYT (DOHOBas 3amHCh OTKPHITHIE
rimasa ¥ 5 MUHYT (POHOBas 3alKCh 3aKPHITHIEC IJ1a3a), a TAKXKE IPOBOIIIH
tect Cimnbeprepa.

PesynbraTsl nccnenoBaHus: bpuTO BBISIBIEHO, YTO BHICOKHI YpOBEHb
TUYHOCTHOM TpeBokHOCTH (JIT) mo sx3amena Habmromancs y 16 cTyaeHTOB
(53%), ymepennas JIT y 9 cryaenros (30%), a nuskast JIT y 5 ctyaenrax
(17%). Hocne ax3amena Bwicokmit ypoBeHb JIT y 13 crynentoB (43%),
ymepenHas JIT y 9 crynenros (30%), a Huskas JIT y 8 crynentax (27%).
Bricokuit ypoBeHb peaktuBHOW TpeBoxkHOCTH (PT) mo 93x3amena
Habmoxancs y 3 crynentoB (10%), ymepennas PT y 13 crynenTos (43%), a
Huskasg PT y 14 crynentax (47%). Ilocne sk3ameHa BbICOKMH ypoBeHb PT
orcyrctBoBai, ymepenHas PT y 11 crynentoB (36%), a Huskas PT y 19
crynenrax (63%).
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TectupoBanue mokaszano ymensmenue JIT y 9 crynenroB (30%),
ysenmuenne JIT y 3 crymentoB (10%), ymensmenne PT y 9 crymenToB
(30%), yBemmuenune PT y 1 crynenrta (3%). OcranpHble HE MEpenurd Ha
JPyToi YpOBEHb JIMYHOCTHOW M PEaKTUBHOM TPEBOKHOCTH.

level of anxiety
w
a

level of anxiety
(I.>

1 35 7 9 11131517192123252729 1 35 7 911131517192123252729

students students

Pucynoxk 1 — I'paduku yposas PT (rpadux cnesa) u JIT (rpadux crpasa)
CHHHM IIBETOM OTOOPa)xaeTcsi ypOBEHb TPEBOKHOCTH JI0 PK3aMCHA Y
Ka)XXJIOTO CTYJICHTa COOTBETCTBEHHO, KPACHBIM LIBETOM OTOOpaxkaeTcs
YPOBEHBb TPEBOXKHOCTH TIOCJIE 3K3aMEHA Y KaKIOro CTYACHTa
COOTBETCTBEHHO

Ha pucynke 1 BUAHO, YTO ypOBEHb JINYHOCTHOM M PEAKTUBHOU
TPEBOKHOCTH TOCIIE PK3aMeHa y BCEX CTYJICHTOB ITa all.

[To pe3ynpTaTaM CIEKTPAILHOTO aHAJIM3a OBUIH MOCTPOCHBI rpaduku
CIIEKTPOB JI0O M TMOCJE SK3aMeHa (3adyera) Ha OJHONW KOOpJAWHATHOU
wiockocty. Ha rpadukax 6su10 BUaHO, uTO B oOmactsx 6 (0,5-4 '), 6 (4-8
I'm), a (8-13T'm), B (13-24 ') BUAMMBIX H3MEHEHHI He 0OHAPYKEHO U OBLIO
pEIICHO TPOBECTH MPOBEPKY CTATUCTHYECKUX PA3IUYUN MPH TOMOIIH t-
KpuTepus. Y CTYICHTOB C BBICOKOH IIMYHOCTHOW TPEBOKHOCTHIO OBLIO
BbIsIBJIEHO yBenuueHue B orBeneHusix O1-Al, O2-A2, P4-A2, P3-Al, C4-
A2, COOTBETCTBYIOLIME TEMEHHOM [OJIM, YBEIMYEHHE MOLIHOCTU IIpU
gactote 12-14 T'm. PesynpraTel aHanmm3a 3aHeCEHBI B  TaONMILY,
MIpPEICTaBICHHYIO HUXKE.
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3ateM Obula TpOBENCHA KOPPEJAIMS OLCHOK TMpH  claaye
9K3aMeHa\3aueTa W YPOBHEM JIMYHOCTHONH M PEAKTHBHOW TPEBOXKHOCTH.
BrisgBiieHa 3aKOHOMEPHOCTh, UYTO YEM BEIIIEC YPOBEHB CTpEcca, TEM JIyUIIe
pe3yNbTaT BO BpeMs cIaduH dK3aMeHa\3aueTa.

Pucynok 2 — Tabnuma ycpeqHeHHBIX CIEKTPATbHBIX JaHHBIX
(oTHOCHTENBHBIC 3HAUCHHSI MOITHOCTH) MO0 OTBEJCHUAM U YaCTOTaM

BreBons: B xome pa®oThl ObUTa MOATBEpKIACHA HAaydHAs THIIOTE3a,
YTO HK3aMEHALMOHHBIA CTPECC MOJIOKUTENbHO BIMSET Ha CTYIEHTOB, a
TaK)Ke BBISIBICHBI OCOOCHHOCTH OMORIIEKTPUIECKONH aKTUBHOCTH MO3Ta BO
BpeMsi 3K3aMEHALMOHHOI0 CTpecca MPHU Pa3IMYHBIX YPOBHSX JINYHOCTHOM U
pEaKTUBHON TPEBOKHOCTH.

1. Ceunepckast H.E., [Ipynaukos B.H., HoronoB A.I'. Ocobennoctu
O0I'-pu3HAKOB TPEBOXKHOCTH y deinoBeka // JKypH. BbICHI. HEpB. OEAT.
2011.T. 51 Ne2. C. 158-165.

2. KypmunoBa E.B., CrpykrypHO-(pyHKIHMOHANBHBIE H3MEHEHUS
THIIITOKaMIIa npu CTPECC-CUHAPOMEC u nux KOppeKIuAa METOAOM
ouope3onancHoit Tepanuu. J1.: 2010, C. 2-3.

3. Bob P., Kukleta M., Riecancky I., Susta M., Kukumberg P., Jagla
F. chaotic EEG patterns during recall stressful memory related to panic
attack// Physial Res January 1, 2012, 55 suppl 1, S 113-9 (ucrounuk
ClinicalKey)
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AnHoTtanust: JleTHbIM TpyA SBISETCSs OJHUM M3 CaMBbIX CIOXHBIX
BHUJIOB YeJIOBEUYECKOH nesrenbHocTH. Ero ¢ ¢ekTnBHOCTh B 0OecneueHnn
0€30IacHOCTH TIOJIETOB, 3aBHCUT OT TEKYIEro COCTOSIHUSL 3J0POBBS
MTUJIOTOB, (uznueckoi BBIHOCIIUBOCTH, HEPBHO-3MOLMOHAJIBHON
YCTOWYHMBOCTH M HAJECKHOCTH YeJIOBEUECcKoro (axTopa. s mocTmxeHns
COCTOSTHHS ONTHMAJIbHOM Pab0TOCTIOCOOHOCTH MCTIONB30BAINCH Pa3INIHbIC
U3BECTHBIC METOJIBI.
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SET OF PSYCHOPHYSIOLOGICAL PARAMETERS OF FLIGHT
CREWS IN CONDITIONS OF FLIGHT
Vishnevetskii V.Y., Drofa D.A.
Southern Federal University
e-mail: drofa_denis@mail.ru

Abstract: Aircrew work is one of the most difficult types of human
activity. Its effectiveness in ensuring safety, depends on the current state of
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health of pilots, physical endurance, nervous and emotional stability and
reliability of the human factor. Various known methods are used to achieve
a state of optimal health.

Keywords: pilot, status, parameters, status, study.

B wmame BpeMs OBICTpOC pa3BUTHE AaBHAIMOHHOW TEXHHUKH
MpeBpamaeT TpyA JIETHOTO COCTaBa BO Bce Oonee KBaNU(DUIIUPOBAHHBIH,
XapaKTepU3YIOIIUICS  3HAYUTEIBHBIM YMCTBEHHBIM M  (DU3MYECKUM
HampsDKEHHEeM,  AMOLMOHAJIIbHOM  HACBHIIIEHHOCTHIO,  YpE3BbIUANHHOM
OTBETCTBCHHOCTBIO, BBICOKOH OIEPaTUBHOCTBIO B IKECTKOM JINMHUTE
BpeMeHU. D((EKTUBHOCTH IJIETHOTO COCTaBa B OOECIICYCHHH BBICOKOM
CTeTneHn OEe30TacHOCTH IOJIETOB BO BCe OOJNBINEH Mepe 3aBHCHUT OT HUX
TEKYIETO COCTOSHHS 3I0POBbs, (DU3MYECKOH BBIHOCIMBOCTH, HEPBHO-
AMOIMOHAIBHON YCTOMYHNBOCTH, HaJIS)KHOCTH YeioBeueckoro ¢gakropa [1].

JleTHBId Tpyn SBISETCS OOHMM U3 CaMbIX CIOXHBIX BHIOB
YeJIOBEUECKON JesTeIbHOCTH. [lmnoTupoBaHue COBPEMEHHOI'O caMoJjieTa
TpeOyeT OT JIeTYNKa BBHICOKOOPTAHM30BAHHOW ICHXHICCKONH aKTUBHOCTH.
[Ipenen konebanus ero pabOYero COCTOSHIUS OKOJIO ONTHMAIBHOTO YPOBHS
HEBEJIMK, W BBIXOJA W3 HEr0 4YpeBaT CHIDKCHUEM  KadyecTBa
npo)eCCHOHATBHON eATenbHOCTH. [lpu 3TOM nake y BCECTOpOHHE
3IOPOBOTO H TPO(PECCHOHATBHO IOATOTOBICHHOTO IMWJIOTa MO Pa3HBIM
OpUYMHAM B TPOIECCE YIPaBICHUS CaMOJIETOM MOTYT HacTymaTh
HeOJIaronpusTHHIC («TpyaHBICY) TICUXHYECKHE COCTOSTHUS,
MPEICTABISIONINE JIU30ANYCCKIE WM K€ TOBTOPSIOMINECS YXYAIICHHS
CaMOYYBCTBUSI M PaOOTOCIIOCOOHOCTH, KOTOPBIE MOTYT TMPHBECTH K
OO0JIBIIIEMY WITH MEHBIIIEMY HapyIICHHIO MPO(ECCHOHATLHON JACSITEIBHOCTH
[3].

[cuxmyeckasi HANPSHKCHHOCTD, TIEPBUYHO CBSI3aHHAS C H3MCHECHUEM
o0mIero ypoBHS aKTUBHOCTH IICHTPAJBHONH HEPBHOM CHCTEMBI, MOXET
pa3BUBaThCS MOJA JCHCTBUEM HE TOJBKO IICHUXMYECKHX (DaKTOpPOB
(mpenmecTByrOIICE YTOMIICHHE, SMOIIMOHATBHBIC BO3ICUCTBUS
OTPHIATEIBHOIO XapakTepa), HO M (M3MUeCKHX (UIyM W BHOpamms Ha
pabodeM MecTe, 3HAUNUTENFHBIE KOJIEOAHUs BHEIIHEH TEeMIIEpaTyphl, COCTAB
ra30BoOi cpenbl U T. 11.). [lepedyrcieHHbIe TPUYHHEI IPUBOAIT K U3MEHCHHIO
mopora BO30YyIUMOCTH HEPBHOW CHCTEMBI M TEM CaMBIM HAapYIIAlOT
(dbyHKIIMOHANBHBIN KOMbopT [4].
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[TpoGiema Ge30MacHOCTH TOJIETOB CETOJHS HACTOSTEIHLHO TpeOyeT
TICUXOJIOTHYECKOTO OCMBICIICHHS, TaK KakK 3TO IOJHOCTHIO CBS3aHO C
netuukoM [3]. B. T'. HopomeB [1] oTmeudaeT, yTO BBICIINE KOPKOBBIE
(yHKIME MoO3ra BIUSIOT Ha 0OE30MacHOCTh IOJIETOB B TOpas3ao OouibIieit
CTEIeHH, YeM (DYHKITHH JIFOOBIX IPYrux opraHoB. [IoATBEpKACHUEM ATOMY
CIy)KUT CTaTUCTHKa aBMAKaTacTpod BO BCEM MHpE: W3BECTHO, YTO IIO
IpPUYHHE TOTEPU JAEECIOCOOHOCTH B MOJIETE BCIECACTBHE COMATHUCCKUX
c6oeB (nH(papKTa, UHCYJIbTA WIH TOYSYHON KOJIUKH) MPOUCXOAUT JHUIb 1 %
aBuakatacTpod, B TO BpeMs KaKk IO MpHUYNHE COOCB B IICHXHYECKUX
¢ynkusx mosra cosepmraercst 70 % asmakatactpod. Ilo pacumdpoBkam
3aIiCcel «IePHBIX SAMIUKOBY» OBLIO yCTAaHOBIICHO, YTO TOPA3I0 YaIle BHIXOIBI
3a JONMYCTHMBIE TlapaMeTpbl TOJeTa COBEPIIATM IWJIOTHL, HMEBIIHE
npoOieMbl € TCHXO(QHU3HOJOTHYECKUM COCTOSIHWEM. V3BecTHO, dTO
aJanTalys aBHACIEeINaINcTa K U3MEHSIOMMMCS YCIOBUSM PaOOThI HOCHUT
JUHAMAYECCKHUM XapakTep U OCYLIECTBISIETCS 3a CUET C(HOPMUPOBABIIUXCS
TICUXMYECKHUX MPOIIECCOB, COCTOSTHUM 1 ap. [2].

Metoauka uccjie10BaHus

A Toro 49ToOBI OpraHU3M MJOCTHT JOCTIDKEHHS COCTOSHHS
ONTHMAIBbHOW pabOTOCIIOCOOHOCTH HCIIONIB3YIOTCSl PAa3iIMYHbIE U3BECTHBIE
METONIBI CIIOCOOBI OLIEHKH HEOOXOAMMOTO BpEeMEHH BpalaThIBaHUS
OpraHu3Ma JETUHKa.

OnvH U3 caMbIX W3BECTHBIX SIBISIETCS METOH 3prorpaduu, KOTOPHIi
OCHOBBIBACTCSI HA  PETHCTPAlUMU  aMIUTUTYABl  JABIDKEHHS  CTPOTO
OTPaHWYCHHOTO 3BEHA TeJa 4enmoBeka [4]. AMIUATyga BpabaThIBaHUS BO
BpeMst pabounX NBWM)KCHUH TOBBIIIACTCS MOCTEIICHHO W BCIICICTBUE TOTO
JOCTHTaeTCsl MakcHMallbHOe 3HaueHHWe. Hemoctatkom criocoda siBisieTcs
OIICHKA BPEMCHHU BPa0AThIBAHUS TOJIBKO OTPAHHUYCHHOTO YHMCIIA MBITIICTHBIX
TPy OpraHu3Ma 4eoBeKa.

Jns  oLeHKM BpeMEHH BpabaThIBAaHWS HCHOJB3YETCS METO.X
PErucTpaIy KOKHO-TaJbBaHWYECKON peakuuu. B mepuos BpaGaThIBaHUS
BEIMYMHA KOXXHO-TATHBAHUYECKON pPEaKIWU BHICOKAs, a MO OKOHYAHHU
BpeMeHH BpaOaTbiBaHMsI OHa yMmeHbmraerca [4]. Hemocrtatkom 3TOTO
crocoba SBISETCA CIOXHOCTh PETHCTPAlMK  KOXKHO-TabBAHUYECKOM
peaKIuy U HU3Kasi TOYHOCTh OICHKU BPEMEHH BpaOaThIBAHISL.

WHorpa omeHky BpeMeHH BpadaThIBaHHS [alOT IO pe3yJbTaTaM
perucTpaIy 4acToThl CEpACYHBIX COKpaleHui [2]. Bpems BpaOaThiBaHUS
OIICHUBACTCA 10 MOMEHTY BBIXOJa YacTOThI CEPIEYHBIX COKpAIEHUH Ha
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pabounii ypoBeHns. Hemoctatkom cmocoba SBISETCS TO, YTO, PETUCTPHPYS
PEAKIMI0 YaCTOTHl CEPACYHBIX COKpANICHUH Ha (PU3MUYCCKYI0 HArpy3Ky,
HeNmb3s  ONpeNeNieHHO  CKa3aTb, OTpaXkaeT JH OHa  COCTOSIHHE
UCIIOJTHUTENFHOTO OpraHa — cepjlla WM CBsi3aHa C OCOOEHHOCTSIMH
BEreTaTUBHOM PeryJisiluy CeplleuHo aesrenbHocTH [3].

JJ1a TOCTHKEHUSI ONTHMATBHBIX PE3YJIbTaTOB BaXKHYIO POJIb UTPAcT
YCHEUTHOCTh BBINOJIHEHUS] OIpPENeNEHHBIX (U3NYECKUX Harpy3ok. B
Ipoliecce BBIIIOJIHEHUS HArpy30K, BpeMsl HACTYIUICHUS ONTHMAJIbHOM
paboTOCIIOCOOHOCTH B KaX/IOM KOHKPETHOM CITy4ae JTOJDKHO ONPEAETISTHCS
WHAUBAAYANbHO. s 3TOr0 HEOOXOIWMO BBIIEPXKATh IBa YCIOBHA,
HaxOJSALINXCSA B ECTECTBEHHOM IPOTUBOpednH [4]:

— HY>KHO 00ECIIEYUTh ONTHMAIBHBIN 00beM paOOTHI, IJIs TOCTIIKECHUS
Tpebdyemoro >dekra;

— IPOJOIDKUTEIHHOCTD MPEIBAPUTEIHHON paboTHl HE NOKHA OBITH
HACTOJBKO OONBIION, YTOOBI OKa3bIBaTh OTPUIATEIBHOEC BIMSHUE Ha
YeoBeKa.

B nacrosmee BpeMs CYHUTAETCS, YTO CYHIECTBYET OOJIBIION HAOOP
(PM3NOIOTUYECKUX PEaKIIHA OPTraHN3Ma, B KOTOPBIX OTPAKAIOTCS N3MEHEHUS
ypoBHS (pyHKIMOHAIBHOTO cocTosHUA. [l0aTOMY ImpesaraeTcsi OLeHHBATh
€ro 1o KOMIUIEKCY B3aWMOCBS3aHHBIX (PH3MOJIOTHYECKUX pEeaKIuid, a
W3MEHEHHsS COCTOSHUS paccMaTpuBaTh KaK CMEHY OJHOTO KOMILIEKCa
peakuuit npyrum. Paznenss Takod MoAXo[a K AUArHOCTHUKE, CYUTAEM, YTO B
MPAKTHYECKUX LESIX MPH UCCICAOBAHUU COCTOSHUS YEJIOBEKA B NEPBYIO
ouepes JODKHO YACTIATHCS BHUIMAHNE IEHTPAIEHOM HEPBHOH CHCTEME, TaK
KaK B HEPAPXUUECKON CTPYKType (DYHKIIMOHAIBHBIX CUCTEM OHA 3aHUMACT
rJIaBHOE MecTo [5]. DTo ompenenseTcs 3HaYMMOCThIO (PYHKIIMOHUPOBAHUS
HEHTPaIbHOW HEPBHOHM CHCTEMe IS 4YellOBeKa KaK IIEJIOCTHOH CHUCTEMBI,
BEITIOJTHSIONIEH CBS3YIOIIYI0 (DYHKIIMIO MEXIy OPraHW3MOM W BHEITHEH
cpenoit m obecrnieunBaroIIeii HHTErpalu GyHKIIUH BO BHYTPEHHEH cpele
opranu3Ma. Ilpu 5TOM COCTOSHUM IIGHTpajbHAas HEpBHAs CHUCTEMa
paccMmarpuBaeTcsi Kak (hOH, OIPENEIIIONINA B 3HAYUTEIBHON CTENCHH
MIOBEZICHUE YeNIOBEKA, €T0 BO3MOXKHOCTH M OTPaKAIOUIMH OCOOEHHOCTH
MPOLIECCOB PErYJIUPOBaHUS B HOPME U MATOJNOTUH [S].

Hcxons w3 3TOro cuutaeMm, 4YTO TPH ONPEIENICHHH COCTOSHHS
OopraHm3Ma HEOOXOJMMO B TIEPBYI0  odepelb JHAarHOCTUPOBATH
MIPOUCXOJIAIITNE B IICHTPAJILHOW HEPBHON CHCTEME HEHPO(DU3HOIOTHIECKIEe
u3MeHeHus. C 3TOH IeNpI0 B SKCIEPUMEHTAX, MPOBOJUMBIX B HATYpPHBIX
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YCIOBHSIX, B OCHOBHOM HCHOJNB3YIOTCS MCUXO(PHU3HOIOTUIECKIE METOTUKHY,
XapaKTepU3YIOLIUE TapaMeTPbl COCTOSIHUSI LIEHTPAIbHOM HEPBHOM CUCTEMBI
[5]. Hapsiny ¢ apyriuMu IHPOKO HCIHONB3YEMbIM MCHXO(GH3HOIOTHYSCKIM
napamMeTpoM SIBJIIETCA KPUTHYECKas YacToTa CBETOBBIX MEIbKaHUIA,
00BsICHSIEMasT HATMINEM WHEPIIUMOHHOCTH 3PUTEIBHOTO aHamu3aTtopa. [lpu
BO3JICHCTBUH CBETa Ha TJIa3 BO30Y)KICHHE B COOTBETCTBYIOIIUX IIEHTpAaX
TOJIOBHOTO MO3Ta BO3HHKAET HE Cpa3y, TaK Kak B CETYATKE U HEPBE OJDKCH
COBEPIIUTECS PsI (PU3HKO-XUMHUECKUX IPOIECCOB. MexXay MOMEHTOM
BO3JICHCTBUS CBE€Ta HA CETYaTKy M MOMEHTOM BO3HUKHOBEHUS
COOTBETCTBYIOIIET0 3PUTEIBHOrO OLIYLIEHUs, Kak IMOKa3aHo Ha puc. 1,
CYIIIECTBYET HEKOTOPOE BpeMsl, Ha3bIBAEMOE «BPEMEHEM OIIYIIEeHUs» T1.

T Tz
e

Pucynox 1 — IlapaMeTps! HHEPITMOHHOCTH 3pUTEIBHON CHCTEMBI YeIOBeKa:
a) BpEMEHHAas iarpaMMma CBETOBOTO UMITYJbca; 0) BpeMeHHasl JuarpaMma
3pUTEIBHOIO OLIYIIEHUS] HA CBETOBOM UMITYJIbC

B T0 e Bpemsi 3pUTeNbHbIC OUIYICHHS HE UCUE3a0T OJJHOBPEMEHHO
C MpeKpalIeHUueM pa3ipaxenus. Pasnpaxenue pacxoayeT HEKOTOPYIO OO
CBETOUYBCTBHTEIIFHOTO BEIIECTBA IJ1a3a, Ha BOCCTAHOBJICHHWE YOBUTH
KOTOPOTO TpeOyeTcsi HEKOTOPOe BpeMsi, IPOUCXOAT M OCTAIOIMINECS ITOCTe
pa3apakeHusT BOCCTAHOBUTEIFHBIC IMPOIECCH B 3pUTEIBHBIX NEHTpax. B
pe3ynbTare MeXIy MOMEHTOM NpeKpalleHus pa3JpakeHHs Ha CeT4aTKy W
MOMEHTOM HMCUE3HOBEHHS COOTBETCTBYIOLIETO 3PUTEILHOTO OLIYIIEHHUS, KaK
MOKa3aHO Ha pHC. 1, TakkKe CYIIECTBYeT HEKOTOPOE BpeMsi, Ha3bIBaeMOe
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«BpeMeHeM BoccTaHOBIEHMs» 12 [5]. Takum 0Opa3om, Ipu BO3AEHCTBUH Ha
IJ1a3 MEJBKAOLIEr0 CBETa M3-3a HAIMYMsI BPEMEHHU OLIYIICHUS U BPEMEHU
BOCCTaHOBJIEHUS MPH HEKOTOPOW YacCTOTE MeJbKaHWW BO3HUKAET SIBJICHHE
ux cinusHus. Yacrora MenbkaHui cBeta B cekyHay (I'1), mpu koTopoii
HACTyIMaeT CIMSHUE MEJIbKAaHWW, M HAa3bIBAETCS KPUTHYECKON YacTOTOU
CBETOBBIX MeJIbKaHUi [4].

DTOT METOJT HAaXOIUT MHUPOKOE IPUMEHEHHE B (DU3UOIIOTUH, TaK KaK
BEJIMYMHA XapaKTepPHU3yeT OO0Iee COCTOSHHUS OpPraHW3Ma MpPU Pa3IAIHBIX
ypoBHAX Harpy3ku [9]. [loka3aTens u3MeHseTCs O BIUSHUEM Harpy3KH,
ee o0beMa W MHTEHCHBHOCTH, TIO9TOMY METOJ] HaxOJUT IIUPOKOe
MpPUMCEHEHHE B (DPU3UOJIOTHHU JIJIS UCCIICOBAHUS TUHAMHUKH BpaOaThIBAHYIS,
YTOMJICHUS I OIITUMHU3AIIH.

B HacrosIee BpeMs CUUTAETCS, YTO KPUTHUYECKAsl 4aCTOTa CBETOBBIX
MeJbKaHU! SIBIISIETCS MHOTO()aKTOPHBIM HWHJIUKAaTOPOM
MCUXO(PU3NOIOTHIECKOTO COCTOSIHUS, OTPAKAIOMIETO TEKYIINH ypPOBEHb
aKTHBAallUM LEHTPaJbHOW HEPBHOM CHUCTEMbl. YMEHbBIIEHHE 3HAUYCHUS
KPUTHYECKOW YacTOThl CBHJAETEIbCTBYET O PAa3BUTHH YTOMIICHUS,
MOBBIIIICHUE — O HAJTMYUH BO30YKICHUS WIN CTPEcca, OITOMY aJeKBaTHAsI
OIICHKA M MHTEpIpEeTaIus TpeOyeT yueTa MHOTHX (haKTOpPOB.

W3MeHeHus BETHYUHBI YaCTOTHI B OTBET Ha BHEIIHHE BO3ICHCTBUS, B
TOM 4Hcie Ha (U3WYeCKHe Harpy3kd, Kak TIpaBUJIO, HEBEIMKH IO
a0COJIFOTHOM BETMYMHE M COCTABILIIOT Auara3oH nopsinka 1-3 ' [7]. B o
J)K€ BpEMS SKCIEPUMEHTAJIbHbIE HCCIIEOBAHUS MO ONpPENEICHUIO OLIEHKH
TOYHOCTH M3MEpPEHHUs TOoKa3ajiu, YTO Tepexo]] OT BUAMUMOCTH CBETOBBIX
MeJIbKaHUN K UX CIIMSHHUIO Pa3MbIT U COCTABIISIET 30HY HEONPEIEIICHHOCTH,
B cpeaHeM paBHYo 1 ['m, uro 00yclIOBIHBAaEeT Malyld TOYHOCTH METOHA.
Kpowme Toro, 3HaueHHs y OJHOTO U TOTO K€ UCHBITYEMOTO MPH OBTOPHBIX
TecTax, BHITIOJHEHHBIX 4yepe3 3—5 4JacoB MpU OJHOW M TOM ke Harpyske,
CTaTUCTUYECKH JOCTOBEPHO OTJIMYAIOTCA, YTO CBHUIETEIBCTBYET O
HECTaOMIFHOCTH M MAJIOH BOCIIPOM3BOAMMOCTH PE3YJIbTATOB U3MEPEHUSI.

PesysbTaTsl

B nocnennee BpeMs IpeaioRKeHBI ICUXOPU3NOTIOIMISCKHE METOIBI,
MO3BOJISIIOIINE OMNPEJENIUTh BPEMEHHBIE MapaMeTphl, XapaKTepU3YIOIINe
WHEPIUOHHOCTh 3pEHus: BpeMs omrymeHus [13], BpemMs BOCCTaHOBICHHSA
[11], Bpemst BocmpusTHs 3puTeiabHOU WHpopMaiuu [12], moa KOTOphIM
MOHUMAeTcs BpeMs, HeoOXoauMmoe Uil Imepefadn HUHPOpMaluu B
LEHTPAJIbHYI0 HEPBHYIO CUCTEMY M €€ BOCIIPUSITHS, COCTABJISIOLIEe EPUO
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C MOMEHTa Hayana NpPeABbSBICHUS IIEPBOTO CBETOBOTO HMITYJbca IO
MPEIbSIBICHUS BTOPOTO, KOTJIa OH YK€ HE MOXET IOMEIIAaTh BOCIIPHITHIO
MIEpPBOTO.

[losiBrsicST HOBBIM  CIIOCOO  OIGHKH BpPEMEHH BpabaThIBAaHUS
OpraHu3Ma, OCHOBaHHBIM Ha OMNpEJCIEHUH BPEMEHH ONIYLICHHS,
XapaKTEePU3YIOIIEr0 CKOPOCTh BO30YAUTENBHBIX POIIECCOB B IICHTPATBHOM
HEPBHOM cucreme. Crioco0 HCIIOJIb3YET W3BECTHBII B
NCUXO(QHU3UOIOTUIECKUX HCCICAOBAHUAX METOJA MapHBIX HMIYJIbCOB U
MO3BOJISET TOBBICHTH JIOCTOBEPHOCTh OIICHKH HEOOXOAWMOTO BpPEMEHH
BpabaThIBaHUSA. DTOT PE3yIbTAT JOCTHTACTCS TEM, YTO HCIBITYEMOMY JAf0T
MOCTOSIHHYIO ~Harpy3ky, paBHod 100% JOKHOrO MakCHMAalbHOIO
MOTPeOJICHNU KUCIOPOJa, U MPEIbSBISIOT MOCIEI0BATEIFHOCTh MapHBIX
CBETOBBIX  MMIYJbCOB  JuMTeNnbHOCThIO 200 MC,  pasleneHHbIX
MEKHUMITYyJIBCHBIM HHTEPBAJIOM, paBHBIM 70 MC, HOBTOPSIOIIMXCS 4epes
MOCTOSIHHBIM BpeMEHHOW MHTepBa 1 ¢, Kak MoKa3aHo Ha puc. 2, riae t, —
JUTATEIEHOCTh CBETOBOTO UMIYIBCA; T — UIUTEIEHOCTE MEKUMITYJIHCHOTO
unTepBana; T — JUIUTEeNHHOCTH BPEMEHHOTO MHTEpBaIa TOBTOPEHUSI TAPHBIX
CBETOBBIX UMITYJIbCOB.

i T T
d - .

PucyHok 2 — BpemenHas quarpamma 1ocie/[0BaTeIbHOCTH MapHBIX
CBETOBBIX UMILYJIbCOB

B mpouecce TECTUPOBAHUS HNEPUOANYECKU METOAOM
MOCTIE10BATEIBHOTO MPUOIKEHUS OTIpENIeNI0T MIOPOTOBBII
MEKHUMITYJIbCHBII HHTEPBAJI, IPU KOTOPOM JIBa UMITYJIbCA B ITape CIUBAIOTCA
B OJWMH, M CTPOAT TpauK AWHAMHKHA TIOPOTOBOIO MEXHMITYJIECHOTO
UHTEpBAJIa B KOOPJMHATAX «3HAYEHUE IIOPOrOBOIO MEKUMITYJIBCHOTO
UHTEpBaia — BpeMs TECTUPOBAHUS»; BpeMsl BpabaTblBaHHsl OLEHUBAIOT I10
BPEMEHH BBIXOAa Ipaduika MOPOrOBOrO MEXHMITYJIbCHOTO HMHTEpBala Ha
«ILIaTOM.
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IIpn npenbsBIEHUM HUCIBITYEMOMY IOCIEI0BAaTEIBHOCTH IMapHBIX
CBETOBBIX MMITYJIbCOB JIMTEIBFHOCTHIO t,, Pa3eTICHHBIX MEKHMITYIbCHBIM
HUHTEPBATIOM T > Tnep, Off-crcTema 3puTenbHOro aHammM3aTopa mMocie
OKOHYaHHS TMEepBOr0 WMITYJIbca BO3OYAWTCS W CQOPMHUpPYET CHTHAI,
CBUJETEIbCTBYIOIIUI O €ro OKOHYAaHUM, II03TOMY Y HCIBITYEMOTO
BO3HHMKaeT CyOBEKTUBHOE OINYLIEHUE pa3AelbHOCTH [JBYX CBETOBBIX
HMITYJTCOB.

[lpn yMeHBIIEHUH UINTEIHHOCTH MEXHMITYJIbCHOTO HHTEepBaja T
MEXIYy [JBYMS CBETOBBIMH HMITYyJbCaMH BOCHPHUSTHE 3PUTEIBHBIX
UMITyJbCOB  3aTPyAHSACTCA M3-32 BIUSHUSA OOpaTHOM MAacCKHPOBKH,
3aKJIIOYaroIeiics B yXYALEHWH BOCIPUATHA TIEPBOTO IO BpPEMEHHU
UMITyJIbCa  BCJIEACTBHE  MNPEABABICHHS  BTOPOTO  HMIylbca B
HETIOCPE/ICTBEHHOH MPOCTPaHCTBEHHO-BPEMEHHOW OJM30CTH C TEPBBIM, a
TaKXKe NPAMOM MACKMPOBKH, IIPU KOTOPOH MEPBBIA UMIIYJIbC BIUSET HA
KadecTBO BocmpusATHs Broporo [7]. IlosTroMy mTpu yMeHBIICHUH
JUINTETIBHOCTH MEXHUMITYJIbCHOTO MHTEpBaJa T MEXIY ABYMSI CBETOBBIMHU
MMITYJIbCAMHU [0 3HAUEHUS T = Ty, Off-cricTema 3puTenbHoOro ananusaropa
[0C/Ie OKOHYAaHUS IIepBOTO HMITyJIbca HE YCIEBaeT BO3OYIWTHCS U
chopMHpOBaTh CUTHAJ, CBHICTENBCTBYIOIIMH O €ro OKOHYAaHUH, U Y
UCTIBITYEMOTO BO3HHMKAET OIIyIIEHHE CYOBEKTHBHOTO CIHSHHUS JIBYX
CBETOBBIX UMITYJIbCOB B [Tape B OJUH.

Bo BpeMsi OTBETOB Ha CBETOBbIE CTUMYJbI HOSBIAETCA BHadale
PELEeNTHBHOE 10JIe HelpoHa HeOOJIBIIOTo pa3Mepa. 3aTeM PEerucTpupyemMoe
MoJie pacuIupsieTcs, Iocie dYero ocnabmgercs, (parMeHTHpyeTcs |
ucuesaer. CraTucTHUecKas OIEHKA II0Ka3aja, 4YTO HCYEC3HOBEHHUE
PETUCTpUPYEMOTro NoJe HelipoHa mpuxoautcs Ha nepuoa ot 100 o 200 mc
nocine mosiBaeHUs cBetoBoro crumyina [10]. Ilocne wucue3HoBeHMA
PELENTHBHOTO TIOJII HEWPOHHBIE CTPYKTYPHI IIPHUXOMAT B HCXOTHOE
COCTOSIHME M CTaHOBSTCS TOTOBBIMH K BOCHPHATUIO HOBOTO cTUMy’na [5],
MOATOMY JUIUTEIILHOCTH CBETOBBIX UMITYJILCOB TIpUHSATA paBHOM 200 Mc.

Tak kxak ¢opmupoBaHHE 30HBI BO30YXKICHHS MO 3aKaHIMBACTCS
yepes 60-70 Mc 1ocie mnpeabsABICHHS CBETOBOIO cTuMyna [5],
JUTMTETIbHOCTh MEKHMITYJIbCHOTO MHTepBaja mpuHsaTa pasHoi 70 mc. [Ipu
TaKOW  JUIMTENBHOCTH  MEXHMIIYJICHOTO  HMHTepBaja  off-cucrema
3pHUTENFHOTO aHATM3aTOpa MTOCIe OKOHYAHMUS IIEPBOTO CBETOBOTO HUMITYIIbCA
B0O30yauTcs U chOpPMUpPYET CHTHAll, CBMICTENLCTBYIOLIMH O €ro
MPEKpaIIEHUH.
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[Ipu wMexcTuMmynbHOM uWHTEepBanie, paBHOM 500 wMc, 3QdeKTh
MacKHpOBKH OTCYTCTBYIOT WM ciabo BeIpaxeHsl [7]. Jma ycTpaHeHus
¢ peKTa MACKUPOBKH MEXAY IapaMH CBETOBBIX HMITYIbCOB IApHBIE
CBETOBBIE HMITYJIbCHI ITOBTOPSIOTCSA 4Yepe3 TIOCTOSHHBI BpEMEHHOMH
uHTepBai 1 c.

BrrsiBnenHast nHQOpMAaIHs TO3BOJISIET CAENATh CIIETYIONIHEe BHIBOIBI:

— B HbiHemHee BpeMs Tpy[ NETUMKA CTAHOBUTHCSA OJHUM U3 CaMbIX
TSDKENBIX BHJOB UYEJIOBEYECKOW AEATEIBHOCTH W HEOOXOJMMO IOCTOSHHO
MIPOBOANTH UCCIIEIOBAHUS €T0 MCUXO(U3NOIOTHIECKOTO COCTOSHHUS.

— YCTaHOBJIEHHBIE  IICHXOJIOTHYECKHE OCOOCHHOCTH  JIETYMKOB
ABJISIFOTCS. COCTABIIAIONIEH 3/10pOBbS JIETHOTO COCTaBa U HANPSIMYIO MOTYT
BJIMATH HA KAUECTBO BBIMOJIHEHHS AEATEIbHOCTH.

— IlpennaraeMslit coco0 MO3BOJIAET HOCTOBEPHO OLIEHUTH 3HAUCHUE
BpPEMEHH BpaOaTHIBaHMS OpraHU3Ma 4eJI0BeKa.

— be3 xonmuecTBEeHHOW OIEHKH BpaOaThHIBaHWS MOYKHO B IpoIecce
YIPaBIEHUS «IEPETPY3UTh» OPTraHU3M.
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CUCTEMA PEABUWINTAIIUU NALHUEHTOB C
NPUMEHEHHEM BHOJIOTMYECKOMN OBPATHOM CBSI3N
Xauamypsn J].A.

ToMckuil NOMUTEXHUYECKUI YHUBEPCUTET
e-mail: david.khachaturyan@yahoo.com

Annortanus. Paspaborana nuHammdeckas BHpTyalbHas cpela c
BO3MOXKHOCTBIO TIPOBEICHUSI TECTOB ISl OIEHKH BIUSHUS 3PUTEIHLHOTO
aHaJIM3aTopa Ha MOCTYPAIbHYIO (DYHKIIHIO.

Pazpaborana cucrema, uHTerpupylomas B ce0e BHpTyalbHOE
OKpYKCHHUE MalueHTa 1 0e3MapKepHbIN 3aXBaT JIBHKCHHUSL.

Pazpaborana Guonornyeckast oopaTHasi CBA3b JJIs MOJTyUYSHUE JaHHBIX
JUISL BOCCTaHOBJICHHE JABHUIATENIbHBIX aKTUBHOCTEH YellOBEKa.

PazpaboTana wmeTommMka OICHKH (PYHKIIMOHAIGHOTO COCTOSHHS
BEeCTHOYISIPHOTO  ammapara, TIPOBEACHO  HWCCICIOBAaHHWE  BIMSHUS
BUPTYaJBHOU CPEIbl HA PABHOBECHE YEIOBEKA

KimroueBble cii0Ba: OlleHKA JBWKEHUH, BUPTyajdbHas PEaIbHOCTD,
BECTUOYJISIPHBIA  ammapar, CTa0WIOMeTpHusi, IOCTypalibHBIE  TECTBHI,
Ouomnorndeckas oOpaTHas CBA3b

SYSTEM FOR REHABILITATION OF PATIENTS BIOFEEDBACK
Khachaturian D.A.
Tomsk Polytechnic University
e-mail: david.khachaturyan@yahoo.com

Annotation. There is developed a dynamic virtual environment with
the possibility of carrying out tests to assess the impact of the visual analyzer
on the postural function. A system is developed that integrates the virtual
surroundings of the patient and marker-less motion capture. There is
developed a method of functional assessment of vestibular system, studies
were made on the influence of virtual environment on human balance. [1]

33



MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

Keywords: motion estimation, virtual reality, the vestibular apparatus,
stabilometry, postural tests, biofeedback

Hens paboter: PazpaboTka BUPTYaNbHON Cpellbl, HHTETPUPOBAHHOM C
Oe3MapKepHOW  CHCTEMOW  BHJeO3axBaTa JBIDKCHHWIl, IpOBEJCHUE
HEBPOJIOTHYECKUX TECTOB B YCIIOBHSAX BHPTYaJbHOW PEaIbHOCTH, M OLIEHKA
KayecTBa JBIDKCHUS C HCIIOJIB30BAaHHEM METOJa pacdeTa HMHTErPAIbHOTO
KpUTEPHSL.

Beenenue.

B HacTosmee Bpems cymiecTByeT MpoOiieMa CO3laHHs HEIO0pOroro,
3¢ (GEKTUBHOTO U YIOOHOTO B HCIIOJIE30BAHUH OOOPYIOBAaHUS JUIS OIEHKH
KayecTBa IBH)KCHHUS 4YeNIOBEKa C CHCTEMOW OHOJIOrM4Yeckod oOpaTHOM
cBs3pi0 (BOC). Kommmiekcsl 6uonormueckorr oopatroit csazu (BOC) — 3to
MpOrpaMMHO—aNIapaTHbIC KOMITIEKCHI, COCTOSIITHE M3 MPUOOpa, KOMIUIEKTa
MATYUKOB M TIPOTPAMMBI CIY)XaT Ui aJalTUBHOIO OHOYIpaBiICHHUS Ha
OCHOBE OMoOsOrMYeckoi oOpaTHOW CBs3H. [lOCKOIBKY B YIIpaBJICHUU
JBIDKCHUSIMU IIpUHUMAOT ydactue MHorue otnaensl ITHC, pesynbrarsl
aHaJ3a HapyIIeHUH KOOPIMHAINH BI)KEHUH MOTYT OBITH MCIOIb30BaHbI
B LeNAX JUArHOCTHKU. llaTojormyeckne COCTOSHHS MOTYT IIPOSBIATHCS
HapyUIEHUSIMA YCTOMYMBOCTH NpU CTOSHUM W XoJb0e, acHuMMeTpHei
JIBIDKEHHUH TIPABOH U JIEBOW CTOPOHBI, HAPYIIEHUSIMUA TOYHOCTH JIBHKEHUH,
CHIDKGHHEM CHJIBI M YMCHBIICHHEM  CKOpPOCTH.  Peructparms
MPOCTPAHCTBEHHBIX W BPEMEHHBIX XapaKTEPUCTHK IBIDKCHUH, a Takxke
Ononoruyecknii OOpaTHBI OTBET HAPYIICHWH W TATOJOTWH, Jdaer
BO3MOXXHOCTh OIEHHUTH CTETEeHb JBHUTATENBHBIX PACCTPOMCTB, NpPH
pa3IMYHBIX 3a00JIEBaHUAX, X0/ BOCCTAHOBIICHHUS JIBUTATEIBHBIX (DYyHKIUH,
MPEATIOKUTH (P PEKTUBHBIE METO/IBI ABUTATEIFHON peaduiuranuu. [2]

BOC-nponientyps! peanu3yroTcst 1Mo MPHUHIHIY «(HHU3HOJIOTHIECKOTOo
3epKana», Ojaromapss KOTOPOMY HAIMEHT IIOMy4aeT BO3MOXHOCTh B
OyKBaJbHOM CMBICIIC BUAETh U CIBIIIATH TOHYANUIINE HIOAHCHl U3MEHECHHUS
CBOETO COCTOSIHUSL.

[Ipn6opsr 3¢ deKTHBHBI AT HEMETUKAMEHTO3HOTO BOCCTAHOBIICHHS
HapyUIEHHBIX (QYHKIUH, YIydIIeHHs HEPBHOM PETYIALUH MPU Pa3INIHBIX
3a0oneBaHMsX, (HOOHSX, MATOJIOTHUECKUX 3aBHCUMOCTSX M MPUCTPACTHSIX,
JUTS. KOPPEKIUU TICUXO()U3HOIOTHIECKOTO COCTOSHUS Y CIIOPTCMEHOB, JIUI]
HanpsDKEHHBIX M OTBETCTBEHHBIX Mpodeccuil, a Takxke I MPeoIoICHHS
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CHHJpOMa FMNePaKTUBHOCTH U Ae(UIMTa BHUMaHUA Y AeTeil ¥ TOAPOCTKOB.
(3]

PazpaboTanHass BUpTyalbHas TpeXMepHass 3pHTENbHas cpexaa
Ipe/CTaBIseT co0OH KOMHATy, Oo(OpMIICHHYIO B HEHTpPabHOM YepHOM
L[BETE C IPKUMHU OPAH)KEBBIMU JIMHUSIMU U TPAHULIAMHU [TEPEX0/ia IOI-CTEHbI-
MOTOJIOK.

Pucynox 1 — IIpoBeneHue UCCIEI0OBAHNS BIUSHUS BUPTYaIbHOM
peabHOCTH Ha (DYHKIUIO ITOJIEPKAHNS PABHOBECHS YEIOBEKA M BHELITHHIA
BHUJI BUPTYAIILHOM CPeJIbl, BUAE03aXBaT UCIILITYEMOI0, HAKIIOH KOMHATHI
BJIeBO Ha 30°

Kommnexke BOC mnpenHazHaueH J[uisi IPOBENEHHUS — ceaHca
OuoynpasiieHHs, TCUXO-()U3NOJIOTUYECKONW JHAarHOCTHKH M Pa3IMdHOro
poJia TPEHUHTIOB.

Broynpasnenne npeacTaBiser co0OH KOMIUIEKC NPOLERyp, INPH
MIPOBEJCHNH KOTOPBIX YENIOBEKY, IOCPEACTBOM CIIEIIHATBHBIX TEXHUUECKHX
yCTpo#CTB (1lenu BHeIIHed oOpaTHOW cBs3u, nmpubdopa bOC), mepenaercs
uHpOpMaKsA O COCTOSHUM TOH WM WHOH (PyHKIHMH €ro coOCTBEHHOTO
opramm3Ma. Ha ocHOBe moONydeHHOW WHGOPMAIMK C IOMOIIBIO
CHeIHaTbHBIX TPUEMOB (3ByKa, CBETa, UTPbI, BUIEO | T.1.) u armmapaTta bOC
YeJIOBEK  Ppa3BUBAET HABBIKM  CAMOPEryJALUH, T.€. CIOCOOHOCTbH
MIPOM3BOJIHO U3MEHATH (PU3HOJIOTHYECKHE QYHKIMU OpraHnu3Ma. [4]
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Kommiexke BOC coBmectumo ¢ Oculus Rift 1 cucremoi Bunezaxsara
Microsoft Kinect mo3sossier olleHUBATh IBHXKEHHS HCIBITYEMOTO, & TAKXKE
MOJy4aThCs JAaHHBIE O HAPYIICHHUSX, KaK ICHUXOJIOTHYECKOro, TaK U
(U3NIECKOTO MOPSIKA.

Croon g Tyamind
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ras l 18 l
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Mporpasasions pacoTEs
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B Viver

t T BVH gafin -

obecnevennre
PucyHok 2 — AnTopuTM 0€3MapKepHOTo 3aXBaTa JIBHXKCHUN

Pa3paboTan crieHapuii mccieoBaHUsT BECTHOYIISPHOTO ammapara ¢
UCIIONIb30BAHUEM  BUPTYaJIbHOM  peanbHOCTH. s wmcciieoBaHuUs
BO3MOXKHOCTEH  MpPEJIOKEHHOW  METOIUKH  OBUIH MIPOBE/ICHBI
KOJIMYCCTBEHHBIC OIICHKA BEKTOPOB BIDKEHHS TPH BBIMOJHECHUH MPOOBI
PombGepra, a Taxke, n3aMeHeHHe (PH3MOJOTHYECKUX IMOKazareneit — D0T,
UCC, KI'P, ODMI, npixanue, TeMIeparypy, KpOBOOOpaIllecHHE MW psjaa
JPYTHX.

JlaHHbIC O IBWKEHUHM TOYEK Tela PETHCTPUPOBANNCH C MTOMOIIKIO
TEXHOJIOTUH Oe3MapKepHOTo 3aXBaTa JIBIKCHHN.
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PucyHok 3 — Anroput™ OMOJIOTrHYeCcKOl 00paTHOM CBSA3M BO BpeMs
MCCIIeIOBaHMS BECTHOYIISIPHOTO armnapara

DTa  TEXHOJOTWS  TMO3BOJSET  PETUCTPUPOBATh  TpPEXMEpHBIE
KOOpAMHATHI MoJjioxkeHuss 20 CTaHIApTHBIX TOYEK Ha TeJe IalueHTa C
4acToTOH 15 0TcueToB B cekyHay. bruio o6cnenoBano 12 mo6poBosbIieB O3
HapylieHusl QyHKIMH paBHOBecHs. McciaenoBanne Kaxa0ro UCTIBITYEMOTO
BKJIIOYAJIO B €051 HECKOJILKO JTAIOB.

Otan 6e3 OYKOB: OTKPHITHIC T1a3a, 3aKPHITHIC TI1a3a.

Oran B OYKaxX BHUPTYaTbHOH pPEaTbHOCTU: OTCICIKUBAHUE METKU
B3rJ1s1710M BeBO Ha 90° 3a 10 c., oTcnexxuBaHKe METKU B3IJIS,I0M BIIPaBO Ha
90° 3a 10 c., oTCle)UBaHUE METKU B3TJLLIOM BBepx Ha 1.75 m. 3a 10 c.,
OTCJIEKMBAHUE METKU B3rJIA10M BHU3 Ha 1.75 M. 3a 10 c.,

HaKkJIOH KOMHaThl Brieped Ha 30°, HakioH KoMmMHaThl Hazan Ha 30°,
HaKJIOH KOMHATHI BJieBO Ha 30°, HAaKJIOH KOMHATHI BIpaBo Ha 30°.

A Taxke TMHAMHWYECKHE IBMKECHHS: IIard Ha MecTe, Oer Ha MecTe,
NOBOPOT Tena Ha 90° BIIpaBo U BIEBO, IPOKOT BBEpX Ha 10 cMm.

OreHKa TPaeKTOPHHA TEpeMENICHHsT TOYEK Tela MPOBOAMIACH TPH
MTOMOIITY METOJIa UHTErPajbHBIX OIEHOK. [2]

Anroput™ 00pabOTKH JaHHBIX

HUcxogHpIMM  JaHHBIMM  JJIS  BBIYKCIEHHS OLIEHKH  SBIISIOTCS
TPaCKTOPUHU JIBIKCHHUS OINpPEACNICHHBIX TOYEK Tella W/WIM IIeHTpa Macc.
TpaekTopuu TOUEK Tella MOTYT.

U3 TpaekTopuM IBWKEHUS BBIOPAaHHOW TOYKH TeNa BBIIEISIOT
(parMeHT curHana TpeOyeMol MPOTOIDKATEIEHOCTH U COXPAHSIOT €ro B
BHUJIC TaOJIMIIBI, K&XIas CTPOKa KOTOPOH UMEET CTPYKTYPY (t, X,y z), rae ti—
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MOMEHT BpEMEHH perucTpanuud koopawHat (0<ti<0). B ciuy4ae
HCTIOJIH30BAHUS JAaHHBIX CTAOMIOMETPUH KOOPINHATA IPHHUMACTCS PaBHOU
HYJIIO.

Bpemennoit wuHTepBan T pas3buBaeTcs Ha K MPOMEKYTKOB
JUTHTETBHOCTHI0 AT. B Ka)XIoM U3 MPOMEKYTKOB PACCUUTHIBACTCS CPEIHEES
3HAYCHUE KOOPUHATHI (TaNbHEHIe GOpMyITbl TPUBECHEI Ha TIPUMEpE X
KOOPJUHATHI, JJIs Y ¥ Z KOOPJMHAT BCE BHIYUCIICHUS aHAJIOTHYHBI):

Xj:i Z Xi’ j:ﬁi (1)

N ()M, joaT]
re Nj — KOJMYEeCTBO N3MEPEHHI 3HAUCHNH KOOPAWHATHI B HHTEPBAJIe
[(j=DIAT, jEAT].
IMony4yeHHble 3HAUCHUS X, 0TOOpaXKAIOTCS HA €MHIYHBIN HHTEPBAT

[0, 1]:

¢ - fmin o 37, THE ¥l Y. =—maxdxl (2
Xj,norm_Tl j—l,k’ R X :ﬂg{xj}’ Xinax m?%({XJ} ( )
X =X j=l =1,

¥ pPaCCMATPUBAIOTCS KAK KOOP/MHATBL BEKTOPA X ., UCIIOJIb3YeMOro
JUTSL KOJIMYECTBEHHON OIEHKH Pa3IMYUi B JBIDKEHUH UCTIBITYEMOTO.

OneHka TPOW3BOIUTCSA IO OTHOIICHHWIO K MAalWeHTaM 3aJaHHOU
peepeHTHOI IpyIIbl, ONMCHIBACMON MaTPHLCH Pa3MEPHOCTH N, xk » TAC
No — oObemM pedepeHTHOH TpymIbl, a 3JIEMEHTHl CTPOK MpEACTaBIICHBI
KOOP/IMHATAMHM ~ BEKTOPOB X,  NALMEHTOB (] =1, 1,N,): KOTOpbIE
OTIPEIEeNIIOTCS aHAIOTMYHBIM 00pa3oM. Pacuer mpousBoanTces o hopmyire,
OCHOBaHHOI Ha BBIYUCIICHUH paCCTOf{HHs{ Maxananobuca:

Id()'; 2|( NO;( norm XI)C (Xnorm XI) ! (3)

rze |, (X) — MHTErpaibHas OLCHKA BEANIHHbI OTKIOHCHNH IBHKEHNAS
M0 CpaBHEHHIO C pedepeHTHON Tpynmoir, C — Marpuia KoBapualuu
MPU3HAKOB, XapakTepH3YIOIIUX pedepeHTHOe cocTosiHue. [letanbHoe
OIKCaHKE ANTOPUTMA PACYETOB MPHUBEACHO B padorTe.

Jus pacuera |, paspaborana KOMIIbIOTEPHAs IPOrPAMMa, BXOHBIMH

JIAHHBIMU Il KOTOPOM SIBISIFOTCS (paiiiibl, coliepiKaline HOPMHUPOBAHHBIC
3HAYEHHs KOOPIUHAT pe(pEepeHTHOrO0 M OICHUBAEMOIO COCTOSHHS,
BerurciaeHHsie mo (gopmyne (1). XKemarenapHo 06ecreunTh MHHHMAIBHO
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BO3MOXXHO€ 3HAUEHHE BHYTPUIPYNIIOBOM JUCHEPCUH, IIOCKOJIBKY OHa
HAIPSIMYIO BIMACT Ha a0CONIOTHYIO BEINYKHY | .

B psine cirydaeB (CyiiecTBEHHAss HEOAHOPOIHOCTh IPYIIIIBI M OOJIbIIIast
MEXUHAUBUyaJIbHAS BapHa0eIBLHOCTB) MOKET nmoTpeOoBaThCs
(hopMupoBaHHE HECKONBKHX pEPEPEeHTHBIX TPYII U, COOTBETCTBEHHO,
BBIYHCIICHHE HCCKONBKAX BEIMYMH | 10 OTHOLICHHIO K KaXIOH

pedepentHoit rpymme. s yMEHbIICHHS BIHUSHUS AAHHOTO (pakTOpa Ha
OIICHKY COCTOSIHMSI B MpejJlaraeMoid METOJUKE HCIOIb30BaH MOAXO,
OCHOBAaHHBII Ha CTaTUCTUUYECKOM MOJEIUPOBAHUHU JaHHBIX, PE3YyJbTaThl
KOTOPOTO TMO3BOJIAIOT, C OJHOW CTOPOHBI, YHCJIEHHO OLIEHUBAThH
CTaTUCTUUYECKHUE CBOMCTBA KPUTEPHUS, a C APYIOH — IO3BOJISAIOT ONPENEIUTD
YCIIOBHSI, HaKJIaJbIBaeMble Ha 00BEMBbI IEPBUYHBIX JTaHHBIX, HEOOXOUMBbIE
JUIsl TIOJIyY€HUS YCTOMUYMBBIX OLIEHOK. BBIYMCIIEHHBIA NOKa3aTellb UMEET
NPOCTYK0 MHTCPIPETALHIO: YeM OOMbIIe | , TeM CHIBHEC OTINYAIOTCS

napaMeTpsl JIBHKEHHUS BBIOPAHHBIX TOYEK 00CIeqyeMOro oT pedepeHTHOM
TPYTIIBL.

PesynbraTh! HccaenoBaHus.

[Ipn Bemonnennn Tecta PomOepra ¢ OTKPHITEIMU TJIa3aMH, B 000MX
CiTydasix HabJIr01alioch BO3/ICHCTBIE Ha 3pUTENBHBIN aHam3aTop. B mepsom
citydae 9To Oblila BUPTyasbHas 3puTelIbHas Cpe/ia, a BO BTOPOM — peajbHas
komHaTa. [1o cpaBHEHHMIO C 3TAlOM TECTHPOBAHUSA C 3aKPBITHIMHU TJIa3aMHU
pe3yibTaThl  ATUX HCCIEAOBAHMI TOKa3ald MeHbIIee OTKIOHEHHE
UHTETPaJbHOTO KpUTEepHUs. Pe3ynpTaThl HCCIEAOBAHUS PUMEHEHHS
HEBPOJIOTUYECKUX (DYHKIIMOHATBHBIX MNpo0 C 3aKpBITBIMU TJa3aMd C
WCTIONIb30BAHNEM BUPTYAIBHONH PEANFHOCTH y TPYIIIBI 3JI0POBBIX JIIOAEH
MOKa3alld, 9TO KOJIeOaHWs B TOYKE, COOTBETCTBYIOMICH IEHTPY B mepBoii
kononke R1-R9 — pedepentnas rpymma, P1-P9 — rpynma mammenToB c
HEBPOJIOTMYEeCKUM HapylleHHsIMHU. CpeaHsis CKOpOCTh IPE/ICTABIICHA B BUJIE
MeIuaHbl W KBapTWIEH, MOCKOJIBKY O3TOT IIapaMeTp HEe IIOIMYHHSIETCS
HOPMAJILHOMY pacIpeleNieHu0. Pe3ynpTaThl UCCIeI0BaHU TPUBEACHHI B
tabnuie. HecMoTpss Ha TO, YTO BCE MAlMEHTHI MMENH OTPHUIIATENbHBIH
pe3ynbTar 1o Tecty Pombepra, Tpoe U3 HUX MOJTYYHIIN MTOKa3aTeIu Mo mini
BEST test ot 11 no 15. Ho, Tem He MeHee, pa3HULAa MEXY IBYMs TpyIIaMU
(3MOpOBBIMM ¥ JTFOABMH C OTKJIOHCHHSAMH) OKa3anach CTaTUCTHYECKH
He3zHauuTenbHOU. Cpennue 3HaueHust ckopoctd U EFQ B nByx rpymmax
TaKKe OKa3aJiCh MPAKTHYECKH OIMHAKOBBIMH, B TO BpeMsl KaK 3HAYECHUS
WHTETpanbHOTO Koddduimenta Id Bapbupyercs MeEXAy TpPYIMIIaMH.
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Haubosee BaxHO, 4TO BCE 3TU MapaMeTphl He KOPPETUPYIOT MEXKAY COOOU
[1].

JlaHHbIC O IBIKEHUHM TOYEK Tela PETHCTPUPOBANNCH C MTOMOIIBIO
TEXHOJIOTUW 3axBaTa JBW)KCHHH C  HCIOJb30BAHHUEM  CBOOOIHOTO
MPOrPaMMHOT0 00ECIIEYCHUsS. ITa TEXHOJIOTHS TO3BOJISIET PETUCTPUPOBATH
TpeXMEpHBIE KOOPAWHATH TONOKEeHUs 20 CTaHAApTHBIX TOYEK HA Teie
MalKeHTa: ¢ 4acToToi 15 oTcueToB B cekyHay. Y KaXKJI0TO U3 HUX B TE€UCHUE
10c. ObuUIM W3MEpEeHBI TPEXMEPHBIE KOOPAMHATHI JIBHKCHHUS TOYKU Tela
YeJI0BeKa, COOTBETCTBYIOINE IIeHTPy Macc (Bcero 150 3HaueHwit). Bexrop
COCTOSIHHS PacCUUTHIBACS st ATc.

[lpuBeneHHbIE HIKE KOJIMYCCTBEHHBIC OICHKA WHTETPATBHOM
BEJIMYUHBI OTKJIOHCHHH paccuuTaHbl o Gopmyie (3).

Taomuua 1. [TokazaHus UCCIEI0BAHUA.

miniBEST Cpeuss cropocts WurerpanbHbiii
HcnpiTyembre MepeMeIIeHus II.T., o
test scores o/ Kkpurepuii 1d
sec
R1 27 0,103 [0,056-0,159] | 1,63
R2 28 0,015 [0,008-0,021] | 1,37
R3 28 0,057 [0,033-0,096] | 1,21
R4 28 0,013 [0,008-0,021] | 1,15
R5 27 0,034 [0,019-0,063] | 1,30
R6 28 0,021 [0,010-0,032] | 1,35
R7 27 0,040 [0,021-0,082] | 1,37
R8 27 0,057 [0,028-0,100] | 1,46
R9 27 0,058 [0,030-0,103] | 1,66
P1 13 0,083 [0,039-0,164] | 6,97
P2 11 0,015 [0,010-0,022] | 7,52
P3 28 0,015 [0,010-0,022] | 3,07
P4 28 0,024 [0,014-0,058] | 9,72
P5 15 0,040 [0,020-0,060] | 2,33
P6 28 0,022 [0,012-0,041] | 5,23
P7 26 0,030 [0,021-0,046] | 2,92
P8 28 0,012 [0,008-0,020] | 2,65
P9 28 0,020 [0,011-0,032] | 3,46
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Ilo mnomyuyeHHBIM pe3ynbTaTaM BUAHO, YTO HHTErPaJIbHBIN
K03()(hUIMEHT y Joell C HEBPOJOTHYECKUMH OTKIOHEHHSAMH OTIIMYAeTCs
0T K03 GHUIMEeHTA 3M0POBBIX JIOJIEH, 3TO MOXKHO YBHIETH Ha PUCYHKE 4.

Tak ke wucnonb3yeMbll KpuTepuil MaHHA-YUTHH, KOTOPBIH
CPaBHMBAET HECKOJBKO 3HAYCHUN U 0TOOPaKAET, BBISBISACT, €CTh JIU MEXKIY
HUMM paznuuus uian HeT. Ecnu nansbil kpurepuit Mensiie yem 0.05, To
CpaBHHMBaeMble 3HaueHHs pasnuyarorcs. [5] Mcxoms w3 3TuUX AaHHBIX,
MOJKHO CKa3aTh, 4YTO KHMHEKT MOXET OTJIMYaTh 3I0POBBIX JIOIAEH OT
OOJIBHBIX.

Ha pucyHnke npuseneH npuMep CTaTOKUHE3UTPAMMBI LIEHTPA Macc B
wiockoctr XY juist ucnbiryeMbix P u R. BUIHO, 9TO TpaeKTOpUH ABMKEHUSI
B 3HAYMUTENBHOM CTENEHM XaOTHYHBI M CIeNaTh 0OOCHOBAaHHBIN BBIBOJ O
HEBPOJIOTMYECKUX  HApyIIEHUSIX  HAa  MOJJAEpKaHHE  PaBHOBECHSA
3aTPYAHUTENBHO.

OtmeTum, uto 3HaueHuss KOP BeayT cebs pazHoHampaBieHO, TOT/Ia
KaK paccuMTaHHas BEJIMYMHA UHTEIPAIBbHOM OLUEHKH HW3MeEHseTcs
3aKOHOMEPHO M BO3PacTaeT B COOTBETCTBHUM C HEBPOJIOIMYECKUMHU
HapPYILICHUSIMHU.
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Hoocexkyusn 1.1 Hugpopmayuonno-ncuxonozuueckan
0e3onacnocmo uenoseka

POJIb ICUXOTEXHUK B CAMOPEI'YJIAIINN
®YHKIMOHAJBHBIX COCTOSSHUI YEJTOBEKA
boecamosa A.H., boeamos H .M., [lonuxparnuou A.K.,
Cnacckas E.B., Cyxux C.A.

Ky6aHckuii rocyjapcTBEHHBIH YHUBEPCUTET
e-mail: bogatov@phys.kubsu.ru

AnHoranus. llenbp cTatbm — u3ydyeHHE PONM ICUXOTEXHHUK B
caMOperyJsuu  (PYHKIIMOHAJIBHBIX  COCTOSHHUI  4eloBeKa. 3ajayeit
HCCIICZIOBAHUS SIBIISIETCSI OMpeesieHHe OO0BEKTUBHO-OPHEHTUPOBAHHBIMU
METOaMH W3MEHEHHs (DYHKIMOHAIBHOTO W TCHXO3MOIMOHAIEHOTO
COCTOSIHHS 4EJIOBEKA B PE3YJIbTATE METOJUYECKU OPTaHU30BAHHBIX CEAHCOB
camoperymsaun. [lokazaHo, 9To HCIIOTB30BAHHAS TEXHUKA CAMOPETYIISIIHN
CHIDKAeT HanpsDKeHNe (PYHKIIMOHAIBHBIX CHCTEM OpraHU3Ma.

Kirouessie CJIOBa: NICUXO(U3UOIIOT U, CaMOperyJIsILus,
(YHKIHOHAJIBHBIE CUCTEMBI.

THE ROLE OF SELF-REGULATION PSYCHOTECHNICS IN THE
FUNCTIONAL STATE OF HUMAN
Bogatova A.N., Bogatov N.M., Polihranidi A.K.,
Spasskaya E.V., Sukhih S.A.
Kuban State University
e-mail: bogatov@phys.kubsu.ru

Abstract. The purpose of the article — the study of the role of self-
regulation in the psycho-functional states of humans. The aim of the study is
to determine the objective-oriented methods of changes in the functional and
psycho-emotional state of a person as a result of methodical organized
sessions of self-regulation. It is shown that used of self-regulation technique
reduces the voltage functional systems.
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XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

UenoBeK B COBPEMEHHBIX YCJIOBHSIX HCHBITHIBAET arpecCHBHOE
BO3/ICHCTBUE BHEIIHEH CpENbI, KOTOPOE CKIAABIBACTCS W3 TEXHOTEHHOTO
(3MEKTPOMATHUTHBIA CMOT), SKOJIIOTHYECKOTO (3arpsi3HeHue Omochepsr),
BO3pacTaHuss WHGOPMAIIMOHHOW HArpy3KH TPH ajanTallid dYejoBeKa B
JMUHAMHAYHBIX YCIIOBHSIX PHIHOYHOM 3KOHOMHUKH. Bee 3To BeneT k O0JbIM
3arparaM OHOIHEPTETUYCCKHX PECYPCOB UECIOBEKA JUISI COXPAHEHHUS €ro
(hyHKIIMOHAIBHBIX CITIOCOOHOCTEH B COIMANBHOMN Cpee.

Jiis  OpOTHBOCTOSHUS ~ HETaTUBHOMY  BO3ICHCTBHUIO  CpeIbl
HeoOXoarMa OWONIOTHYECKass W MCUXWYecKas SHEprHsi, 00ecreunBaronas
aJanTaloHHbIE TIPOIECCH YelioBeKa. Hapsiy ¢ sHeprosaTpaTtamMu Ha 3TO
BHEITHEE MaBIICHWE CYMECTBYIOT W BHYTPCHHHE NPHUYHHBI pacxona
JHepreTuky yenoBeka. Croma clieyeT OTHECTH OTCYTCTBHE KOTEPEHTHOCTH
MCUXUKA CYOBEKTa KOMMYHHUKAIIMM W HapyIICHHE ayTCHTHYHOCTH B
peanu3aniy ICUXO0JIOTHYECKON CAMOCTH B YCIOBHUAX PHIHOYHOMN Cpelbl. DTH
BHEIIHWE W BHYTPEHHHE (DAaKTOPBl CIOCOOCTBYIOT BO3HHUKHOBEHHUIO
XPOHUYECKON YCTaJOCTH WU B JaJbHEUIIEM XPOHMYECKOI'O CTpecca Kak
TJIaBOH YTPO3HI JKU3HU YEIOBEKA.

UenmoBek MPEACTAaBISICT COOOW TOUKY IIEPECEUCHHE Pa3THIHBIX
UIIOCTACeH, €ro OPraHU3YIOIIUX: OpraHu3M (OMOJIOTHYECKash HIOCTAach);
ncuxuka (TICHXWYEcKas WIIOCTAach); TOBEACHHE B TPyIIe (CoMaIbHAS
UIIOCTach); JAyX, KaK dYacTb DHEPrOMH(OOPMAIMOHHOH CTPYKTYPHI
BcesleHHOW. OCHOBY 3THX HUIIOCTACEH COCTABIISAIOT SHEPTONH(POPMALIOHHEIE
MIPOIIECCHl, B 3aJady KOTOPBIX BXOAUT OOECIECUCHHE UX CYIICCTBOBAHHUS.
BuoxuMudeckne mporecchl 00ECTEUYMBAIOT OpraHW3M OHOJIOTHIECKOM
sHepruei. Ilcuxmdeckme mporeccsl HHTETPUPYIOT B cebs  Kak
OHMOJIOTMYECKYIO, TaK U DHEPTHIO COIMATBHONH M KOCMHYECKOW IPUPOJIBL.
OTu mporecchl JUOO KOHCONUAMPYIOT SHEPTHI0 JAHHBIX HCTOYHHKOB,
obecrnieunBasi KOHCTPYKTUBHOE (DPYHKITMOHUPOBAHHE YENIOBEKa, MO0 MpH
HapyIIEHNH HX KOTEPEHTHOCTH IPOUCXOAMUT YTpaTa SHEPreTHUYECKOrO
MOTEHIMajla YeJIOBEKA, YTO CKa3bIBAETCSl HAa IJIOZOTBOPHOCTH OBITHSL.
Hapymienne 1emOCTHOCTH UUPKYJISAIAWA DSHEPTHH JIS)KUT B OCHOBE
nedopManuy  BCeX MPOIECCOB PasNUUYHBIX ypoBHeH. MccrmemoBaHwme
OOBEKTHUBHBIME METOJAMH PEaKIuii ()yHKIIMOHATBHBIX CUCTEM OpTaHHM3Ma
Ha CTPECCHPYIONINE W SMOIMOHATBHBIC BO3ICHCTBHS SBIISICTCS aKTyaIbHOU
Hay4Ho# 3anaueii [1 — 3].

[lcuxodu3noaoruyeckiue MPOLUECCH MPOTEKAIOT OecCO3HATENbHO.
IIpu 3TOM OpraHu3M caM MOAJCPKHUBAET CUMMETPHYHO-aCUMMETPUYHBIC
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OTHOILEHHUSI TOMEOCTAaTHYECKUX IOACUCTEM B opraHmsme. UYeraoBek Ha
ypoBHE cy0beKTa 00J1a1aeT CIIOCOOHOCTHIO OCO3HABATD M PETyIUPOBATh ATH
SHJIOTCHHBIE IIPOLECCHl B Clydae cOOEB WM HAPYIICHWH paclpeieieHUsI
SHEPTUM B OpraHu3Me. AKTHBHOCTh CyObEKTa TIpH 3TOM HMEeT
co3epuaTtenbHyl0 (QOpMy peaidM3aluH, ©0e3 KOTOpOi HEBO3MOXHO
yCTaHOBJIEHHE 0OpaTHOM CBS3H C IUPKYJISANMEH SHEPTUU B €r0 OpraHU3Me.
PetnexcuBHOCTE CO3HAHMS CyOBEKTa MO3BOJISIET BHICTPAWBAThH LIEJIOCTHOE
NPEICTaBICHHE O  BO3MOXKHOCTAX  BO3ICUCTBUSI  CO3HAHUS  Ha
SHEepronHGOPMAIMOHHBINH 0OMEH B OPraHU3MeE YeJIOBEKa.

KomMmyHMKamms B OSHAOTEHHOW Cpefe HOCHT —CIeIH()UIECKUH
xapakrep. CyOBEKT KOHIICHTPHUPYET BHUMAaHHE Ha OIMpPEICIICHHBIX 30HAX
Tella C WX MPOCIYNIMBaHWEM M ITOJyYeHHEM OTBETa B BHJE CHTHAJIOB B
oOpasHoii ¢opme. MH(popManroHHOE BO3JEHCTBHE OCYIIECTBISETCS Ha
OpraH WM YHEPTreTHYECKUI IICHTP C IEeNbI0 U3MEHEHHs ero MOTEHIIHaja.
DTo mpeanonaraeT OOJIBIIYI0 OCO3HAHHOCTh MPOUCXOAAIIUX COOBITHIMA, KaK
BO BHYTPEHHEM, TaK U BHEIIIHEM MHpPAaxX YEIOBEKa. 31€Ch YMECTHO TOBOPHUTH
0 cyOBEKTHOCTH KaK MEpe OCO3HAHHOCTH T€X WM MHBIX acleKTOB OBITHSA
9elJoBeKa. OTO TMPOHWCXOMUT KaK BO BHYTPEHHEM MPOCTPAaHCTBE
(cozepuaromuii  cyObeKT), TaKk ©U BO BHEIIHEM MPOCTPAHCTBE
(mpeobpa3zyroluii cyobexT).

VYnpasieHre NOTOKaMH HHPOPMAIMK OCYIIECTBIISIET CO3HAHHUE U €TO
LEHTpaJIbHASl COCTABIAIONIAs] — MPOLECC KOHLEHTPAIlMM BHUMaHUA. Tak B
opraHuzMe HWHQoOpMaIus TMepeaaeTcs C IMOMOIIBI0 HEHPOryMOpambHOM
CHCTEMBI, C OHOW CTOPOHBI, a C APYTO CTOPOHBI HH(POPMAIHI U SHEPTUSA
UPKYIUPYET [0 MEpUINaHaM, KOTOpbIe 00E€CIIEYNBAIOT CBA3b OPTAHU3Ma C
SHEepPronH(POPMAIlMOHHOW  cpeJod  BHemHero wmupa.  HapymieHue
pacripeseseHus SHEPrur 1o 12 mapHBIM MepHHaHaM MPOSBIIIETCS B BUIE
«IIIYMOBY B OpraHU3Me. DTH ITYMBI MOTYT OBIT CIIEICTBHSIMHU HAKOTUICHHBIX
TOKCHHOB HJIM HAapyIICHUS IBUKCHUS SHEPTUH U HH(POPMAIIH [0 KaHAIaM,
0COOCHHO NpH NCUXUUYECKUX HANPSKEHUIX delIoBeKa. B KoHeuHOM cuete
3TO BeAeT K JUCHYHKIMH OpraHM3Ma M TOoTepe MCHXO(U3UIECKOH
AKTHBHOCTH CyObeKTa.

UenoBek Ha ypOBHE CyOBEKTa 00JIaaeT CIIOCOOHOCTRIO OCO3HABATH U
PeryJIMpoBaTh 3TH HJOT€HHBIE MPOIIECCH B Cllydae cO0eB WM HapyIIEHHH
pacripenenenus sHeprud. OCHOBHAsI IpoOJieMa IPH 3TOM 3aKIIoYaeTcs B
OTPAaHUYCHHOCTU CPEICTB y CyObekTa. BoopykeHue uenoBeka STHMH
CpPEICTBAMM MOXET COCTaBIATh OJHY U3 MAaruCTPAJIbHBIX 3a/1ad
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obpaszoBanus. B pamkax Takod 3ajadyd ObUTa TPEINPHUHSTA TOMBITKA
npoBepku  3(PPEeKTHBHOCTH BO3ACUCTBUS CHCHHUANBHBIX TEXHUK Ha
MCUXO(U3NOIOTHIECKIE TIapaMeTphl  OpraHu3Ma. bblia  mpoBencHa
SKCIIEpUMEHTATbHAs paboTa C pECHOHICHTAaMH CpeIHEH U TO3THEH
3penocTH B KonndecTBe 150 genoBexk.

OOBEKTOM HCCIIEIOBaHUS SIBIIETCS TUHAMHKA (QYHKIIMOHAIBEHOTO
cocrostHUs cyObekTa. [IpenMeT ucciaeqoBaHus SBIAIOTCS IICHXOTEXHUKU B
caMOperyJsuy (yHKIHOHATIBHOTO COCTOSHUS YeJIOBEKa.

Lenp wiccnemoBanms 3aKII0YANIaCh B U3YICHUH POJIM IICUXOTEXHUK B
CaMOPETYJSAINA (PYHKIIMOHAIBHBIX COCTOSIHUH YenoBeKa. [l JOCTmKeHUs
MIOCTABJICHHOW IENM TPOBOAMIACH AKCIEpUMEHTaNbHas padorta. Cxema
WCCIIeIOBaHUA npearoarana 3aMephbl (YHKIIHOHATILHOTO u
TICUXO3MOIIMOHAIIEHOTO COCTOSIHHS UCTIBITYEMBIX JI0 U ITOCJIEe METOANYECKH
OpPraHM30BaHHBIX CEAHCOB CAMOPEryBIIuu. JlIs OIEHKH pe3ylbTaToB
HCIOJIb30BATNCH O0BEKTHBHO-OPUEHTUPOBAHHBIE METOJBL: IMPOTPaMMHO-
anmapatHelii komruieke SilverStep, HCHoONB3yIOMUN METOIUKY aHalu3a
Bapua0eNbHOCTH  CEPACYHOTO pUTMA, H  IPOTrPaMMHO-aNIIapaTHEIA
koMiuiekc  PODOC-EO01C, peructpupyoliuii ©  aHaJIM3UPYIOMIMHA
3JIEKTPUUYECKHUE CUTHAIIBI OMOJIOTHYECKH aKTUBHOU Touku MC-7.

Hcnonp30BaHne METOAMK CaMOPETYISALUH JIAaeT ITOJI0KHUTEITbHBIH
CHBUI  (DYHKIIMOHANBHBIX WM  TICHXOAMOIMOHANBHBIX  COCTOSHHMA
UCTIBITYEMBIX, (PUKCHPYEMBIH KaK 10 OKOHYAHWHU CEaHca CaMOpPETYJISIHH,
TaKk U B TEUEHHE HaOII0JacMOro HEIENBHOr0 Mepuoja MpeObIBaHUS
UCTBITYEMBIX HAa O3J0POBUTECIBHON ceccuu. [IpUMEHSITNCH CIeIyIOMIHe
MICUXOTEXHUKH: «TPYOBD», «KOKOH», «IbIXaHWE B MO3I», 3BYKOBas
CTUMYJISALUS MO CHHXPOHHM3AIUN O00MX IMOJTyIIapui, BU3yaTH3alis CEMU
[EHTPOB, «UEePEMAIIKay, IePEBO» U IPYTHE.

PaccmoTpuM pe3ysbTaThl HCIOIB30BAHUS METOJIMKH KOHIICHTPAIIH
Ha BTOPOM SHEPreTUYECKOM IIeHTpe (IIOJIOBOM YaKpe) M pacHpeaeicHHUs
SHEPTuU MO OKOHYaHWHU ceaHca (puc. 1, puc. 2). /lnurenbHOCTh ceaHca
coctasisa ot 20 mo 30 muHyT. McmeiTyemble B paboTe BO BHYTPEHHEM
MPOCTPAHCTBE OTIMYAINCH CIIOCOOHOCTBIO K  KOHIIGHTPALWH, YTO
MPOSIBIIIOCH B BRIPAXKCHHOCTH d(PPEKTa BIUSHIS TEXHUK HA CYObEKTUBHBIC
TICUXO3MOIIMOHANIbHBIE COCTOSIHUSA. [lMHAMHMKa H3MEHEHHs IOoKa3aTelneit
cocrasmiia oT 100 go 10% y pa3HbIX ydyacTHUKOB. [lo3UTHBHOE BiIMSHHE
00HApy)XMBAIOT JBE TPETH HCHBITYEMBIX, HO OJHA TPETh IOKA3bIBACT
HeOobIIoe YXYALICHHE OKa3aTeeH.
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B pesynprate paboTel BO BHYTPEHHEM IPOCTPAHCTBE YIyUILICHHE
COCTOSIHMS 110 KOMIUIEKCHOMY MOKa3aTell0 3A0pOBbs IO JAHHBIM
KapauouHTepBanorpadun Hadbmoxaitochk y 61% pecrioraentoB. Ha ocHOBe
sToro Metona mnporpamma SilverStep AURA orneHuBaeT mokazaremu
OMOdHEPreTHUECKOH aKTHBHOCTH CEMH JHEpPreTHYECKHUX LEHTPOB (Yakp).
Onpenensnoch KOJUYECTBO HCHBITYEMBIX, Yy KOTOPBIX IPOHU30LLIO
yAydllleHWe TOKa3aTeslel akTUBHOCTH KaXJI0M dYakpbl. lucTtorpamma,
XapaKTepu3yIoIlas yIydllIeHue STUX IMoKa3zaTeel, mpeacTaBieHa Ha puc. 1.

IIporpammuo-anmnapatHslii  koMiuieke PODIC-E01C  oueHuBaer
(YHKIIMOHATIBHOE COCTOSHUE 17 OCHOBHBIX OPraHOB M CHCTEM OpraHM3Ma
(cepoedyHO — COCYIHCTOW CHCTEMBI, IIEWHOTO, T'PYOHOTO MOSCHHIHOTO
OT/IeNoB, OPOHXOB, JETKUX, MEYEHH, JKEITyIKa, IOJHKEITyI0YHOMN Kelessl,
TOJICTOTO KMIIEYHUKA IIUTOBUIHON KeJe3bl, HAANOYEYHUKOB, MOYEK,
MOUEBOTO ITy3BIps, MPOCTATHL, MATKH), a TAKXKE IICUXOAIMOIHOHAIBHOE
COCTOSIHME 4YelloBeKa (YCTaJloCTh, CTpPECC, BIMSHHE SMOIMHA Ha paboTy
oprannsma). OlLeHKa aKTUBHOCTH YaKp 3TUM alnaparoM He MPOU3BOIUTCS.
Meron TecTHMpOBaHUSI M KOHTPOJS OCHOBaH Ha BO3IEHCTBUM Ha
Ononormueckn akTHBHYIO Touky MC-7 1 aHanm3e mocieryonero OTKINKA.
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PucyHok 1 — J1onst ICTIBITYEMBIX, Y KOTOPBIX YIYYIIHIHCH TIOKa3aTeNnn

AKTUBHOCTHU YaKp, OUCHCHHBIC IIPOrpaMMHO-aInapaTHbIM KOMIUIEKCOM
SilverStep AURA
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Hcnonp3ysa naHHble, MOIyYEeHHBIE ¢ MOMOIIbI0 ammapata PODIC-
EO01C, 6pu1 pazpaboTan alNropuT™ OICHKY aKTHBHOCTH IIATH MEPBBIX YaKp.
Juie  TOM Ke TIpynmbl  HMCHOBITYEMBIX IOCTPOEHA  TUCTOrPaMMa,
XapaKTepU3yrolas yiaydllleHue aKTUBHOCTH 3THX YaKp, IPEJICTaBICHHAs Ha
puc. 2.
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PucyHok 2 — J[0J1s1 HCTIBITYEMBIX, Y KOTOPBIX YIYUIIHINCh IIOKA3aTeNn
AKTHUBHOCTH YaKp, OILIEHEHHBIE 110 JAHHBIM MPOrPaMMHO-AIIITaPaTHOIO
komiiekca PODPOC-EQ1IC

B Ky0aHckoM ToOCymapCTBEHHOM YHHBEPCHTETE IPOBOAUTCS
9KCIEPUMEHT IO HUCTIOIB30BAHHIO TEXHUK CAaMOPETYIISAILMN ISl COXPAaHEHUS
(DyHKIIMOHATBHOTO 3[I0POBBS CTYAEHTOB. DKCIIEPUMEHT JUTHIICS B TEUCHUE
BECEHHEro CeMecTpa. 3aHATHS 110 CaMOpPEeTryJSLUH Npoxoawian 1 pa3 B
Hezemo. B skcnepumente yyactBoBanu 24 crynenra: 13 nesymek (54 %) u
11 ronomeir (46 %). PyHKIHOHAJIBHOE COCTOSHHE OPraHOB M CHCTEM
OpraHu3Ma  OLCHHMBAIIOCh C  MOMOUIBI0  IPOrpaMMHO-ANIapaTHBIX
komiuiekcoB  SilverStep u PODPIC-E01C, wuCmonp3yromero MeETOIUKY
aHanM3a BapHaOeTbHOCTH CepAeYHoro purMa. HawampHOoe cocTosHue
(hyHKIIMOHATIBHOTO 30POBbS CTYACHTOB ONPEEIIIOCh Ha IEPBOM 3aHATHH.
Texymwii KOHTPOJIb BRITIOTHSIICS Ha KaXKIOM 3aHSATHH.
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I'ucrorpaMMel Ha puc. 1, puc. 2 TOIXy4eHBI COBEPIICHHO PA3INIHBIMU
MeTogamu. HecMmoTps Ha HEKOTOpOE YHUCICHHOE HECOBIAICHHUE, OHU
JIEMOHCTPUPYIOT TOJMOXKHUTENbHBIN 3()(eKT, MOCTUTHYTHII B pe3ysbTare
ceaHca caMOpEeryJIsLUK, UCIOb3YIOMEH KOHIIEHTPALMI0 Ha BTOPOH Yakpe.
Cnenyer OTMETHTh IepepacupeiiejieHUe HHEPIuu, MpPOSBISIONIEECS B
YBEJIMYEHNH aKTUBHOCTH BceX Yakp. Kaxxmas wakpa cBsi3aHa ¢ ccTeMaMi U
OpraHaMu 4epe3 SHIOKPUHHBIE OPTaHbl, T.€. CUCTeMa Yakp Ha (PU3NIECKOM
YpOBHE SIBJISICTCS] SHAOKPHHHOM CUCTEMOM, MaTepUaTbHBIMU areHTaMHU Yakp
SIBIISTIOTCS. TOPMOHBL. (DYHKITMOHUPOBaHWE YaKp MHOTOTPAaHHO Ha BCEX
JKU3HEHHBIX YPOBHSAX Opram3Ma — (HU3HYECKOM, SMOIHOHAIBHOM,
NCUXUYECKOM, MEHTaJIbHOM u T.A. [4, 5]. IlomydeHHBle pe3yabTATHL
MOJTBEPIKAAI0T BO3MOKHOCTD MCIOJIB30BaHUS METOIUK MCHUXO(DU3NIECKON
caMOperyJIsIKH JUTsd COXpaHeHHs (PYHKIIMOHAIBHOTO COCTOSIHUS 310POBBSI.

Ha puc. 3 TnpomaeMOHCTpUPOBAaHO HW3MECHEHHE IIOKa3aTeleH,
perucTpupyeMeix ¢ momoinipto  SilverStep. [[ns 3Toro ompenensioch
KOJIMYECTBO CTYACHTOB IO KAXKAOMY KpUTEPUIO (PYHKIIMOHAIBEHOTO
COCTOSIHHSA C TIOKa3aTelssMd B HopMme. OTMETHM, YTO IO pe3ysibTaTram
MEpBOTO  HCCIENOBAHUS Yy TPOMX CTYAEHTOB ObUT 3a()MKCHPOBaH
MaKCUMAaJIbHBIM ypOBEHb KOMIUIEKCHOTO MoKa3zaTensi 3710poBbs (100 %).
MakcumanbHble OKa3aTeNd He AAI0T BKJIaJ B TUCTOrpaMMy Ha puc. 3.
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PI/ICyHOK 3 I/I3MCHCHI/I€ KOJIMYECTBA CTYACHTOB C IOKA3aTEIIMHA
SilverStep B HOpMe: cHHMIA IIBET B HAYaJIE CEMECTPA, 3€JICHBIN IIBET B
KOHIIE CeMecTpa:

1 — T'onoBHo# Mo3r, 2 — [THC, 3 — DHnOKpUHHAS U TUM(aTHIecKas
CHUCTEMBI,

4 — Cepaeuno-cocyauctas u aeixat. cuctemsl, 5 — XKKT, neueHs, »KemuHbIH
Ty3b6Iph, 6 — Mod4ernosoBas cucremMa, I04KH, 0OMEH BEIecTB, 7 —
NmmyHurer,

8 — Jlerkume, 9 — Toncras kumka, 10 — XKemynoxk, 11 — Cenesenka u
nopKenyaouHas xxenesa, 12 — Cepaue, 13 — Tonkuit kunieyHuk, 14 —
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MoueBoi my3bIpb, 15 — ITouku, 16 — CnimaHO# Mo3T, 17 — XKemunbrii
my3elpb, 18 — [leuens, 19 — Ananranus,
20 — BereraruHas perymsus, 21 — HeliporymopanbHast perysisis,
22 — I1cux03MONMOH. COCTOHHE, 23 — CTeneHb TapMOHH3AINYA OMOPUTMOB

TakuM 00pa3oM, TONydeHHBIE pe3yJIbTaThl CBUAETEIBCTBYIOT O
CHIDKEHHH 3a CUET MCIOJIb30BaHHON TEXHUKU CaMOPETYIISLMHI HalpsHKeHHS
(YHKIIMOHAIBHBIX CUCTEM OPTraHN3Ma, SIBJISIIOLIErocs CIICICTBUEM YCHIICHUS
(PM3UOTOTHYECKNX MPOLECCOB, NMPOUCXOAANINX B OpPraHW3ME B OTBET Ha
(m3nUecKre W MHTEIUIEKTyalbHBIe Harpy3ku. Ha artame BoccTaHOBIECHHS
(ceaHCBI CaMOpETYIALNK), AKTHBHOCTh (DM3MOJIOTHYECKHX IIPOLIECCOB
CHIDKACTCs, YTO M O0OyCIaBIMBAaeT HOPMAIM3alMI0 (DYHKIIMOHAIBHOTO
COCTOSIHUSI OPTaHU3Ma.
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AnHoTanus. B crathe mokazaHo BIUSIHUE JIEKTPOMATHUTHOTO TIOJIS U
MH()OPMAIIMOHHOTO 3allyMJICHUS Ha HHTYULIHMIO. J[aHO oIpenesieHue |
¢dakTopsl  0e30macHOCTH  pa3BUTUS  dUEllOBeKa.  PaccmarpuBaroTcs
npoOJIeMHO-OPHEHTUPOBAHHAS MOZENb YenoBeKa Kak
SHEPronH(GOPMAIIMOHHOW  CTPYKTypel M HEHpO(H3NOIOrHIecKue
MEXaHU3Mbl HHTYHIUH. [IpUBeNeHbl TPOLECCHl  HMH()OPMAIMOHHOTO
B3aMMO/JICUCTBUSI B KJIECTOYHBIX CTPYKTYpax Ha KBAaHTOBOM YPOBHE W POJb
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UCKYCCTBEHHOI'O 3JIEKTPOMArHUTHOIO M3IIyYEHHUsS B KM3HEIESATEIBHOCTH.
Cnenan BBIBOA O JECTPYKTUBHOM BIMSHUU Ha UHTYULMIO. JlaHBI
PEKOMEHIALNH 110 YCTPAaHEHHIO TEXHOT€HHBIX 0apbepOB MHTYHIIHH.

KiroyeBble cioBa: 3IEKTPOMarHUTHOE M3IyYEHHE, WHTYHUIMS,
Helpopu3nonorus, WHPOPMAIMOHHAS MOJENIb 4YelIOBeKa, KBaHTOBBIE
3¢ GeKThl, BOIHOBAS PEAYKIHs, BIUSIHUE H3Iy4YeHUs, HapylleHne paboThI
KIIETOK.

TECHNOGENIC BARRIERS FOR INTUITION
Dombrin .M.
Southern Federal University
e-mail: dombrin@yandex.ru

Abstract. The article shows the influence of electromagnetic field and
noise pollution for intuition. Definition and factors of safety of human
development are presented. Human problem-oriented model and
neurophysiologic arrangements of intuition are considered. The process of
information interaction in the cells structures on the quantum level and the
role of technogenic radiation in vital activities are showed. Conclusion about
destructive influence of radiation to intuition are given. Solutions for
removing of barriers of intuition are recommended.

Keywords: electromagnetic radiation, intuition, neurophysiology,
information human model, quantum effects, the influence of radiation,
decoherence, disruption of cells.

AKTYalIbHOCTh JIaHHOM paboTbl — B TOM, 4YTO MBICIHUTENbHAS
JeATeIbHOCTD YeJI0BEKa 3aBsi3aHa Ha JleKTpoMarauTHoe noie (OMII), a sto
caMoe TMOoJi€ 3allyMJIEHO M IPOAOJDKAET HACBILATHCS H3IIyYEHHEM OT
pasNUuUHBIX HMCTOYHMKOB. MBI HaOmIoJaeM OMNacHoe BO3pacTaHHe
UCKYCCTBEHHOTO  3JIEKTpOMAarHuTHoro (oHa Ha TIUIaHeTe  3eMis.
PagnocBernMocTs 3emun 3a mpeapiyme 20 et Bo3pocia B MIITHOHEL pa3
U IPEBBICHIA PAJUOCBETUMOCTb «cIOKOMHOro» ConHua. BiusHue
TEeXHOJOTUH Ha cdepbl CO3HAaHMWSA 4YeJOBEKa HEIOCTAaTOYHO IIOJHO
MIOHUMAETCs COBPEMEHHOM HayKOH U MH)XXEHEpUEH B CUITY IIPUCYILETO HayKe
CBOMCTBA HEMOJIHOTHl MHTEPIPETAlUY 3HAHUSA. A NPUMEHEHUE TEXHUKH, B
TOM 4YHMCI€ U B MEIUIMHCKUX LENsX, TpeOyeT 3HaHUS M NPUMEHEHUS
POOJIEMHOOPUEHTUPOBAHHON MoJenu 4enoBeka. COBpEeMEHHBIN MHpP
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BKIIIOYAaeT TexHocepy, HO Oe30macHbl JIM COBPEMEHHBIE TEXHOJOTHH,
UCHOJb3YIOLUE 3IEKTPOMAarHUTHOE MoJje, A dyenoBeka? bezomacHocTs —
KOMIUIEKCHOE IOHSATUE, OCHOBAHHOE HA BEPOSTHOCTH JOCTHXKEHMUS
KU3HEHHBIX IIeel, CpeACTBAMU JUIS JTOTO SBIAIOTCS CIOCOOHOCTH
YejloBeKa, B TOM 4YHCJIE pa3BUTas UHTyuIMs. buonoruyeckas ocHOBa
0e301macHOCTH — WHCTHHKT camMocoxXpaHeHws (MHTyniws). llpemcraBiss
c0o00li HEOCO3HABaEMBbIE TPOIECCHI MEPEPAOOTKH WH(POPMAILIUN, UHTYUIIUS
MIPOSIBIIACTCS Yepe3 HeUpOo(PHU3NOIOrHIecKue CTPYKTYphI yenoBeka [1] kak
yepe3 CUCTEMY TNPOBOAHMKOB. Ha HHX OKa3blBaeT BIMSHUE TaKOU
KOMITOHEHT  COBPEMEHHOH  TexXHOC(epsl, KaK  HCKYyCCTBEHHOE
aNeKTpoMarauTHoe minydenne (OMU) [2]. BrusHue 371eKTpOMarHUTHOTO
MOJISl Ha BEIIECTBEHHO-DHEPIeTHMYECKOM YPOBHE YENOBEKA JOCTATOYHO
xopomo  u3ydeHo Haykod. Kpome  sHepreTmueckoro  pecypca,
AJIEKTPOMArHUTHOE TIOJIE HEceT WH(pOPMALHUIO, U LEIhI0 JaHHOU PabOTHI
CTaBUTCS HCCIEIOBAaHHE MEXaHU3MOB HH(POPMAIIMOHHOTO BO3ACHCTBHS
OMMU Ha NCUXUKY 4YeoBeKa B 00IeM, U Ha HHTYUTHUBHBIE CIIOCOOHOCTH B
YaCTHOCTH. B JTaHHOU CTaThe 0TOOpa’KEHBI pe3yJIbTaThL
MEXIUCIUIUITMHAPHOTO TEOPETUYECKOTO HCCIEIOBAHUS WHTYUIMH Kak
WHQOPMAIIMOHHOTO ~ TIpollecca, MPOMCXOASAIIEr0 Ha BCEX YPOBHAX
MCUXO(U3NUOIOTHUECKOH CTPYKTYpbl UeJIOBeKa, W €ro HapylIeHWi
BcneAcTBUM DOMU HCKYCCTBEHHOTO XapakTepa.

1. Boixoas 3a OMOJIOTHYECKYIO CTPYKTYPY YelOBEKa, M CMOTpPS Ha
HEro Kak Ha OTKPBITYI0 OMOMH(POPMOIHEPTETHUECKYIO CUCTEMY, MBI BUAUM
B HEM TIPOIECCHl TepepadOTKH W OOMEHa BEIIECTBOM, DJHEPTHUEH,
nHpopManmeli (B COOTBETCTBHM C 3aKOHOM coxpaHeHms m, E, |,
OTPa)XEHHOM B ecTecTBeHHOHay4yHoH napanurme T. Kyna). TeneBunenue
MOXET pacCMaTPUBATHCS KaK MOJEb MprueMa HH(pOpMaul 4eJIOBEKOM, B
KOTOpOW TNpOosiBIIEHHE HH(POPMAIH OT UCTOYHHKA IIPOUCXONT HA PAa3HBIX
YPOBHSX: OT D3JCKTPUYECKHUX IPOILECCOB B IMPOBOAHUKAX OO CBECUCHHS
skpaHa. CymiecTByeT MHOXECTBO KaHaJOB IpHeMa HH(opMaruu
«BcenenHas- 4enoBek», 4epe3 KOTOpPblE IOCTOSHHO —IPOUCXOAUT
Heoco3HaBaeMblii mpueM uH(popmanuu [3]. Bocnpusrtue unbopmannu
YeIIOBEKOM OCYIIECTBISIETCS KaK HePapXUIECKON CTPYKTYpOH (Xxomapxueit),
B KOTOPOH BECh OPraHU3M COCTOMUT U3 OPIaHOB, OPraHbl — U3 KIETOK, KJIETKU
— W3 MOJIEKYJI, aTOMOB, 3JI€MEHTapHBIX YacTull U T.1. [4]. bonee Bbicokuit
YPOBEHb YNpPaBIACT HIKHUMH, IPOUCXOISIT KaK BHYTPUYPOBHEBBIC, TaK U
MexypoBHeBble KoMmMmyHuKanud. B CCCP 3apeructpupoBaHo Hay4dHOE
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oTkpeiTHe B. Kasznaueera, C. lllypuna u JI. MuxainoBoi, ycTaHOBUBIITHX
3JIEKTPOMArHUTHYIO CBS3b MKHUBBIX KJIETOK Apyr ¢ apyrom. Kierku yepes
MOJIEKYJIbI, aTOMbl W JJIEMEHTapHbIE YaCTHIbl BOCIPUUMYMBBI K
ANEKTPUYECKUM, MATHUTHBIM U TPaBUTALMOHHBIM TMIOJISIM, TOJTYYECHBI
JI0Ka3aTeIbCTBa KBAHTOBOW NPHUPOJBI MPOLECCOB, MIPOUCXOSAIINX BHYTPU
HEHpOHOB, KakK KIJIETOK, TaK M HAa YPOBHE MOJEKYJSPHBIX CTPYKTYyp [5].
Bcenennas Ha cy0aTOMHOM yPOBHE — 3TO HEpa3phIBHAs CETh, B KOTOPOU BCE
HH(OPMAIIMOHHO CBs3aHO (3P PEKT «CUETIICHHOCTHY). BOIHOBas pemyKIus
MPEICTABISACT COOOW MEXAHW3M TPAHCISAIUHN «HH(OPMAIHSI-BEIIIECTBO» H
MIPOUCXOINT B MHUKpOTYOymax kieTok [6]. «Kanamamu pacmpocTpaHeHUS
SHEPruHM W WH(POPMAIUN BHYTPH OHMOJOTHYECKOTO OpPTraHU3Ma SBISIFOTCS
IHHC, mnepBas u BTopas curHaibHble cucteMbl» [7]. Heliponsl u
CyOHEHpOHHBIE CETH SBJISIOTCS CHHXPOHHM3WPOBAHHBIMH OCLWILIATOPAMH,
KOTOpBIE MOMy4YaroT W OTHPABIAIOT HH(POpMAIUIO Yepe3 KBAHTOBBIH
pezonanc. CoOOCTBEHHBIE AJIGKTPOMArHMUTHBIE TIOJNI ©  KBAHTOBAs
«CLETUIEHHOCTBY» BO BCEM OpPraHM3Me — 3TO (DYHIAMEHT JAJIsl KOOPAMHAIUH
MpPOLIECCOB,  KOTOpble  JIeJal0T  BO3MOXKHOM  Xu3Hb  [8]. B
CHHXPOHU3UPOBAHHOM MHOKECTBE BOJIH 3aKJII0UEH HCTOYHUK HH()OPMAITIH
JUIsL PUTMHYHOM paboThl 3NEKTPOOMOXMMUYECKHX MPOLECCOB BHYTPU
KJIETOK W MH(OPMAINH, 0OCO3HABAEMON YeJIOBEKOM KaK MHTYUTHBHasL.

2. MHckyccTBeHHOE H3IYy4EHHE MOXKET pacCMaTpUBaThCS Kak
UCTOYHHUK KBa3H-(TICEBJO-) TapMOHHYHBIX U3IYYeHHH C Tepeaayei
uHboOpMaIMKM, HE COBMAAAOIICH TO CTPYKType CO CIOXHEHen
MH()OPMAIIMOHHON CTPYKTypo# denoBeka [8]. VIcKyccTBEHHBIE BOJHBI
TEXHOTE€HHOI0 XapakTepa, co3aBasi IOCTOPOHHHUE ITYMbI, B COOTBETCTBUU C
Teopuell mepepaun  MHGOPMALMM  HWCKaXalOT TIPOIECCHl  Iepenadd
nHpopManu (C BOJHOBOTO Ha OMOXMMHYECKHH YPOBEHB), TEM CaMBIM
«3aTPYAHSIN MIPOXOKJCHHE CITa0bIX CUTHAJIOB WHTYUILIUH.
JucrapMOHUYHBIN CIEKTP W3IyYCHHs, COIOCTaBHMOTO IO YPOBHIO C
€CTECTBEHHBIM (OHOM, U TEXHOTEHHas HH(POpMAIMs, MOIYJIUpPYHOIIas
U3IYYCHUE, KaK CICICTBUE, BHOCIT Xa0C B CIIAXKEHHYIO pa0OTy KIIETOYHBIX
CTPYKTYp, HapymaloT padoTy MeXaHW3Ma [epeAadydl HHTYHTUBHOU
uHpopManuy (pa3pyIIaloT BOIHOBYIO PEIyKIHI0). B kauecTBe aHamora Mbl
MOKEM  paccMaTpMBaTh  BMELIATEIbCTBO  MOIIHOIO  MAapa3sMTHOrO
reHepaTopa, paboTarOLIEeTO PSAIOM C PAJHOIIPHEMHIKOM Ha TOH JKe 4acToTe.
CrenanHbple HaAMU BBIBOJBI COOTBETCTBYIOT PE3YyJibTaTaM MHOTOKPATHBIX
uccnenoBanuii  (FO.Xoynog0oB W J1p.) COCTOSIHHMSI 3I0pOBbS 4YeNOBEKa
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(YXyauieHne caMO4YyBCTBHUSI, OOBEKTHBHBIX TOKa3aTellel), MCUXUYCSCKHX
¢byHKIW (yXyAMeHne MaMaTH, BHUMaHNs, MBIIIJICHNS) TI0CIIe BO3JIEHCTBUS
CBY-u3nmyuenns «ObITOBOro» ypoBHsS. CeromHs — 3TO pacnpoCTpaHEHHBIE
TEXHOJIOTHU COTOBOM Tenedonun, Wi-Fi-kommyHukanuii u ap. Pabotamu
yueHbIX B Poccun OBIIO yCTaHOBIIEHO, YTO, BO-TIEPBBIX, HEPBHASI CHCTEMa
9eJoBeKa, OCOOCHHO BBICIIAS HEPBHAS JESATENHFHOCTh, YyBCTBHTENBHA K
OMII, wu, Bo-BTOpBHIX, uTo OMII oOMagaeTr T.H. WHGOPMAIMOHHBIM
JIEHCTBHEM IIpU BO3ACHCTBUM Ha 4eEJIOBEKa B WHTEHCHBHOCTSX HIDKE
MIOPOTOBOH BEITMYHMHBI TETUIOBOTO d(deKTa.

3. M3BecTHA 3(h(heKTHBHOCTH METOAOB OMOPE30HAHCHOU Teparud [9],
HO JiedeOHBIH 3((EeKT OT NPUMEHEHHUs TEeXHONOTHMH HH(OpMannOHHOMH
MEIUIMHBI HEMOJIHBIA U HeNpeICKa3yeMblil 0e3 yJacTHsi CO3HaHHS CaMOro
YelioBeKa B MOHMMAHUU MpUYHH cBoeld 6ose3nu [10]. CymiecTBYOT Takxke
UCCIIEIOBAaHMs, B KOTOPBIX JOKa3bIBAaeTCsA THIOTE3a 00 OTHOCUTENBHOM
0€30MacHOCTH COBPEMEHHBIX TEeXHOJNOTHH (mpu cooTrBeTcTBHM OMII
ONpEJeNCHHBIM HOpMaM). YUUTbIBasg HEMOJIHOTY JOOOro Hay4yHOTo
WCCIIeIOBAaHMA, 9TH JI0KAa3aTeNbCTBA MTONAAI0T B 30HY HEONPEIEIEHHOCTH.
YenoBek He MOXKET OBITh 3MOPOBBIM «OTHOCHTENBHO». Hayka momkHa He
3aMEHATH 3/IPaBbIi CMBICII, @ TOJIBKO JIOMOIHSTH €TO.

PasBuTHe Hayku, pa3paboTka Oojiee TOYHBIX METOJIOB UCCIIEJOBAHHS
MO3BOJISIET 3apETUCTPUPOBATh paHee CKPHITOE — OOMEH JHEprusMH U
nHpopmanmeir. B oco3HaHWE YENOBEKOM WHTYUTHUBHOW WH(MOpMauu
BOBJICKAIOTCS  pa3lW4Hble HEHPONCUXO(PU3NOIOTUYECKUE CTPYKTYPBHI,
BKJIIOYAIOIIME PEryIATHBHBIE MEXaHM3MBbI. YeIoBeK MOXKeT 00 yXyAILIUTh
MHTYWTHBHBIE CITIOCOOHOCTH, CY3UB KaHAIbI HHGOPMAINH, THO0 HACTPOUTH
WX, OYMIIASACH OT BCEX 3arpsA3HEHWI Ha BCEX YPOBHSAX, B TOM YHCIE OT
HEECTECTBEHHBIX DJIEKTPOMArHUTHHIX Tmojeld. CHsATHe OapbepoB s
WHTYHIUH — 3TO TaKkKe MPOIECC CaMOUCIIETIEeHUs, BKIIIOYAIOMINI TO3HAHNE
MIPUYUH CBOETO AUCTapMOHUYHOTO Pa3BUTHUS U CAaMOYIIPaBIIEHHsI COOOM, Kak
UHTCTPAJIBHOM ~ SHEpProMH(GOPMAalMOHHOM  CTPYKTypoH B LeAX
camopa3BuTHA. [lepCHEeKTUBHBIM  SBISETCA HMHTETpajbHas  HaydHas
9KCTIEPTH3a Pa3INIHBIX TEXHUIECKUX CHCTEM B IIaHE 3KOJIOTHIHOCTH.
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K BOITPOCY ®OPMAJIN3AIIAA BUOMEXAHUYECKON
JIBUTATEJIbHOM JTEATEJIBHOCTHU YEJOBEKA JIJISI 3AJJAUN
HABJIOJAEHUA 3A MAITMEHTAMUA
Homepuyk A.A.

HOxHbIi penepanbHbIil yHUBEPCUTET
e-mail: aynomerchuk@sfedu.ru

Anzotanust. HabnroneHue 3a maueHToM SBISIETCSl OJJHUM U3 BaKHBIX
METO/IOB B MEJMIIMHE ITPH paHHEN AMarHOCTHKE 3a00IeBaHNi, 0COOEHHO 3TO
aKTyaJlbHO B IICUXUATPUYECKOM IpakTuke. B naHHOM cTaThe mpeanaraeTcs
CO3/IaHWE CHUCTEMBl MICHTH(HKAINM M PACIO3HABAHUS CIIEH HAa OCHOBE
Bueo u3oOpaxkeHwid. J{nsg (GYHKIMOHMpPOBaHHSA JAHHOM  CHCTEMBI
HEOOXOJMMO TIpOM3BeCTH (hopMalM3alliil  JABIIKEHHUsS YeloBeKa B
MIPOCTPAHCTBE, WAECHTU(UKALHIO €r0 KHHEMAaTHYECKHUX M JWHAMHYECKHX
OMOMEXaHHUECKUX XapaKTEPUCTHUK.

B pabGote paccmarpuBaeTcs MOAXOMA K ONKCAHUIO Tella 4YeJIoBeKa B
IPOCTPAHCTBE U IMOCTPOCHUS KMHEMATHYECKUX XAPAKTEPUCTHK ABIKEHMUS
gacted Tema. s ommcaHMs Tela 4elOBEKa BHIOpaHAa KHHEMAaTHYeCKas
Mozenb. JlaHHas MoJienb O4eHb I'POMO3JKa AJISl MOCTPOCHMS JIBUXKEHUHN B
BBIUMCJICHUSIX, II03TOMY Ha IIPAaKTUKE BBOJSITCA JOIOJIHMUTENIbHBIE
yIpoLIeHus U orpaHudeHus. He Bcerja BBe/ieHNE OrpaHUYEHUI criacaeTt ot
OOJIBIION BBIYUCIUTEIBHON MOIHOCTH, MO3TOMY HCKOMasl MOZEnb OyneT
MpeAcTaBlieHa B BUIE yNpolueHHoil mozaenu Hanavan, xoropas HIIMPOKO
UCIOJb3YETCsl B UCCIEN0BATEIbCKUX U MPHUKIAJHBIX 3aa4aX B MEAULUHE,
pOOOTOTEXHHUKE, KHHOWHIYCTPUH U T.1.

[IpoBoauTcst 0030p MNPHKIATHBIX TPOTPAMMHBIX pPEILICHHH IS
MOJICIMPOBAaHUSl U pacueTa JUHAMUYECKHX XapaKTEpPUCTUK ABIKeHUs. B
Ka4yeCcTBEe MPUMEPOB ClieliaH KpaTkuii 0030p cucrem — Visual Nastran 4D
(MCS Software), LifeModeler, SIMM, OpenSim. B Buty TOro 4to JaHHbIE
CHCTEMBl TPEOYIOT IJIMTEIBHOTO BPEMEHM Ha (DOPMUPOBAHHE MOJIEIH
HCCIIelyeMOro TaiueHTa, TMpelaraeTcs NOomoMTH K  (opmammsannu
JIBUDKCHUS T€Nla YeJIOBEKa HA OCHOBE HEYETKOM Joruku. I ynpoleHHs
(opManM3anM TPEACTABICHUS 3BEHBEB MOJENIN YEIIOBEYECKOTo Tema
OCHOBHBIE KMHEMAaTHUYECKHE Y3JIbl MOXKHO IPEACTABUTh B BUJIE HEUETKUX U
JIMHTBUCTUYECKUX IIEPEMEHHBIX.

B kauecTBe mpuMepa MOKa3aHO IPEJCTaBIEHUE B BHUIEC HEUETKOM
MEPEMEHHON KHHEMAaTHUYECKOM MHapbl — JIBIKCHUS B JIOKTEBOM CYCTaBe.
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[Tokazan mpuMep ONMHMCAaHHSI HEUYETKOM M JTUHTBUCTUYECKOW MEPEMEHHBIX,
3amanus QyHKIWI npruHauIe)XHOCTH B Matlab.

KiroueBrie croBa: OnoMexaHuKa; MOAENh; GopMau3alys; HedeTKa
JIOTHKA.

THE QUESTION FORMALIZATION BIOMECHANICAL MOTOR
ACTIVITY OF HUMAN TASKS PATIENT MONITORING
Nomerchuk A.Y.

Southern Federal University
e-mail: aynomerchuk@sfedu.ru

Annotation. Monitoring of the patient is one of the important methods
in medicine for the early diagnosis of diseases, especially important in
psychiatric practice. This article proposes the establishment of a system of
identification and recognition of scenes based on video images. For the
operation of the system is necessary to make the formalization of human
movement in space, identification of its kinematic and dynamic
biomechanical characteristics.

The paper deals with an approach to the description of the human body
in space and the construction of the kinematic characteristics of the
movement of body parts. For a description of the human body kinematic
model selected. This model is very cumbersome to build movements in the
calculations, so in practice, simplification and further restrictions are
imposed. It is not always save us from the restrictions of computing power,
so the desired model will be presented in the form of a simplified Hanavan
model, which is widely used in research and applied problems in medicine,
robotics, film, etc.

A review of application software solutions for modeling and
calculation of dynamic characteristics of motion. As examples, made an
overview of systems — Visual Nastran 4D (MCS Software), LifeModeler,
SIMM, OpenSim. Since these systems require a long time to form a model
of the test the patient is invited to come to the human body motion based on
formalization of fuzzy logic. To simplify the formalization of links
presentation of the human body model, the main kinematic components can
be represented as fuzzy and linguistic variables.
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As an example, shows a representation in the form of a fuzzy variable
kinematic pairs — the movement of the elbow. An example of the description
of fuzzy and linguistic variables, setting membership functions in Matlab.

Keywords: biomechanics; model; formalization; fuzzy logic

Beenenne. B MenWIMHCKON TIpakTHKE Y MAIlUEHTOB MOXKET
BCTPEYATHCS MOTEPSI BCEX BUAOB OPUEHTUPOBKH IOJIHAS I€30PUEHTHPOBKA,
a TaKkKe HapylIeHHE HECKOJIBKHUX WJIHM OTICNBHBIX ee BUAOB. Yale Bcero
NE30pUEHTUPOBKA B MECT€ W  MPOCTPAHCTBE  XapaKTepHA IS
MICUXUATPUICCKAX 3a00JICBaHUN W MOXET BBIPAXATHCS B HAPYIICHUH
COMATONCUXUYECKOU OPHUEHTUPOBKHU [1]. Habmromaercs
COMATOTICUXHYECKasi JIe30PHEHTHPOBKAa M y OOJBHBIX IU30(peHuer c
OpellOBBIM  BOCIIPHSATHEM MHpa. OJTO 4alle BCEro IpOSBIAETCS B
HU300pa3UTENbHON MPONYKIMHA OOJBHBIX: CKIOHHOCTH K YYJOBHITHOMY
ne(hOpMHPOBAHHOMY M300pa’KEHHIO CBOETO TeJa M €ro 4acTei, cpacTaHus,
Hepa3IeeHHOCTH, COUSTAHUS €r0 C BHEITHUM MPEIMETHBIM MUPOM [2].

OnHako 371ech HEOOXOAMMO OBITH OCTOPOXKHBIM MPH IIOCTaHOBKE
INArHO3a, TaK KaK JIE30PUCHTHPOBKA MOXKET HAOIIONATHCSI U IPOSBIATHCS Y
3[I0POBBIX JIOJIEH, HAmpUMep, NMpH MPoOYKASHHH TMOCie TIyOOKOro CHa.
Hawnboee 310 THIMYHO AJIS1 CHHAPOMOB C MOMpPa4eHHEM M CITyTaHHOCTBIO
CO3HAHWS, a TAKKE Y OOJBHBIX HA BBIXOJIE U3 KOMBI, COIIOPA, TP TSHKEIBIX
OpPraHWYEeCKHUX MOpPaKEHUSX Mo3ra U T.A. lIpu HEKOTOPHIX OpraHHYECKUX
MPOTrPECCUPYIOUINX 3a00JICBaHUAX, IPU CEHUIIBHOM IICUX03€ HaOII0aeTCs
HapyIIEHNEe OPUEHTHUPOBKU HE TONBKO B CHTYallid, HO U B MPOCTPAHCTBE
(paccTosHEE 1O TIPEIMETOB, DPACIOJIOKEHHWE MPEAMETOB, OIpEAeIeHUe
HanpaBJIeHUs K HUM u apyroe) [1].

MeTooM JUAarHOCTUKH 3a00JIeBaHWI y TMAIMEHTOB B TMEPBYIO
ouepens SBISICTCS MpeaBapuTeNbHas Oecema BpadoMm (Ompoc), HO, IO
MHEHHIO OOJIBIIMHCTBA BEAYIIUX CICIIHATINCTOB, HE MEHEEC BaXKHBIM 37ECh
SBISIETCST  TIIATeNbHOEe  HaOmojneHue 3a  OoibHBIM.  Hampumep,
aMHeCTHIecKas JIe30pUEHTHPOBKA B MECTE, CUTYAIINH, OKPYKAIOIINX JINIAX
9eTKO OOHApy)KMBaeTCsl TpH HAONMIOACHWU 32 IMOBEICHHEM OOIBHOTO B
otnenenun. COXpaHHOCTH MPAKTHYECKOW OPHEHTUPOBKU U OPHECHTHPOBKH B
MecTe M TPOCTpaHCTBE y OONBHBIX C  ayTU3MOM, MYTH3MOM,
cyOKaTaTOHMYECKUM CHHIAPOMOM MOXET OBITh OIIpe/ieIeHa TOIBKO BO BpeMs
HaOJIIOICHUS 32 UX MoBeAeHueM [1].
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3auacTylo [UId TIPOBEACHHUS aHAIM3a IOBENEHHS 32 OONbHBIMU
MEIWIMHCKOMY TIEpCOHAly, B TOM YHCIE ¥ Bpadam, MPUXOTUTHCS
3aTpauynBaTh JOCTATOYHO OOJBINOE KOINMYECTBO BPEMEHH 3a aHAITHU30M
MOBEJICHHSI MTALIMEHTOB MO BHICOM300pakeHUsIM. UTOOBI ONTUMH3UPOBATH
JIAHHBIC BPEMCHHBIC M YEIIOBEUCCKUE 3aTpaThl HEOOXOIUMO pa3paboTaTh
METOJIMKY aHaJn3a CIICH BHICOM300pKCHUN HAOIIONCHHS 32 OOJTBHBIMH
IUIS  BBIBJICHHS pEUUINBA B IIOBEICHWM U paHHEH JAMAarHOCTHKH
3aboneBaHuit. [ 3Tol nenn HeooxoauMo (HopMamu30BaTh ABUTATEIBHYIO
JETETFHOCTD YEIIOBEKA B TPOCTPAHCTBE.

AHajlM3 MeTOI0B ONMUCAHUS TOJIOKEHUS] U KHHEMATHKH
YeJI0BeYeCKOro Tejia B MPOCTPAHCTBE. Telo YeloBeKa, C TOUYKH 3PCHHS
MEXaHUKH, TMPEICTABIACT COO0H OOBEKT TOBBIIICHHON CJIO0XHOCTH
(hopmanmzanuu ero onucanus. OHO COCTOUT U3 YacTel, KOTOPBIC C OOJIBINONM
CTCTIIEHBI0O TOYHOCTH  MOXKHO  CYHTaTh TBEPABIMH  (CKeNeT) U
JehopMHUPYEMBIX TOJIOCTeW (MBIMIIBI, COCYAbl W Tip.). Temo uyenoBeka
MOCTPOEHO MO TUMY JABYOOKOBOW CHUMMETPUHU (OHO IETUTCS CPEIMHHOM
IUIOCKOCTBI0O Ha JBE CHMMETPHYHBIC ITOJIOBHHBI) W XapaKTEPHU3YeTCS
HaJIM4ueM BHYTPEHHETo ckenera [3]

Pucynok 1 — Cxema oceii 1 TJIOCKOCTEi B Teje yesnoBeka: 1 —
BepTHKaIbHAsK (TIPOIONIbHAS) OCh;2 — (PPOHTANBHAS TUIOCKOCTh; 3 —
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TOPH30HTANIbHAS IJIOCKOCTh; 4 — MOTepeyHas 0Ch; 5 — CaruTTajlbHas OCh; 6
— caruTTajbHas IJIOCKOCTh

Uro0bl  Jydllle OpPUEHTUPOBATbCS  OTHOCUTEIBHO  B3aMMHOTO
MOJIO’KEHUsI dacTell B 4YEJIOBEYECKOM TeJle, HCXOIAT M3 HEKOTOPbIX
OCHOBHBIX IIJIOCKOCTEH 1 HaIlpaBJICHUM, IPEJCTaBIeHHBIX Ha puc. 1 [3.4].

[Ipu onvicaHuM MOJIOKEHUS Tea B IPOCTPAHCTBE MPHUHATO BBIIEIATH
CJIeIyLINE TPYIIBI TEPMUHOB!

. 1O OTHOIIEHHMIO K BEPTHKAIBHOMY IIOJIOXKEHHIO Tena
YIOTPEONAIOTCS. TePMHHBI — «BEPXHHH», «HIKHHNY, «IIepEeITHHIY,
«3aIHUN»

2. IO OTHOUIECHUIO K CPEJUHHOM IIOCKOCTH HCIOJIB3YIOT TEPMUHBI
«MearanbHO» (OIIDKe OT He) U «J1aTepaibHO» (TalIbIle OT Heé);

3. mpu 00O3HAYCHUU MPOCTPAHCTBEHHBIX OTHOLICHHN COETUHCHUS
KOHEYHOCTEH ¢ TYJIOBHIIEM YIOTPEOISIOT TepMHUHEI «Proximalisy (Gimke
oT Mecta coeauneHusn) u «distalis», (manbiie oT MecTa COeMHEHHMS).

Jns onmcaHus OBIDKEHMH Tella 4ejoBeKa B MPOCTPAHCTBE Hambolee
9acTO TPHMEHSIIOT KHHEMAaTHYeCKHe MOJENH Ha OCHOBE YPaBHEHHH
JIBUKCHUS CUCTEMBI TBEP/IbIX TeJl. J[aHHBIE TEJla COOTBETCTBYIOT OT/IEIbHBIM
CerMEHTaM Tela MO0  TEeOMETPUYECKMM M MacC-MHEPLUOHHBIM
XapakTepUCTUKaM. Bce 31eMeHThl MoJieNny COeANHSAIOTCS. BPALATeIbHBIMU
HIapHUpPaMH, JUANA30HbI IOBOPOTOB KOTOPBIX COOTBETCTBYIOT aMILIUTYAaM
VIJIOBBIX JIBIJKCHHH CyCTaBOB, MCXAaHHUECKHE CBSI3U MOJEIH C
OKpYXKarolleil cpefod YacTo 3aMEHSIOT JEHCTBUEM CHJI PEaKIHUH, YTO
MO3BOJISET COXPAHATh CTPYKTYPY MOJEINU MPU Pa3INYHbIX ABHXKEHUSX [4].

KunemaTtnueckast Mozienp onopHo-aBurarenbHoro anmnapata (OZA)
YeJI0BeKa OCHOBBIBAETCS HA IPUHIIUIAX MEXaHUKH, [TOIBUKHOE COEAMHEHHE
JIByX 3BEHBEB, HAXOJSIIUXCA B HEMOCPEACTBEHHOM CONPHKOCHOBEHUH,
Ha3bIBAIOT KWHEMAaTHYeCcKOoW mapoil. B nmaHHOW Mojenu KUHeMaTH4YecKue
mapbl MOT'YT UMETh BpalllaTeIbHBIN U OCTYNATENbHBIN XapaKTep ABIKEHUS,
KOTOPBIM B 3aBHCUMOCTH OT 4MCJIa OFPaHUYEHUH MOTyT UMeTh OT 1 g0 5
creneHelt cBoOozapl. Ha pucynke 2 moka3ana kuHemarmdeckas cxema OJ1A
9YeJIoBeKa, HAa KOTOPOH KOCTH TIPEACTaBI€HH B BH/AE 3BEHHCB
KMHEMaTHUYECKOH 1IeTH, a CyCTaBbl — KHHEMAaTHUYECKUX Map.
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Prcynok 2 — CTpyKTypHas cCXeMa OIOpHO-IBUTATEILHOTO anapara
yenoseka (mo A. Moreckietal, 1981)

qTOGBI BOCITPOU3BCCTHU ABMIKCHHUA TCJIa YCJIOBEKA, B MOJCIIAX M3
MAaKCUMAJIbHO BO3MOXKHBIX HICCTH HU3MEPACMBIX ,IIBI/I)KCHI/Iﬁ Il KaXXKJ01ro0
TBEPJIOr0 3BEHA, KOr/Ia OHO HE MPUCOCIUHEHO K COCEAHUM 3BCHBSIM, IPHU
HAJIOKCHUHU KHHCMATHUYCCKUX c13513ef/'1 HCKIIFOYAKTCA BCEC HOCTyr[aTeJH:HBIe n
OCTarOTCs JIMIIb BPpaIllaTCIIbHbIC ABHXKCHUA, ITPUYIEM HEPEAKO ,Z[OHYCKaIOTCSI
TOJIBKO HEKOTOPBIC BpaAllaTCIIbHBIC IBMIKCHUS U3 TPEX BO3MOKHbBIX.

dopMyita TSt OnpeeiieH s yucia creneHeit ceoooasl OJIA B riemom:

n=6N—Y7_;iP, (1)

rae N — YKCJIO CTEIIEHEH CBOOOIBL;

N — YHCJIO IMIOABMKHBIX 3BCHBECB B MOJICIIN TCJIA,

| — 4KCII0 OrpaHMYEHHH CTEIEeHEH CBOOOIBI B COEIUHEHUIX-CYCTaBaXx;
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Pi — unci0 coeuHEHUH ¢ | OrpaHUYeHHUAMHE, IIPU 3TOM Y. iP; = N —

Oo6miee gncino creneneii cBoO0/bI Tena YeI0BeKa MpH UCIIOIb30BAHIN

nmaHHOU Momenu cocrasiser (A. Moreckiet al., 1969):
6 %144 —5%81 —4%x33—-3%29 =240

JaHHasi MoJeNb OYeHb TI'POMO3JKA JUIS MOCTPOCHHS ABHXKCHHUI B
BBIYHCJICHUSX, [I09TOMY Ha IPAKTHKE JEJIAI0T CICIYIOIINE ITPEITOI0KCHHUS
[4]:

1. 3BeHBS MOJIENIH a0COIIOTHO TBEP/BIC;

2. TeOMETPUYECKHE TapaMeTphl 3BEHHEB MOJEIH COBIANAIOT C
COOTBETCTBYOIIMMH ITapaMeTPaMu CErMEHTOB TeJla YEJIOBEKa,;

3. 3BEHbsI MOJIC/TH COCIUHEHBI B HJCATbHBIC KHMHEMAaTHUCCKHUE Haphl
11l xacca (rapoBBIMU IITIAPHUPAMH).

12, Left Upper Arm

_~13. Left Forearm & Hand
. IV
:'17. Lower »

7 Trunk

3. Right Thigh / 6. Left Thigh
2. Right Shank /s. Left Shank
: Y3

Zy Z,

PucyHnok 3 — Pa3HOBHIHOCTH MOJIENIH TeJa YesoBeka mo Hanavan

64



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

OpHUM U3 pe3yabTaTOB MPOBEACHHS ITIOZOOHBIX JOMYIICHUH SBISIETCS
MOJIENIb YEeTIOBEYECKOTO Teja, IpemoxkeHHas Hanavan (1964), omna w3
MOIUGUKAINA JTAaHHON MOJIENN TIOKAa3aHHAs Ha PUCYHKE 3.

Ha pucynke 3 Momemp oTIMyaeTcs OT  KJIACCHYCSCKOU
MATHAIATU3BEHHOM MOJIeT Hanavan ympoieHreM KHCTEBBIX IIapHUPOB.
Jis pemenns 3amadd oOImIeH (opMmanu3alMyd Tella B IPOCTPAHCTBE Ha
JAHHOM JTare JaHHBIMHU MIApHHUpPAMH MOXKHO NpeHeOpedb, MPUHSIB HUX 32
KOHIICBBIC TOUKH.

O030p cylecTBYIOUIUX IPOrPAMMHBIX CPEACTB MOAETUPOBAHUSA
H pacyeTa OHMOMEXaHHMYECKUX XapakTepucTuk. Ha ceromusmuuii neHp
CYIIECTBYET OOJBIIIOE KOTHMISCTBO IIPOTPAMMHBIX CPEIICTB MOICITUPOBAHUS
OMOMEXaHUYECKUX XapPaKTEPUCTHK TENNa YeJOBEKa, KaXI0e W3 KOTOPBIX
uMeeT CBOM (DYHKITMOHATBHBIE OCOOCHHOCTH W c(ephl MPUMEHEHHUS.
Paccmotpum Hambomee UCHOIb3yeMble Ha CETOAHALTHUN ICHb.

MCS Software. Visual Nastran 4D. JIaHHBIM IPOJYKT NMPEICTABISAET
co00lf MPOrpaMMHYI0 HWHXXCHEPHYIO Cpely C JOCTaTOYHO OOJIBIION
(hyHKIIMOHATEHOCTBIO, TIO3BOJISIOIICH BEITIOJTHATH pacdeTsl
WHTETPUPOBAHHOTO IBIKCHUS KHHEMAaTHIECKAX 3BEHBEB H MOJICIIPOBAHIE
WX JUHAMHUKU B OJHOHN cpene. [loMumo 3TOro, MaHHas cpeia BBITOIHSCT
MOJNEPKKY mpakTtuuecku [yt Jroboir cucremsl CAIIP/CAD  uepes
cTaHmaptHele GopMatel (ainoB. [IpoeKTHPOBIIMKH B TpoIecce padoThI
MOTYT OIICHUTh JUHAMUYHBIH XapakTep MpoOieMbl M CMOAEIHPOBATH BCE
TEJNO, a He TOJBKO OTAEIbHbIC Y3JBI, YTO NPUBOJUT K OoJiee TOYHBIM
pacueTaM M pe3yabTaTaM C HMOMOIIBI0 IMPUMEHIEMOTO METOAa KOHEUHBIX
anemeHToB (FEA). Visual Nastran 4D sBisieTcs HEOThEMJIEMOW YacCThIO
mporiecca  IPOCKTHPOBAHUS — IyTEM  YCIENIHOTO  pa3BepPTHIBAHHS
MOJICIMPOBAHUS B paMKaX BCETO MPoIecca MPOCKTHPOBAHUSL.

[IpeumymecTBa JAHHOTO MPOIYKTA:

- pacdeT  KOMIUIGKCHOTO  JHHAMHYECKOTO  JABIDKCHHS U
MoaenupoBanue FEA B ogHOM cpene;

- oJIepXKKa CTaHAapToB OonbimHCcTBa CAD;

- TOAmepKKa aHUManud U (YHKIHOHATBHBIX BO3MOXKHOCTH
BU3yaIM3aluu cpeacTBamu Busyanuzaunu MSC.Nastran;

- TTOJTHBIN IMKJI MOJICTUPOBAHMS U MIPOCKTUPOBAHIIS,

- pacyer KOMIUIEKCHBIX JWHAMHuYecKUX JABkeHud u FEA-
MOJICIIMPOBAaHUS KaK KaXJIOr0 y371a B OTAEIbHOCTH, TaK U CUCTEMBI B IIEJIOM;

- yYeT OrpaHMYCHUN U HAarpy30K MPU MOJCINPOBAHUH JBIKCHUI.

65



MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

Pesynpratel FEA-mMonenupoBaHus MOTY OBITH DKCIIOPTHPOBAaHBI B
npunoxerne Simulink MATLAB, 4ro0b HCIONBK30BaTH PACHIMPEHHOE
MozenupoBanue [6].

LifeModeler. JlaHHBII TPOAYKT MO3BOJIAET CO3/aBaTh BUPTYaJIbHBIC
MPOTOTHUIBI, B BHJE MEXaHHUCCKUX KOMIBIOTCPHBIX MOJEJICH, KOTOpHIC
IIUPOKO HCIOJB3YIOTCS MHOTUMH HCCIIECAOBATEISIMH U KIMHHYCCKUMHU
crienanucTaMd A m3ydeHus aBwxkeHus. LifeModeler cnocoben
TeHEPHPOBATH YEJIOBEUECKHE MOJCIH C YPOBHEM CJIOXKHOCTH, HAUWHAS OT
MPOCTHIX 10 OYCHH CIIOXKHBIX PEIICHHE MIMPOKOTO KPyra MPUMEHEHHUH OT
CIIOPTHBHON  NEATCIFHOCTH JO  OICHKA TPaBMBI, OT TIOXOJAKH
MOJICTUPOBAHUS IS KOM(POPTa BO BPEMsI €311l aBTOMOOWIIS U T.11.

B paMkax mpoeKTHpPOBaHUS U pacyeTa MBUKCHUS OMOMEXaHUUCCKUX
XapaKTEePUCTHK MOXKHO TIPEJACTABUTh MOJIENIb Tejla YeloBeKa JIF000M
cioxHOCTH. Mogens OyAeT mpeacTaBicHa CHCTEMON CO MHOKECTBEHHBIM
BXOJIOM M MHOXeCTBeHHBIM BbIxoaoM (MIMO). Cucrtema ympaBieHUs
MOJIENBIO TaKXK€ MO3BOJISIET MCIOJIB30BaTh MPOIPUOIICTITUBHYIO OOpaTHYIO
CBSI3b COCTOSIHMIH CETMEHTOB Teia (TONOXKEHHE, CKOPOCTh, KOHTAKTa C
MOJIOM U T.1.), IUTSI CO3IaHUs MOJIEIH aKTUBAIIH MBIIIIII.

IMpu momomu LifeModeler MoxHO cTpouTh  yHpaBiIsieMble
YeJOBEYeCKHe  MOAEIM C  HWCIOJB30BaHHEM  II0JIb30BATEIILCKOTO
rpadudeckoro uHTEpQeiica. IT0 MO3BONIACT MEPCOHATHIUPOBATE KAKIYIO
MOJIeNb ¢ TAKUMHU (DYHKIMAMH, KaK IapaMeTPHIeCcKOe FeOMETPUH TBEPABIX
TKaHE M COBMECTHOM OpHEHTAIMM OCH, T€OMETPUM MATKUX TKaHEW M
KOH(UTypaIiy, a TaKKe Ha KOHTPOJUIEP CHCTEMBI, KOTOPHI MOXKET OBITH
HACTPOEH Ha COCTOSIHAE KOHKPETHOTO HCCIIEAYEMOrO TalieHTa.

Jis  KOMITEHCAllMd KWHEMATUYCCKHX OrPaHWYCHUH B CHCTEME
MPOU3BOJUTCS HACTPOMKA W aJanTalus KOHTPOUIEpa K KOHKPETHBIM
YCIIOBHSIM CPEIBI M UCITHITYeMOT0 00hekTa (TTanuenTa). O0mast HaIe)KHOCTh
U TOYHOCTh KOMIICHCAI[MM KOHTpoyjiepa OyAeT CBA3aHAa C YHCIOM
UCHBITYEMBIX ¥ TOYHOCTU SKCHEPUMEHTAIBHBIX HaHHBIX, KOTOPBIE
HEOOXOMMO MOTy4YaTh B pe3yibTaTe UccienoBanus [7].

SIMM. TIlpencraBuser co0OH MOIIHEI HA0OpP WHCTPYMEHTOB,
KOTOPBIH OOJIerdaeT MOJENWPOBaHUE, aHUMANWI0 W aHamu3 cucreM 3D
OJA. B SIMM Mozenb ONMOPHO-IBUTATENILHOTO ammapara COCTOUT W3
MPECTABICHUA KOCTEH, MBIIII, CB30K U NPYTHX CTPYKTYp. [Iporpamma
MO3BOJISIET IPOBOJUTH aHAJIM3 Ha MOJIEIT OIIOPHO-IBUTATEILHOTO alapara
MyT€M BBIYHCICHUS MOMEHTOB CyCTAaBOB TakuM O0Opa3oM, YTO KaxKaas
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MBIIIIAa MOXET TeHEpUPOBATh B JIOOOM IOJIOKEHUU Tela. MaHUIyIupys
MOJIENIBI0 C HCIONb30BaHWEM rpadudeckoro mHTepdeiica, MOIB30BATENb
MOJKET OBICTPO HCCIIEAOBATh BIHSIHUEC U3MEHEHUS OMOPHO-IBUTATEIEHOTO
ammapaTa, TEOMETPUIO M JIpyrHe mapaMeTpbl Mopenu Ttena. SIMM
UCTIOJIB3YETCS] COTHSAMH OHMOMEXAHHKH HCCIIeOBATeNIeH JUIs CO3IaHuUs
KOMIBIOTEPHBIX MOJIENICH CKEIIETHO-MBIIICYHBIX CTPYKTYP U UMHTHPOBATH
IBIDKEHUS, TAKHE KaK X0/p0a, e371a Ha BeJIocune e, Oer, MpbLKKH, TsDKeTast
aTJIETHKA, JOCTUrasi 1 METaHUSI.

Mopayns nuHamuka B SIMM 1o3BoJI€T MOJb30BATENSM BBINOIHSTD
mpsMoe W oOpaTHOe  OUHAMHYEeCKoe  MojenupoBanme. Ilpsmoe
MOJICIUPOBAHUE MOXKET pPACCUNTATh IBIDKEHHE ¥ KOHTAKTHBIX CHI,
BO3HHUKAIONIMX W3 YKAa3aHHBIX MBIINICYHBIX BO30YXKICHHH, 00OpaTHOE
MOJICIUPOBAHUE MOXKET BBIYMCIIATh MBIMICYHBIX AKTHBAIUHA W CHIIBI,
HEOO0XOAUMBIC ISl TEHEPAIlUH 3a1aHHOTO ABIDKEHHS. DTH PacdeThl MOTYT
OKa3aTh 3HAYUTEIbHOE IMOHUMAHHE MPUYMH HAPyLIICHUHA JBIDKEHUS,
OKUIAEMBIX IOCJEACTBUI BO3MOXKHBIX METOAOB JICUCHHS, a TaKXKe MpU
pa3paboTKe KOPPEKTHPYIOUINX YCTPOUCTB.

OpenSim sBIsSETCS MOIIHBIM B CBOOOHO JOCTYITHBIM HHCTPYMEHTOM
JUTS. MOJCITHPOBAHUS CTPYKTYPHI YEJIOBEYECCKOTO Tella U MOJCIUPOBAHISI
nswxenns [9, 10].

OpenSim ObuT pa3paboTaH, YTOOB TPOIBUHYTH HCCIICIOBAHHE
OmoMexaHukd, oOecrieynBas  OOINYHO OCHOBY /i IPOBEICHUS
HCCIIeIOBAaHUI 1 CO3/IaHUI0 0aHKa OOMEHa CIIOKHBIMHU MojeasaMu OJJA.

OnHO¥ W3 3a/1a4 TPOMYKTA SBISAETCS 00ECIeUeHUE HCCIIe0BaTeNei
CBOOOIHBIMHA W IITUPOKO JOCTYIHBIMH HHCTPYMEHTAMHU [UIS IIPOBEICHIII
UCCIICZIOBAaHUI MOJICTUPOBAHUS TIPOIIECCOB OMOMEXAHHKH, YIPABICHHS
JIBUTATEIEHOW aKTUBHOCTH YEJIOBEKA U YEIOBEKO-ITOTIOOHBIX MEXaHU3MOB.
OpenSim oOecrieynBaeT MIMPOKHIA CIICKTP UCCIICAOBAHIMA, BKIIIOYAsT aHAITN3
JUHAMUKH X0/1b0a, N3yYeHHUE CIIOPTUBHON NEATEIBHOCTH, MOJACINPOBAHUS
XUPYPTUYECKUX MpOLEAYp, aHAIU3 COBMECTHBIX HArpy3okK, pa3paboTka
MEIWIMHCKUX TNPUOOPOB, a TAaKKe AHUMAIIMHM JBIKCHHS YENOBEKA U
KUBOTHBIX. [Iporpammuoe oOecmeueHHe BEHITIONHSACT aHAIW3 33134
0o0paTHOM MUHAMUKA IBIDKEHUS W MOJACIHpOBaHUsS ABmkeHHA. OpenSim
ucnoib3yercs oosee yem B S00 OMOMEXaHUYECKUX JIAOOPAaTOPHil IO BCEMyY
MUpPY ISl W3YYCHUS IBIDKEHUS M HMEET COOOIIECTBA pa3pabOTUMKOB
MPOrPaMMHOr0  OOECHEUYCHHS, CIIOCOOCTBYIOIIMX CO3JAaHHIO  HOBBIX
(byskuui npunoxenus [9].
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Hoaxoa k popmanuzanum GHOMEXAHMYECKOMH JeTeJbHOCTH Ha
OCHOBe He4YeTKHMX HHTepBajoB. OnucaHHbE BbIIIE IPOrpPaMMHBIE
MPOAYKTHl TIO3BOJISIIOT TPOBOJUTH KadeCTBEHHBIH aHAIW3, HO TPeOyroT
JIOCTATOYHO OOJIBIIIOTO KOJIMYECTBA BPEMEHHBIX 3aTpar Ha (opMUpOBaHHE
aJIEKBAaTHBIX MOJENEHN I UCCIEAYEMON 3a/1aUH.

Jns  yopormeHWs BpPEMEHHBIX 3aTpaT Tpu  (hopMaM3aIruu
MPEICTaBICHUS 3BEHBEB MOJEIH 4YEJIOBEYECKOrO TelNa OCHOBHEIC
KMHEMaTHYEeCKHE Y3716l MOXHO TMPEICTaBUTh B BHIC HEUCTKUX U
JIMHTBUCTHUYECKUX EPEMEHHBIX.

Heuerkast nepeMeHHast XapaKTepU3yeTCsl TPOUKOU

<alXA>,

riae a — M3 TIEPEMEHHOH,

X — yHUBepcalbHOE MHOXECTBO (00JIACTh OMpPEAETCHUs &),

A - HEYeTKoe MHOXKECTBO Ha X, ONMHUCHIBAKOIEE OTrpaHHuYeHHUE (TO
ecth WA (X)) Ha 3HAUCHHE HEYETKOW IIepeMEeHHOM .

JIunrBucTUyecKkas nepeMeHHas onpeaenseTcs Kak KOpTex:

<pBTXGM>,

rie: [ — HauMCHOBaHWE WM HA3BaHUC JIMHI'BUCTUYICCKOUN
MEPEMEHHOM;

T — 6a30BO€ TEPM-MHOKECTBO JTMHIBUCTHUYECKOH MepeMeHHO11;

X — o0nacTh onpeneieHNs] HEYETKUX EPEMEHHBIX, KOTOPHIE BXOIST
B OIPEJICIICHUE IMHTBUCTHYECKON IEPEMEHHOH 3

G — CcUHTaKcHYecKass IPOLEAypa, OMHUCHIBAIOMIAS  IIPOIECC
TEHEPUPOBAHUSI W3 MHOXKECTBA 1 HOBBIX 3HAYEHUN JUIsl JaHHOU
JIMHTBUCTHYECKOMN MEepEMEHHOM;

M — cemanTHyecKkas NpoUeaypa, COMOCTABIIAIOIIAsA KaXKI0OMy HOBOMY
3HAQYEHUIO [JAHHOM JIMHTBUCTUYECKOM MEPEMEHHOM, IMOJIyd4aeMOMYy C
MOMOIIBI0  Tpoueaypsl G, HEKOTOpOe OCMBICICHHOE COJAEpKaHHe
MOCpeCTBOM (POPMHUPOBAHUS COOTBETCTBYIOIIETO HEUETKOTO MHOXKECTRA.

B kauecTBe mpuMepa 3agaHHs JMHTBUCTHUYECKHUX IPHMEPOB
paccMOTpuM, HallpUMep, IBIKEHUE B JOKTEBOM CycTaBe yeloBeka. O0nacTb
IBWOKEHUs ¢ coctaBisieT ot 0° Ha pasrude u 1o 140-160°na crube [5].

dopmanuszaryisi CyObEKTHBHOW OIICGHKU JIBHXKCHHS B JIOKTCBOM
CycTaBe MOXET OBIThb  BBHIIOJHEHA C  TIOMOIIBIO  CIEIYIOIICH
JIMHT'BUCTHYECKOW MepeMEHHON

Bl =<p1,T,X,G,M >,
B1 — nBMXKEHUE JIOKTS;
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T = {«pa3orHyT», «BEPTUKAILHOY», KCOTHYT» };

X =1[0,160];

G — mporenypa oOpa3oBaHUs HOBBIX TEPMOB C MOMOIIBIO CBSI30K
norudeckux cBs3ok «M», « 1JIN» u Momudukaropos trma «o4deHs», «HE»,
«cIerka» u Aap.

M — npouenypa 3aganus Ha X = [0, 160] HeueTKkux nmepeMeHHbIX al
= «pa3oTHyT», Q2 = «BEPTUKAIbHO», 3 = «COTHYT», a TaKxKe
COOTBETCTBYIOIIMX HEUCTKUX MHOXecTB s TepmMoB u3 G(T) B
COOTBETCTBUU C TMpPaBHJIAMH TPAHCIALWU HEYETKUX CBSI30K W
moauduratopoB «M», «JIN», «HE», «o4eHby, «cnerka» (a4 = «cierka
pa3oTHYT», A5 = «CJETKa COTHYTY).

OyHKIUSA TPUHAIISKHOCTA IUIsI JaHHOTO TpUMEpa MOXKET OBITh
BbIpaKeHa B BUJe (YHKIUM NpPUHAUICKHOCTH, 3amaHHOW B MATLAB,
JnaHHas (QyHKLIWS IPUHAUICKHOCTH IIPEACTaBIICHHA Ha PUCYHKE 4:

QyHEYMA NpuHagnexHocT "[BikeHne B nokte”
T T T T T T T

L

pasorHyT
CMerka pas3orHyT
EEPTUKANEHD
CMerka corHyT
COTHYT

0.9

0.8

07

0.6

A

05

04

0.3

0.2

01

[] 1 L 1 L
0 20 40 60 80 100

grad

1
120 140 160
Pucynok 4 — ®yHKIus IPUHAIICKHOCTH ABUKEHUS B TIOKTEBOM CYCTaBE

JaHHBEIM CTIOCOOOM MOXKHO ONWCATh JBIKEHHE BCEX MIAPHHUPHBIX
y35I0B Mozenu Hanavan, ucnosip3ysi OrpaHMYeHHs B BHJE aMIUIHTYIBI
JBIKCHUH pa3iMyHbIX yacTel Tena [3], mubo uCmob3yst a30yKy ABHKEHHIMA
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B OMOMEXaHUKH, TJie KOKAbIA [IAPHUD MPEICTAaBICH B BUAE OTPaHHYCHUS
NBIKCHUS Ha CrH0aHue, OTBEICHUE, TOBOPOT [4]

Takum 06pazoM MOXKHO (HOPMANTN30BATH TONHBINA HAOOP IBIKCHHUH
YejoBedeckoro Tema (Ha ocHOBe Mozenu Hanavan) B Buze
JIMHTBUCTHYECKHX TIEPEMEHHBIX JUIi MOCTPOeHHs oO0Iell  MoJenu
MIPEACTaBIICHNS TeIa B IIPOCTPAHCTBE.

3akiarodyenne. B cratbe ObUT paccCMOTPEeH MOAXO0A K (popManiu3anuu
OMOMeXaHNKH KHMHEMAaTHYECKHX Y3JIOB Tejla 4YelloBEeKa, MPOU3BeiIeH 0030p
MPUKIAAHBIX TPOMYKTOB, BBHIMONHSIONINX MOAEIHUPOBAHAE W PacdeT
IIBIYKCHUH YeIOBeKa B MIPOCTPAHCTBE. B BUAY TOTO, 9YTO JaHHBIC TPOAYKTHI
TpeOyIOT MOCTATOYHO UIMTENBHBIX BPEMEHHBIX 3aTpaT Ha TOATOTOBKY H
CO3/IaHMe MOJENN HCCIEAyeMOro 4YeJoBeKa, IpeyiaraeTcsi IOAXOJ K
(dopManM3anuy IBIKSHHS Tejla YelOoBeKa Ha OCHOBE HEYETKOH JIOTHKH,
paccMOTpeH TpHMEp ONHCAHHWS OJHOT0 W3 KHHEMAaTHYECKHX Y3JIOB
YeJIOBEYECKOr0 Tela Ha IPHUMEpPe JIBUKEHHS JIOKTEBOTO CYCTaBa.
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Cexyus 2. @ynoamenmanvHsle 0CHOBbl, ANNAPAMHbBIE U
npozpammusle cpeocmea PyHKUUoOHaANbHOU
OUAZHOCMUKU U mepanuu

PA3BPABOTKA BUOMEXAHUYECKOI'O METOJA
HNCCIIEJOBAHUSA COCTOAHUA JEOOPMUPOBAHHOI'O
I'PYJHOI'O OTAEJIA IO3BOHOYHUKA ITPU PA3JIMYHBIX
HAT'PY3KAX
Babuuna [1.1., Jlebeoesa E.A.
Cankr-ITeTepOyprckuii rocy1apCTBEHHBIN AIICKTPOTEXHUYCCKHH
yauBepcureT «JIOTU» um. Ynbsaosa (Jlennna)
e-mail: babchina.polina@yandex.ru

Annorarust. [lenpro uccienoBaHus SBISETCS pa3paboTKa MeToja
HCCIICZIOBAHUS COCTOSHUS Ie()OPMUPOBAHHBIX CTPYKTYpP TPYIHOTO OTHENa
MO3BOHOYHUKA TPU Pa3IMYHBIX HArpy3kax Uil [epCOHATU3AINU
orpaHuyeHni GU3NYECKON aKTUBHOCTH M YJIYYIICHHUS Ka4yeCcTBa KU3HU.

Bagaun:

» COOp KIIMHUYECKUX U IKCIIEPUMEHTAIBHBIX JaHHBIX;

* Aranu3 nehoOpMUPOBAHHOTO COCTOSIHUS;

* Pa3paboTka aJropuT™Ma Co37aHusl KOHEYHO-3JICMEHTHON MOJICIH;

*» Co31aHue KOHEYHO-3JIEMEHTHON MOJICIIH;

* [IpoBesieHIE IKCIIEPUMEHTOB HATPYKECHUS U BBISBICHHE

3aBUCUMOCTEH (B Iporiecce);

* Pa3paboTka anroputma HUCCIENOBAaHHS COCTOSIHUSI CTPYKTYP HpH
Harpyskax (B mpormecce).

BuiBogbr:

B pabote mpemioeH airopuT™M CO3JIaHUS KOHEYHO-3JIEMEHTHOM
MOJICIM Ha OCHOBE pCAIBHBIX HCCICAOBAHHA C BO3MOXKHOCTBHIO
MOCJICAYIOIIETO MPOBEACHUS PAa3IUYHBIX JKCICPHUMEHTOB. AJITOPUTM
BKIIIOYaeT B ce0S KOMOMHHMPOBAHHOE HCIIONb30BAHHE PA3IMYHBIX
MPOrpaMMHBIX [IAKETOB, YTO MO3BOJISIET HanboJIee OBICTPO U TOYHO JIOCTHYB
KEIAeMOT0 Pe3yNbTaTa IMPH MOCTPOSHUH MOJEITH CETMEHTA TT03BOHOYHHKA.
ANTOpUTM MOAETHPOBAHMS BKIFOYACT B Cce0s TAKWE ATAlbl, KaK IMOJHAS
BH3yaIIN3aIisl CTPYKTYP MTO3BOHOYHHKA, IIOCIIOMHOE CO3/IaHNE TPEXMEPHOU
MOJICJTH BBIOPAHHOTO CETMEHTa, 00paboTKa M IEepEeBOJ MOJENH B (opmar
«STLy», wucmonp3yeMbplii B MPOTpaMMax, IO3BOJISIONIUX IPOBOJHUTH
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pa3NuyHBIC OKCICPUMEHTHI HAa TPEXMEPHBIX MOJACIAX. AJTOpUTM
OCHOBBIBAETCS HA WCIIONB30BaHHU CICAYIOMHMX MPOrPAMMHBIX IAKETOB:
DICOM Viewer (Inobitec, Tpnan-sepcus), Mimics, MeshLab, Solid Works.
Hcnonp30BaHre MPOrpaMMHBIX MAKETOB B TAHHOM MOPSJIKE 00ecreunBaeT
ObICTPOE W TOYHOE MOCTPOCHUE TPEXMEPHOH MO MAaKCHMAIBHO
NPUOIIMIKEHHON K PealbHOM CTPYKTYpE Kak MO FEeOMETPUYECKHM, TaK U I10
OuMOMexaHHYeCcKHM MapaMerpaM. KOHEYHO-IEMEHTHOE MOJCINpPOBaHHUE
SBJUICTCS ~ B@XKHBIM ~ ITallOM  IIOCKOJIbKY — IIO3BOJISIET  IIPOBOJHTD
UCCIIEIOBaHUsl COCTOSIHUSL CTPYKTYp IpPH Pa3iIWyHBbIX Harpys3Kax ITyTeM
NPWIOKEHHST DKBUBAJCHTHBIX HAarpy3ok K Mognenu. Vcmonb3oBaHue
TPEXMEPHOH KOHEYHO-3JICMEHTHOH MOJENN CerMeHTa Ae(hOpPMUPOBAHHOTO
TPYAHOTO OTHAeNa TO3BOHOYHHMKA SBISCTCS HEOTHEMIIEMOW YacThIO
pa3paboTKK  MeToJa HCCICJOBAHUS COCTOSIHUS e OPMHUPOBAHHBIX
CTPYKTYp TPYJHOTO OT/eja O3BOHOYHHUKA IPH PA3INYHBIX HArpy3Kax JUist
HEePCOHANN3ALMN OTPAaHUYCHUN (GU3MYECKOH AKTUBHOCTU M YJTy4LICHHS
KauecTBa KU3HH.

KiroueBble  cnoBa:  KOHEYHO-DJIEMEHTHOE  MOJECIUPOBaHHE,
MO3BOHOYHUK, TPEXMEpHasi MOJeIb, MOJICNIb II03BOHOYHHKA, OOMEXaHUKa,
OrOMexaHUKa MO3BOHOYHHKA, HATPY3KH HA MO3BOHOYHHUK.

METHOD DEVELOPMENT BIOMECHANICAL STUDY OF THE
STATE OF THE THORACIC SPINE DEFORMED UNDER
DIFFERENT LOADS
Babchin P.I., Lebedev E.A.

Saint Petersburg State Electrotechnical University «LETI»
e-mail: babchina.polina@yandex.ru

Annotation. The aim of this study is to develop a method for
investigating the state of the thoracic spine deformed structures under
different loads for personalization limitations of physical activity and
improve quality of life.

Tasks:

« Collection of clinical and experimental data;

* Analysis of the deformed state;

* Development of an algorithm of creating the finite element model;

* Create a finite element model,;

* Carrying out the loading experiments and identifying dependencies
(in progress);
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* Development of algorithm research state structures under load (in the
process).

Conclusions:

In this paper we propose an algorithm for creating finite element
models based on real research with the possibility of subsequent conduct
various experiments. The algorithm includes the combined use of different
software packages, allowing more quickly and accurately achieve the desired
result in the construction of a model of the spine segment. Simulation
algorithm includes such steps as complete visualization of the spine
structures layer by layer creation of three-dimensional model of the selected
segment, processing and transfer model in the «.STL» format used in
programs that allow to carry out various experiments on three-dimensional
models. The algorithm is based on the use of the following software
packages: DICOM Viewer (Inobitec, a trial version), Mimics, MeshLab,
Solid Works. Use of software packages in this manner provides a fast and
accurate construction of three-dimensional model as close to the real
structure of both geometric and biomechanical options. Finite element
modeling yavdlyaetsya important step because it allows you to carry out
research on the state of structures under different loads by applying a load
equivalent to the model. Using three-dimensional finite element model of the
deformed spine thoracic segment is an integral part of developing a research
method the state of the thoracic spine deformed structures under different
loads for personalization limitations of physical activity and improve quality
of life.

Keywords: finite element modeling of the spine, a three-dimensional
model, spine model, biomechanics, spinal biomechanics, the load on the
spine.

ITo omnenkam Bcemuproii Opranmzaruu 3apaBooxpaneHus (BO3),
pa3THYHBIME 3a00JEBAHUSIMH OIOPHO-ABUTATEIHFHOTO aImapaTa BO BCEM
Mupe crpagaet okoso 80% TpyaocmocoOHOro HaceneHus B Bo3pacte ot 30
mo 50 mer. 3aboneBaHus, BCTpEYAIOMIMECS HAWOOJEe YacTO, CBA3AHBI C
M03BOHOYHUKOM. B Poccuu, Mo HEeKoTophIM olleHKaM, pacrpoCTPaHEeHHOCTh
BEPTEOPOJIOTHICCKUX (BEpTEOPOIIOTHs- pa3iei OPTOICINH, 3aHUMAFOIITUICS
JIMarHOCTUKOH U JIeueHHeM 3a00JIeBaHHI ITO3BOHOYHHUKA) TIPOOJIEM C KOHIIA
XX Beka yBenmuuuBaeTcs exxerogno mpumepno Ha 30% [1]. Kpome Ttoro,
CTPEMHTENIFHO  BO3pacTaeT KOJMYECTBO JIIOJICH, CTpajaroluX  OT
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WCKpUBJICHUN  TO3BOHOYHMKA. B  cBolO  odepenb, HUCKpPUBICHUE
MTO3BOHOYHUKA BIIEYET 32 COO0I M3MEHEHUE OpraHn3Ma.

N3menenne OMOMEXaHWYECKHX IapaMETPOB IO3BOHOYHOTO CTONIOA
XapaKTepU3yeTcs H3MEHEHHEM (YHKIIMOHUPOBAHKSI OpraHU3Ma B IEJIOM H,
CJeOBaTEeNIbHO, BEAET K yXYAUIEHWIO KauyecTBa W  COKpAIEHUIO
MPOIOJDKUTEIHFHOCTH JKA3HHU denioBeka [2]. 3aboseBaHus, TPOSBIISIONIHECS
B BUJE€ HCKPUBICHHS MO3BOHOYHHKA, COMPOBOXKIAIOTCA O00s3aTEIbHBIMU
OTPAaHUYCHUSAMHU (PU3NUECKOM aKTUBHOCTH — OTPAHUYCHHBIM IIEpeYHEM
Pa3pelICHHBIX ABIKCHUNA W TOIHATHS TPY30B C MHUHHMAJIBHBEIM BECOM.
OrpanmyeHust aKTHBHOTO 00pa3a KU3HU HEOOXOAUMBI TSI TIOAICPKAHUS U
VIy4IIEHUs. COCTOSIHUS WCKPWBJICHHOTO TII03BOHOYHUKA, a TakKXkKe IS
UCKJTFOUCHUS TPOTPECCUPOBAHUS HCKPUBIICHUS.

[lpu ompeneneHUW TEX WIA HHBIX HArpy30K M OTPaHUYCHUIA,
HAIPaBJICHHBIX HA HCOPABICHWE WCKPHUBICHUS WIH TOAICPKAHUS
COCTOSIHUS, Bpayd HE MOTYT MPOCUYHUTATh ONTUMAIbHBIE U MaKCHMAIbHO
JIOMyCTUMBIE  Harpy3kd Ha  JeQOpPMHUPOBAaHHBIA TPyIHOW  OTAENd
MO3BOHOYHUKA W PYKOBOICTBYIOTCSl JIMINb CBOMM IPO(ECCHOHATEHBIM
onbITOM [2,3,4]. OrpanndyeHue TOMYCTUMBIX HArpy30K IPOUCXOIUT UCXOA
U3 OIPEIEICHHBIX KPUTEPUCB, BHE 3aBUCHMOCTH OT PEaTbHOTO COCTOSHHS
CTPYKTYp Je(pOPMHPOBAHHOI'O TPYTHOTO OTAETA TO3BOHOYHUKA.

Jiiss  ucKiIrOYeHUs] HEONAaronpUATHBIX W HU3KO Pe3yJIbTaTHBHBIX
OTpaHWYCHUN Ha TPYTHOH OTAEN TIO3BOHOYHHKA ITIPU TMOAJIEPKAHUU
COCTOSIHMSL TIO3BOHOYHMKA W HEHMHBA3UBHBIX METONAX HCIIPABICHUSA
UCKPUBICHUA HEOOXOAMMO pa3paboTaTh M BHEIPUTH B MEIUIIMHCKYIO
MPAaKTUKY METOJ MPOTHO3UPOBAHUSI COCTOSIHUSL CTPYKTYpP HCKPUBICHHOTO
TPYIHOTO OT/IENa ITO3BOHOYHUKA, TO3BOJISIONINI OTIPEICITUTh ONTHMAIBHBIC
U MaKCHUMaJbHO JIONMYCTUMBIC HArpy3kd. JIaHHBIH METON IOMOXET
MIEPCOHATM3UPOBATh OTPAHUYCHUS (PU3UIECKON aKTUBHOCTH M YIIYUIIHThH
Ka4yeCcTBO >KU3HU JIIOCH, CTPalaloINX HCKPUBICHUSIMH [T03BOHOUYHUKA

Metoz momxkeH ObITh OCHOBAaH Ha pe3yibTaTax OMOMEXaHMYECKOI'o
aHanmm3a KOHEYHO-3JIEMEHTHBIX COJIepKATEITHHBIX Moerneit
Ie(OPMHIPOBAHHOTO TPYIHOTO OT/ENa TIO3BOHOYHMKA. B mepByio odepenn
HEOOXOMMO TIPOBECTH OMOMEXaHUYECKOE FWCCICIOBAHNE COCTOSHHUS
CTPYKTYp JAe(OPMUPOBAHHOTO TPYIHOTO OTJENIa IO3BOHOYHHKA TMPU
CKOJIMOTUIECKHUX B KH(DOCKOTHMOTHUCCKUX UCKPUBIICHHSX.

Hnis 3TOoro HeoOXOIUMO Ha OCHOBE pE3yJIbTATOB, IMOJIYYCHHBIX C
MOMOIIIBI0 MEAULMHCKUX UCCIIEIOBAHUMN, IIOCTPOUTH KOHEYHO-3JIEMEHTHYIO
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KOMITBIOTEPHYIO MOJIeNlb, MAaKCHMAIIbHO TPHOIMKEHHYID K pPealbHON
CTPYKType TO (opMe M HaJeIuTh ee Haubojee CXOXKHMHU C pPeabHBIM
MTO3BOHOYHUKOM  OMOMEXaHWYECKHMH  XapakTepucThkaMu. KoHewHo-
3JIEMEHTHOE MOJIETTMPOBaHNE SABJSIETCS BaKHBIM OTAallOM  ITOCKOJBKY
MO3BOJISIET ITPOBOJMTE MCCIIEAOBAHUS COCTOSIHUS CTPYKTYP NPH Pa3InYHBIX
Harpyskax ITyTeM MPUIOKEHHs SKBUBAIEHTHBIX HArpy30K K MoJieni. Takum
o0pazom, JUis TPOBEICHHUS IKCIIEPUMEHTOB Ha TPEXMEPHOH MOIEIIH, MOJIENb
JIOJDKHA ~ COOTBETCTBOBaTh  CICAYIOIIUM TpPEOOBAaHUSM: C  BBICOKOHM
TOYHOCTBIO TTOBTOPSATH T€OMETPHIECKHE OCOOCHHOCTH 1e(hOPMHUPOBAHHOTO
CerMEHTa TPYJHOTO OTJeNia MO3BOHOYHHKA; O0BEM MOJIENH HE JOIDKEH
npeseimats  1000Kb, ¢dopmar «.STL»; ™Momems momkHa HIMETh
OroMexaHIYeCcKHe CBOMCTBA, IPUCYIIHE PEATLHON CTPYKTYpe.

Hcxons n3 BelenepenciieHHBIX TpeOoBaHU i, HEOOXO0 MM TOYHBIH 1
000CHOBaHHBI BBIOOp CErMEHTa MOJCITUPOBAHUSA, TOCKOIBKY 0O0beM
BOCITPOM3BOAMMOrO MporpaMmubiM rmaketoM Solid Works daiina sBasiercs
orpaHuuYeHHbIM. [l 3TOro HEOOXOOMMO IIPOBECTH HCCIEOBaHHE
TPEXMEPHOW MOJIENH BCETO MMO3BOHOYHUKA.

HccnenoBanue IpoBOANTCSA B HECKOIBKO 3TAlOB:

1. [TocraHOBKa 3amaud M BBIOOp CErMEHTa MOJEIUPOBAHUS
MO3BOHOYHHKA B PaMKax ITIOCTaBIEHHOH 3a1a4H;

2. Co3znanme cozepxaTeslbHON MOIeNTn

3. Co3manue TpPEXMEPHOH TIeOMETPHUYSCKOM MOIENIM CEerMeHTa B
nporpamme «Mimicsy;

4. Imnopt Monenu B porpammy Solid Works;

5. IlpoBenenue SKCIEPUMEHTOB HArpy >KEHNS;

6. O0paboTKa pe3yabTaTOB M BHISIBICHHE 3aBHCUMOCTEH.

IIporpamma DICOM Viewer ot komnanuu Inobitec B popmare tpua-
BEPCUH J]aeT BO3MOXKHOCTh Ha OCHOBE 3arpy>XKCHHBIX B Hee HCCIIEAOBaHUI
MOCTPOUTh TPEXMEPHYI Mojenb. Kpome Toro, B IporpamMMe ecTh
BO3MOXKHOCTb BBIOpaTh pa3ianyHble (UIBTPBI, TAKUE KaK BH]I HCCIICTOBAHUS
(Marnurope3onancHas tomorpagust -MPT- it KommnberotepHas
tomorpadust — KT), Tun cTpykryp (MATKHE TKaHW, Pa3IHIHbIE BHYTPEHHNE
opransl, koctd). [loMuMmo mpodero, mporpamMma IO3BOJIIET MPOBOAWTH
JMHEHHbIE W3MEpeHHs, TaKhe KaK: M3MEepeHHE BBICOTHI IT03BOHKOB,
n3MepeHne yria uckpueieHns 1o Ko60y (Meron wum3mepeHus
ckonmotudeckoid ayrm 1o KoOGOy: yrom ckommosza oOpa3syercs
MEePECEeKAIOINMUICS JTHHUAMHU, TPOXOISIIMMHU 10 HIDKHEW MOBEPXHOCTH
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BEPXHETO M BEpXHEH MOBEPXHOCTH HIDKHETO HEHTPATBHBIX MTO3BOHKORB). Ha
JAHHOM JTare o0ecreunBaeTcst OBICTpOe CO3/aHMe TPEXMEPHOH MOIENH,
TOYHO OTOOPAXKAIOIIEr0 CTPYKTYPHI IMO3BOHOYHMKA O€3 JOMOIHUTETHHBIX
TPYAOEMKHUX U IOJTUX HAacTpoek nmapameTpoB (Puc.1).

Ilpu BBIOOpPE cCerMeHTa MOJIENUPOBAaHUS HEOOXOJMMO Y4YecTb
CIIEAyIOIee: CerMEeHT JOJDKeH CoJepkaTh B cebe OCHOBHYIO IyTy
UCKPUBJICHHST; OBITh OTPAHUUEHHBIM 110 KOJIMYECTBY ITO3BOHKOB, TOCKOJIBKY
€CTh JIUIMUT WHGOPMAITUU BOCIIPOU3BOAUMOM mporpammon. Jlns Haubonee
TOYHOTO BBIOOpPAa CETMEHTa MOJEIHPOBAHHMA HEOOXOAMMO BH3YyaJbHOE
TPEXMEpPHOE MPEACTaBICHUE CTPYKTYP JAe(QOPMHPOBAHHOTO TPYAHOTO
orhena Mno3BoHO4HUKA. PucyHok 1 «lllelinplii W rpyAaHOHl OTHENBI
MO3BOHOYHMKA. Bupj cneBa, cmepenu, c3aaum» SBISETCS BHU3YalbHBIM
TPEXMEpPHBIM  NPEACTABICHUEM  IWIEHHOrO0 M  TIPyJHOrO  OTJEIOB
MO3BOHOYHHKA B TPEX MPOEKLUX, 10 KOTOPOMY OTUETIMBO BHIHO, YTO B
TPYIHOM OTAENE NMPUCYTCTBYET UCKPUBIEHUE MO3BOHOUHMKA. TpexMepHast
MOJIeNIb OCTPOEHA Ha OCHOBE PE3yJIbTaTOB MCCIEAOBAHUS KOMIIBIOTEPHOMN
TOMOTpaHH.

Pucynok 1 — lletinbrit 1 Tpy1HOM OT/AENBI TO3BOHOYHHUKA. Brj ciesa,
crepeu, c3aau

Jlanee HeoOXOaUMO CO37aHHE TPEXMEPHOW MOJEIM CerMeHTa
Je(hopMHUPOBAHHOT'O TPYAHOTO OT/IENa MO3BOHOYHUKA, MAaKCUMaIbHO TOYHO
MTOBTOPSIOIIEN TEOMETPUIO pealbHONU CTPYKTYPHI. I 3TOTO HCTIONb3yeTCs
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MEIUIMHCKUM IporpaMMHBIA makeT «Mimicsy, mo3BOISIONIHMA IOCTORHOE
co3aHne TpexMepHoi Mopenu. IIpoexT Momenn B mporpamme «Mimicsy»
co3maercs W3 W300paKEeHWH  MHOTOCIIMpPANbHOH  ToMorpadwy,
COOTBETCTBYIOIIUX PA3JINYHBIM CEYCHUSAM HCCICIyeMoi o0nacTd Tena.
[TocnenoBaTeIbHOCTD IIOCTPOCHHUS MOJIEIIN IPYTHOTO OT/Iea TI03BOHOYHUKA
B mporpamme «Mimics» COCTOUT U3 CIIETYIONINX 3TAIOB:

1. ABTOMaTHUYECKHUI UMITOPT M300pakeHuit Tomorpadun B hopmare
«DICOM» u Bb10Op 00BEKTA.

2. KagpupoBanme —  omepamus, IO3BOJNSIONIA  yCTAaHOBUTH
COOTBETCTBUE 3HAUCHHUH CEPOTO I[BETA HA TOMOIpaMMe 3HAYCHHSM CEpOTO
I[BETa HA MOHHUTOpE. 3Ha4eHUs ceporo Ha m3obpaxenmsx KT Beipaxarorcs
cooTBeTcTBeHHO mmikane XayHchumnma (Ilkama emunwnn XayHcdmima
(IeHCUTOMETPHUYCSCKUX TOKa3aTeel) — IIKajla JUHEWHOTO OCIa0JICHHMA
U3IYYCHUS O OTHOLICHHWIO K TUCTWUIMPOBAHHON BOJAE, PEHTTEHOBCKAS
IUIOTHOCTh KOTOPOH TNpH CTaHJAPTHBIX IAaBIECHHH W TeMIepaType OblLia
npussTa 3a 0 HU), coctosimeit u3 4095 3HaveHni, KOTOPBIE COOTBETCTBYIOT
256 3HaweHWsAM ceporo Ha dkpaHe [5]. [lns co3maHmMs Macku cerMeHTa
TPyIHOTO OTAENa MO3BOHOYHWKA OBUIM BBIOPAHBI CIEAYIOIIAE 3HAYCHHUS
muama3ona ceporo: ot 226 HU mo 3071HU. Bribop nuamazoHa
oOycnmaBnuBaeTcsl TeM, 4To 3HadeHus oT -1000 mo +80 HU mo mkane
XayHc(uiama COOTBETCTBYIOT BO3IYXY, JKHPY M MATKUM TKaHsM. Hauunas
or 220 HU HauyumHaeTcs awama3oH KOCTHOW TkaHHW. BBIOOp BepxHei
rpaHulield 00yCJIOBIIEH MaKCHMMAaJbHO TOJIPOOHOW M TOYHOW OTPHCOBKOU
momenn, a 3Hauenne +3071 HU gBnstercs MakcuMMandbHBIM Ha IIKaje
XayHchunna.

3. Cermenramuss u  wManunyssiua 3D mozensro.  CermenTanus
SIBISIETCS. OCHOBHOM TMpPOILEAYPOM MO MEPEXOAY K TPEXMEPHOW MOJIEIH.
HauaneHass onepanust «Thresholding» mosBossier co3math Macky Ha
OCHOBaHHMHU BHIOPAHHOTO AMAIIa30HA 3HAYCHUI CEpPOro.

Ha ocHoBe momydeHHOTO BBIAETCHUS, WK Macku (mask), MOXHO
paccautate TpexMepunyio (3D) momens B Tpum mmara: 1. Thresholding:
BEIICTIUTH OOJIACTh COOTBETCTBYIOLIETO AMAIa30HA 3HAUEHWHA ceporo; 2.
Region Grow: BBIIENUTH MUKCENH, KOTOPBIE CBS3aHBI OPYT C OPYroMm; 3.
Calculate 3D: noctpouts 3D moxmens mo macke (Puc.2). Jlocturaemsrii
pe3yapTaT B JaHHOW paboOTe OTrpaHUYMBACTCS IONYYCHHEM TPEXMEPHOM
MOJeNH, KOoTopas TpeOyeT IOMONMHHUTEIbHBIC Pa0OThI, ISl TOTO, YTOOBI
ucnoib3oBath e€ B cucteme Solid Works.
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Pucynok 2 — TpexmepHast MOJEINb MIEHHOrO U TPYAHOTO OTIEIIOB
MO3BOHOYHHKA B MIPOrpaMMHOM makere «Mimicsy

Co3nmaHHas TpexMepHas MOJeNb IIEHHOTO0 W TPYAHOTO OTIEJIOB
MO3BOHOYHHKA B TIPOrpaMMHOM Tiakete Mimics mpecraBieHa Ha puCyHKe
2 «TpexmepHasi MOAETHh LICHHOTO U TPYAHOTO OTIEJIOB IO3BOHOYHUKA B
nporpaMMHOM makete « Mimics»».

[To pucynky 1 «leiiHplif U TpyaHON OTAENBI MO3BOHOYHMKA. Bua
cjeBa, CIepeiu, C3aau» U PUCYHKY 2 «TpexmepHas MOJenb LIEHHOTo U
IPYAHOTO OTJEJOB MO3BOHOYHMKA B TPOrpaMMHOM makere «Mimicsy,
BUJIHO, YTO HamOoJiee OTKJIIOHEHHBIM OTHOCHTEIBHO HOPMAaJIbHBIX OCeil
WCKPHBJICHHS SIBJISETCS IIECTOI rpyaHON mo3BoHOK Th6. Jlns momydyenus
Pe3yIbTaTOB AKCICPUMEHTOB HArpy>KeHUs Ae(POpPMHUPOBAHHOIO CETMEHTa
TPYyIHOTO OTAENa T03BOHOYHHMKA MAaKCHUMalbHO HPUOMMKECHHBIX K
peabHBIM, KOTOpHIE IIO3BOJAT MAaKCHMAJIBHO TOYHO JaTh OLCHKY
JOMYCTUMBIX ~ OTPAaHMUYCHHH, HEOOXOAMMO BBIOpaTh MONHYIO IyTy
UCKpuBIeHHA. TakuM 00pa3oM, CErMEHT JOJDKeH BKIIOYaTh B CeOs
no3BoHku Th4-Th9.

[Tockomeky 00BeM (paiima, KOTOPBII MOXeET OBITH BOCIIPOHM3BEICH
nporpammoii Solid Works B Buge tBepmoro Teia orpanuucH 1000KB,
HEOOXOJIMMO TMPOBECTH MPEABAPUTEIbHYI0 00paboTKy ¢aina ¢ Mebio
COKpAIeHNsI KOJIWYIECTBa MOBEPXHOCTEH IMyTeM criakuBaHus. s aToro
ucroib3yercs nporpamma MeshlLab, mo3Bosisiiomas IpoBeCTH OIEpPaLUIo
Remesh u 3HauMTENTHEHO YMEHBIIUTH KOIMYECTBO TOBEPXHOCTEH W YIJIOB
TpexmepHo Mogenu (Puc.3). Omepanusi criaxuBaHus OCYLIECTBISETCS
MyTeM COKpaIlleHHsI TOBEPXHOCTEH TPEXMEPHOH MO/IENH, a, CIIeI0BATENBHO,
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BelleT 3a Co0Oi YMpOIleHHe TeoMeTpuieckux ocobeHHocTel. Kaxmas
oreparys CrilaKMBaHUs BEIET 3a COOOH yMEHbUICHHE KOIMYECTBA IPaHEl B
nBa pasza. Ilpum BbIOOpE KpHTEPHEB, ONPEACISIOIINX IOIyCTHMOCTb
OPOJIOJDKEHHE  CTUIQKHBAHUS,  BaXKHEWIIMM  SIBISIETCS  BHU3YyalbHOE
MaKCHMAIbHOE COOTBETCTBUE C PEATBHOM CTPYKTYPOIA.

IIporpamma  MeshLab  mo3BonseT  COXpaHUTh  MOJNYYCHHYIO
TpexMepHyr Mojienb B ¢opmate «STL», 4TO ngaeT BO3MOXHOCTH B
JIanbHEHIeM MCIojbp30BaTh e¢ B mporpamme Solid Works. Ha pucynke 3
«CeTrMeHT TpyAHOTO OT/IeNa TO3BOHOYHUKA TIOCIe 00paboTKe B MporpaMmme
MeshLab» mnpeacraBiena TpexMepHasi KOHEYHO-DJIEMEHTHAs MOJEIb
cerMeHTa  1e(OPMHUPOBAHHOTO  TPYIHOTO  OTAEAa  [MO3BOHOYHHUKA,
TpOLIeANIas TPU ONMEpanny CriaxuBanus. Momens uMeeT Oojee 5 Thicad
BepmiiH U 10 ThICAY TOBEPXHOCTEH, OJHAKO OOBEM MOJEIH SBISETCS
JOTYCTUMBIM UTS TaTbHEHIIIEH paboThl C MOZICNBIO B TIPOTPAMMHOM MAKeTe

Solid Works.

Pucynok 3 — CerMenT rpyaHOTO OT/ie/1a IIO3BOHOYHHKA ITociie 00paboTKe B
nporpamme MeshLab

buomMexanndeckue mnapaMeTpsl, MNPUCYIIUME pealbHOH CTPYKTYPE,
Takne Kak: IUIOTHOCTh, MoAyib lOnra, koaddumment [lyaccona u apyrue
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3aJal0TCs HEMOCPEACTBEHHO B IporpaMMuoM makeTe Solid Works B pasznene
«Marepuaiibl» IyTeM CO3IaHKsi HOBOTO MaTepHaia Wik BHIOOPOM OJTHOTO U3
CTaHAApPTHBIX [6].

Hanenenve mMomenu OMOMEXaHMYECKUMH CBOWCTBAMH, HMPUCYIIAMHU
peanbHOlN CTPYKTYpE SBISETCSI HEOTHEMIEMOMN YacThIO UCCICIOBAHUS. ITO
HEOOXOIMMO IS JOCTHXKEHHUS Pe3yJbTaTa 3KCICPUMEHTOB HArpy>KCHWUS,
MaKCHMAJIbHO MTPUOIIIKEHHBIX K PEaIbHbIM, YTO 00ECIIeYNBACTCS HE TOJIBKO
MaKCHMAJIbHON T€OMETPHYECKON CXOKECTHIO CTPYKTYP, HO ¥ IIOBTOPEHHEM
Ooromexanuueckux cBoiicTB. Co3aHne HOBOIO MaTepualia OCHOBBIBACTCS HA
aHanu3e JIAHHBIX OMOMEXaHMYECKHX [apaMeTpOB, MOJIYYCHHBIX W3
JUTEPATYPHBIX MCTOYHUKOB. 3HAUCHHS MAPAMETPOB MIPOXOT MPOLEAYPY
YCPEeIHEHHUs, a MaTepHal CUNTAETCS M30TPOIHBIM. KpoMme Toro, mMarepuain
Mo 1e(hOPMHUPOBAHHOTO CEIMEHTA I[MO3BOHOYHHMKA MPHHUMAETCS 3a
OJHOPO/IHBIN.

Takum oOpa3zoMm, TpH pa3paboTke OMOMEXaHHYECKOTO MeTozaa
OIpeJIeNICHNs] JONMYCTHMBIX Harpy30K Ha CerMeHT JeOpMHUpPOBaHHOTO
IPYIHOTO OT/IeJIa IIO3BOHOYHHKA OJTHY M3 IJIABHBIX POJICH UIPaeT CO3aHKe
KOHEYHO-3JIEMEHTHOW MOJIENM, MAaKCUMAllbHO TOYHO IOBTOPSIOIICH
reOMETPUYECKUE U OMOMEXaHMYECKUE 0COOCHHOCTH PEalbHON CTPYKTYPBI.
Juist co3aHus TpEXMEPHOI colieprKaTelIbHOM KOHEUHO-IEMEHTHON MOJICITH
cerMeHTa  Ae(OPMHPOBAHHOTO  TPYJHOTO  OTAENA  MO3BOHOYHHKA
HEOOXOJMMO KOMOWHUPOBAHHOE  WCIONB30BAaHUE  MEIUIMHCKHX U
HH)KEHEPHBIX MporpamMm. MenuiuHckre nporpaMmel, Takue kak DICOM
Viewer ot Inobitec u MimicS mo3BoJisitOT OBICTPO CO3[AaTh TPEXMEPHYIO
MO/IEJb BCETO MO3BOHOYHHUKA U MOCIOHHYIO TPEXMEPHYIO MOJIEb CETMEHTA
Ie(OpMUpPOBAaHHOTO TPYIHOTO OTAeda I03BOHOYHMKA HAa OCHOBE
MmatepuanoB uccnenopanuii (MPT wmm KT). Ilockonbky TpexmepHas
MOJIeTIb CETMEHTa CO3aeTcs IOCIIONHHO, OHA C BBICOKOI T'€OMEeTpHUUYecKOi
TOYHOCTBIO TIOBTOPSIET CTPYKTYpy peanbHOW. [lonydeHHass TpexmepHas
MOJeNb 00JIaJIaeT OYeHb BBICOKOH TOYHOCTBIO 3a CYET OOJBIIOTO
KOJIMYECTBA TPaHEH, OTHAKO, ATO BEIET 3a c000il Oompmmii 00beM MOIETH,
YTO MOXKET BbI3bIBATh 3aTPYIHEHHUS IPU BOCIIPOM3BECHUU MOJICIH B BUIIE
TBEPJIOrO Tela CBSI3aHHBIC C XapaKTEpPUCTUKaMH KoMmrmbioTepa. [loaTomy
nepes MCnojb3oBanueM moxaeian B nporpamme Solid Works neo6xomumo
UCIIOJIb30BaHUE MPOMEXyTouHOU nporpammbl MeshLab, obecnieunBaroriieit
YMEHbILICHHE KOJIMYECTBA TIOBEPXHOCTEH MOJICIH MTyTEM CIIIQKUBAHUS, YTO
B CBOK oOuepelb, YMEHbIIaeT 00beM MOJEIH JO BOCIPOHM3BOJANMOTO.
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Iporpammusiii maker Solid WOrks maer BO3MOKHOCTh HaleIUTh MOJICIH
TpeOyeMbIMH B XOX¢ pPa0OTHI OMOMEXaHWYECKHMMH CBOWCTBAMH U, B
TANbHEHIIIEM, IPOBOIUTH SKCIIEPUMEHTHI Harpy>KESHHSL.

B pabGore mpemioxkeH anropuTM TOCTPOSHHS TPEXMEPHOM
coJiep KaTeIbHOM KOHEYHO-3JIEMEHTHOM MO/JIeITH CerMeHTa
e OpMHUPOBAHHOTO I'PYHOTO OTAEA TT03BOHOYHHKA. OH BKIIIOYAET B ce0s
KOMOMHHUPOBAHHOE MCIIOJIb30BaHHE PA3IMUHBIX IPOIPAMMHBIX [TAKETOB, YTO
MO3BOJISIET HarboJiee ObICTPO U TOYHO AOCTUYB )KEITAEMOTo pe3ysibTaTa Ipu
MMOCTPOSHUH MOJETH CETMEHTA MMO3BOHOYHUKA. AJTOPUTM MOICITUPOBAHUS
OCHOBBIBAETCSI HAa TAKUX I3Talax, KaK MOJHAS BU3yajH3alusi CTPYKTYp
MMO3BOHOYHUKA, ITOCIIOWHOE CO3aHHUE TPEXMEPHOW MOJIEIH BHIOPAHHOTO
cerMeHTa, 00paboTka 1 epeBoj Moaenu B popmar «.STLy», ucrons3yemslit
B MPOTPaMMax, MO3BOJISIOMIAX MPOBOJUTH Pa3IMYHBIC YKCIICPUMEHTHI Ha
TPEXMEpPHBIX MoJieNsiX. KoHEeYHO-3IIeMEeHTHOE MOJICTUPOBAHUE SBIJISETCS
BRXHBIM 3TallOM T[OCKOJIBKY TO3BOJISET IPOBOAMTH HCCIICIOBAHUS
COCTOSIHHSL CTPYKTYp IIPH pa3MYHBIX Harpy3Kax MyTeM IPHIOKECHUs
DKBUBAJICHTHBIX HArpy30K K Mojend. Vcromp3oBaHHE TPEeXMEPHOM
KOHEYHO-3JIEMEHTHOW MOJEIH CEeTMEHTa Ie(QOpPMHPOBAHHOTO TPYTHOTO
oTJeNa TO3BOHOYHHUKA SIBIAETCS HEOTHEMIIEMOW 4YacThio pPa3pabOTKU
METOJIa UCCIICAOBAHUS COCTOSHHS Ae()OPMHUPOBAHHBIX CTPYKTYpP TPYIHOTO
OTJleNIa MMO3BOHOYHUKA TPH PAa3THYHBIX HArpy3Kax I MepCOHATU3AIIH
orpaHuyeHni GU3NIECKON aKTUBHOCTH M YJIYYIICHUS Ka4eCcTBa KHU3HH.
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1end OBUIM TOCTAaBJICHBI CIEMYIONIME 3aJaud: pa3padoTaTh ajJrOpUTM
MCCIIeIOBaHKSI CKOPOCTH KPOBOTOKA B apTepUH MPU HAIMYUU OJISIIIKA B
cpene SolidWorks Flow simulation, a Taxke TpOBECTH HCCIICAOBAHIE
BJIMSHHUS TE€OMETPUH OJIMIIKA Ha I[apaMeTphl IOTOKa KPOBU. bbuiH
pacCMOTpPEHBI TAaKWE IapaMeTpbl KPOBOTOKA, KaK CKOPOCTh ITOTOKa,
3aBUXPEHHOCTh TIOTOKa W WHTEHCHUBHOCTh TYpPOYJIEHTHOCTH moTOoKa. [lo
pe3ynbraraM paboThl ObLIM CAEJIaHBI CIEAYIOIIUE BBIBOABL MPH CYKSHUU
apTepul CKOPOCTh IOTOKA ¥ 3aBUXPEHHOCTh YBEJIMYHBAIOTCSH, a
WHTEHCHBHOCTh TYpPOYJICHTHOCTH IIOTOKA CYIICCTBEHHO YBEIHYUBACTCSI
MOCJIe MPOXOXKACHUSI MOTOKA uepe3 OJIAIIKY; MPU YBEIHMUYCHUU JTHHBI
ONSIIKK ~ CKOPOCTh ~ MOTOKA  YBEIMYMBAETCS B CYKEHHH COCY[a,
3aBHXPEHHOCTH ITOTOKA HAYMHACT PACTH B HaYaJIE Cy>KECHHsI, ”THTCHCUBHOCTb
TypOYJIEHTHOCTH TOTOKA YMEHBIIACTCS C YBEIMYCHHEM JUIMHBI OJISIIKH.
[poBeneHo uccieaoBaHUE JIMHBI OJISAIIKA U JHaMEeTpa MPOCBETa COCYAa B
00JIacTH €ro Cy)XeHHs Ha CKOpPOCTb, 3aBUXPEHHOCTh M HWHTEHCHBHOCTH
TypOyJIE€HTHOCTH TeueHus. TakuMm oOpa3oM, TpU  OMNpeaAeTIeHUH
reOMETPUUECKUX XaPAKTEPUCTUK OJISIIIKHU 110 aHTHOTrpadUUSCKUM CHUMKAM
C MOMOIIBI0 YHCIIEHHOTO MOETMPOBAHHUS MOXKHO BBIICHWUTH, KaK BIIHSET
OJsITIIKa Ha OOIIUI KPOBOTOK B aPTEPHH.

KiroueBble croBa: cOHHast apTepus, aTepoCKIepoTHIecKas OJsIKa,
BHYTPEHHSISI COHHASl apTEPHsl, TEOMETPHS OJISIIKH, TTAPaMETPhl KPOBOTOKA.

BIOMECHANICAL STUDY OF THE INFLUENCE OF
GEOMETRICAL PARAMETERS OF THE INTERNAL CAROTID
ARTERY PLAQUES TO NATURE FLOW BLOOD
Basharova G.T.

Saint Petersburg State Electrotechnical University "LETI"
e-mail: gulnara.basharoval@gmail.com

Abstract. The aim of the article is to investigate the impact of plaques
on the characteristics of the blood flow in the internal carotid artery. To
achieve the above goal the following tasks were carried out: an algorithm for
studying the speed of blood flow in arteries in the presence of plaque in the
program SolidWorks Flow simulation and research of the influence of plaque
geometry on the parameters of blood flow. Such flow parameters as velocity,
vorticity and the turbulence intensity of the flow have been considered. The
results obtained allow us to make the following conclusions: when narrowing
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of the artery, flow velocity and vorticity increase, the intensity of turbulence
increased significantly after passing the thread through the plaque; when
increasing the length of the plaque, the flow velocity increases in contraction
of the vessel, the vorticity of the flow begins to rise at the beginning of
contraction, the intensity of turbulence decreases with increasing length of
the plaque. The length of the plaque and diameter of the vessel lumen in the
region of its constriction on velocity, vorticity and turbulence intensity of the
flow have been studied. Thus, it is possible to find out the effect of plaque
on the total blood flow in the artery when determining the geometric
characteristics of the plague on angiographic images using numerical
simulation.

Keywords: carotid artery atherosclerotic plaque, internal carotid
artery, plague geometry, blood flow parameters.

Beoenue. Connas apTepust SIBISICTCS OJHUM U3 BAXKHEHIINX KPYITHBIX
3JIEMEHTOB KPOBEHOCHOM CHCTEMBI HAIIIETO OPraHu3Ma, TaKk KaKk UMEHHO IO
€¢ BETBSIM KPOBb IIOCTYIIACT K TOJIOBHOMY MO3TY, CHa0Xast €ro KUCIOPOJOM
17§ MIUTATEIbHBIMA BEIIECTBAMH. Xoporee KpOBOCHaOKEeHHE
obOecrieunBacTCs apTepUsIMH C HOPMAIbHOW HMHTUMOH W HOPMAJIbHBIM
npocBetoM cocynoB [1]. Ilo mepe yBenmmueHnsi pasMepa W KOJHYECTBa
ONsIIeK TIOCTENEHHO MPOWCXOMUT Bce OoJjbplee Cy)XKEeHHEe MpocBeTa
KPOBEHOCHOTO COCyZIa, CTeHKa apTepuH YyIUIoTHsAeTcs. Ilpu momHoi
3aKyINOpKe COHHBIX apTepuidl WM WX BETBEH BO3HHMKACT WHCYIBT [2].
Brigenstor mects cramuit MopdoreHe3a aTepoCKICPOTHIECKON OIISIIKHY,
OOJBIIMHCTBO M3 KOTOPHIX SBIAIOTCS 3aKOHOMEPHBIM IPOIODKCHHEM
OPEOBIAYIIeH CTaAuu: JOJUIMIHAS, JIMIUA03, aTepoOMaro3, pa3phiB
MTOKPHIITKA OJIAIIKY, CKIICPO3UPOBAHKE H YIUIOTHEHUE, KabITUHO3. [lepBast
cTanus — ponumnuaHas. Ha 3ToM 3tamne IpoUCXOIUT MOBPEKICHUE HHTUMBI
COCYZIOB O[] ACHCTBUEM JIMIIONIPOTEHIOB, MOP(OIOTHIECKH OIPEAETsIeTC s
HAKOIUICHHNE B WHTHME KHCIBIX INIMKO3aMHUHOTJIMKAHOB. BTopas craaus
aTepockipo3a — nmunuao3. Ha sToM aTame TUMMOsl MPOHUKAIOT B CTCHKY
cocyna 1 HHQWIBTPUPYIOT €e, TAKUM 00pa3oM Ha BHYTPEHHEU IIOBEPXHOCTH
apTepuil 00pa3yIOTCs JKENTHIC MSATHA, KOTOPBIE, OJJHAKO, HE BEICTYIIAIOT HAJI
MIOBEPXHOCTBIO cocyna. Ha sTom »sTame aTepockiepo3 sBISeTCS ele
00paTUMBIM, OJHAKO BBISBUTH 3a00JICBaHHUE HA CTOJNb PAHHEH CTauH
(hakTHYEeCKH HE MPEICTABIICT BO3MOXKHBIM. TPEThsl CTaAusg — aTepoOMaTo3.
OO6pazyroTcss ONAIIKA M3 COCIMHUTENBHONM TKaHMU, KOTOpBIE COJIEp)KaT
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BHYTPH TKAaHEBON MAETpUT. Bismku BHICTYMalOT B MPOCBET cOCyAa H
cykuBaroT ero. OHAKO M Ha 3TOM JTaIle aTePOCKIEPO3 MOXKET MPOTEKAThH
0ECCHMNITOMHO, €CIIH CTETIICHb CY)KCHHS COCyla HeBeluKa. Pa3priB
MOKPBIIIKA OJISIIKA TPOMCXOINWT TOCNIEe aTepoMaTo3a B CIydasx, KOrjaa
MOKPBINIKA OJISIIKK HcTOHYaeTcs. [Ipy 3ToM TKaHEBO# JAETPHUT MOMaaacT B
KPOBCHOCHOE PYCIIO W TPHBOAMT, KaK MPaBHJIO, K 3aKyIOPKE COCyla H
TSOKENBIM TIOCIEACTBHAM B BHJE, Hampumep, UHGpapKTa MHOKap/a,
HHCYJbTa. brsdika MOXKeT He pa3phIBaThCs, a HAIIPOTUB, CKIIEPO3UPOBATHCS
U YIUIOTHSTE. B TakoM citydae OyayT MOSIBIATHCS W YCUIUBATHCS TPU3HAKH
XpoHHUYeCcKoW martojiorun. KambImHO3 SBISIETCS TIOCIEIHEW CTaaued u
COCTOHWT B TOM, YTO CKJIIEPO3MPOBAHHAS OJAIIKA erie Ooiee yIIoTHISTCS 3a
CUET OTJIOKECHUS B HeW coiyiel kaiblusa. C BO3pacToM y JIIOJCH daIle
MIPOUCXOJIUT CTEHO3UPOBaHUE COHHBIX apTepuii [3]. B Bozpacte ot 50 no 59
JeT ToIbKO 1 % Jrozeit IMEIOT CYIIECTBEHHOE CY>KEHIE COHHBIX apTepHid, a
B Bo3pacte oT 80 1o 89 net yxe 10% mrozeii crpagaet oT 3aKyNOPKH COHHBIX
aptepuii [4]. IMeHHO TOSTOMY Bpadeil WHTEpeCcyeT, Ha Kakoi CTaauu
Pa3BUTHS HAXOAUTCS OJIAMIKA W KaK W3MEHSACTCS KPOBOTOK B 3aBUCHMOCTH
OT MIPOCBETA ApTEPUH.

Lenu u 3a0auu. llenp pabOTHI: WM3yYEHUE BIUSHHUS MapaMETPOB
ONMIIKK Ha XapakTep KPOBEHOCHOTO IOTOKA BO BHYTPEHHEW COHHOMN
apTepHH.

3anaun: PazpaboTaTh adropuT™M HCCIEIOBaHHS CKOPOCTH IOTOKA BO
BHYTPCHHEH COHHOW apTepuu mpu Hajauuuu Omsimku B cpene SolidWorks
Flow Simulation. IIpoBecTn nccnemoBanue BIASHAS T€OMETPHUH OJIAIIKHE Ha
mapaMeTphl MOTOKA KPOBH.

Honymenus:

1) BHyTpeHHSS COHHAsl apTepHsl IpeJCTaBiIcHa HeJAe)OPMHUPYEMBIM
uuianHapoM JuiHo# 0.04 m;

2) XpoBb MOJAETUPYETCS KaK HBIOTOHOBCKAs JKHAKOCTH C
nmuHaMudeckoi Bsa3kocTbio 0.004 IMa-c u mmotHOCTRIO 1050 KT/MS;

3) ckopocTh OTOKa Ha BXoze B apTepuio paBHa .15 M/c, Ha BBIXOzE
u3 aprepuu 3ajaercs nasinenue 10 klla;

4) gyucno PeliHonbca Ha BXoJie cocTaBiseT mpumepro 200;

5) Ui pacueTa TEYCHHUS HCIIOIB3YIOTCS OCPEIHEHHBIE 0 PeifHOMBACY
ypaBHeHust HaBbe-Ctokca ¢ k-¢ mogmenpio TypOynentHoctH [5]. Takwmm
obpasom, g pacyera TeueHus B flow simulation wcmonb3yercs cucrema
ypaBHeHH HaBre-CToKca s HEC)KUMAEMOM KUAKOCTH:
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p-g—:+V-p—y-Aﬁ+p-(ﬁV)ﬁ—p-ﬁ=0

(1)
div(p - V) =0
e p- IWIOTHOCTb KPOBH, t — BPeMs, p — JaBIE€HUE, U — BEKTOP
ckopocTH, F — BEKTOp MACCOBOM CHIIBI.
Jns pacueTa WHTEHCHBHOCTH TypOyneHTHOCTH ImoToka B flow
simulation ncrone3yercs k-srcunon Mozens TypOyneHTHocTH. B pamkax k-
STCUJIOH MOJIETH,

Cupk?
He = fur 2=, )

e

Ie  €-CKOPOCTh JMCCHMNIALMM,f, — KOMIUIEKC, yYMTBIBAKOIIMH
TypOysientHyo  Bsskocth,  (,=0.09, k- kuHermueckas SHeprus
TypOyJNEHTHOCTH.

I'eomeTpuueckast MoJiellb BHYTPEHHEH COHHOW apTepHu C OJISIIKOM,
noctpoena B cpene SolidWorks Inspection. OTHoieHuE JuamMeTpa MpocBeTa
cocyza B obsactu 61smky d kK BHyTpeHHeMY nuameTpy cocyaa D (D=0.005
M), a TaKKe OTHOIeHue AauHbl Onsiiku | k mmune cocyma L (L=0.04 m)
u3mensierca ot 0.1 1o 0.9 ¢ marom 0.1. BHewmnuil nuameTrp cocyla paBeH
0.006 M [6]. PacueTHas ceTka cOoCTOUT U3 1472 KOHEYHBIX JIEMEHTOB.

Ha puc. 1-3 npencraBieHbl JMHUM TOKa, OKpPAILICHHBIE 110 BETUYUHE
CKOpPOCTH, 3aBUXPEHHOCTH W WHTEHCHBHOCTH TYpOYJEHTHOCTH ITOTOKA
KPOBH B KPOBEHOCHOM cocye ¢ Oustmkoi mmuaoit | = 0.002 M, quaMmeTpom

d=0.2-D.

Pucynok 1 — JIuHUM TOKa, OKpAIICHHBIC TIO BEJIMIHMHE CKOPOCTH MTOTOKA
KpPOBHU B KDOBEHOCHOM COCYJIE ¢ OIAIIKOI
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Pucynok 2 — JIuHuu TOKa, OKpALICHHBIE 110 BEIMYUHE 3aBUXPEHHOCTH
MIOTOKA KPOBHU B KPOBEHOCHOM COCYAE C OJISAIIKOM

Pucynok 3 — JIunum TOKa, OKpalieHHbIE IO BETUYMHE HHTEHCUBHOCTU
TypOYJICHTHOCTH ITOTOKA KPOBU B KPOBEHOCHOM COCYJIE C OJISIIKOM

ol —— 2% )| ) -
il . LI 1 o«

a §) B
PucyHok 4 — V3sMeHeHHE XapaKTEPUCTHK [TOTOKA 110 [UIHHE COCyaa IS
Pa3HbBIX THAMETPOB €T0 MPOCBETA B 00JIACTH OJISAIIKH: @ — CKOPOCTh, O —
3aBUXPEHHOCTbh, B — HHTEHCHBHOCTh TypOYJISHTHOCTHU TOTOKA
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Pesynsmamut. PacueTsl, npousBeneHuble B cpeae Flow Simulation,
MOKa3aJid, 4YTO B TOM cCllydae, KOTAa IpOCBET apTepuu OTphIT Ha 10%,
CKOPOCTb B CY’KEHHH COCy/a paBHa mpuMepHo 23 m/c, mpu 90% — 0.21 m/c.
Ha puc. 4 npuBenieHbI U3MEHEHHS TApaMETPOB KPOBH T10 JUTUHE COCYAA IS
ciy4aes, korna d/D = 10%, 20%, 30%, 40%, 60%, Ha puc. 5 — Ui ciiy4acs,
koraa I/L = 10%, 30%, 50%, 70%. I[Ipu cy>KeHUH apTEepUH CKOPOCTh MOTOKA
W 3aBUXPEHHOCTb YBEIMYMBAIOTCS, a HMHTEHCHBHOCTb TYpPOYJIEHTHOCTH
MOTOKA CYIIECTBEHHO YBEJIMYMBACTCS IIOCJE MPOXOKACHUS MOTOKA 4yepe3
Omamky. Ilpm yBeNMWYEeHWH UIMHBI  ONSAIIKH  CKOPOCTh  IIOTOKA
YBEIMYMBACTCA B Cy>KEHUH COCY/1a, 3aBUXPEHHOCTH ITOTOKA HAYMHAET PacTH
B HavaJle Cy>KeHHs, HHTeHCUBHOCTh TYpOYJICHTHOCTH ITOTOKAa YMEHBIAECTCS
C YBEITMUEHHUEM JUTHHBI OJISIIKH.

a 6 B
PucyHok 5 — MI3MeHeHHne XapaKTepUCTUK OTOKA 10 JUIMHE COCYAA AJIs
Pa3HbBIX JJIMH OJAIIKY:
a — CKOpOCTh, O — 3aBUXPEHHOCTb, B — HHTEHCUBHOCTH TYpPOYJIEHTHOCTH
MOTOKA

Buigoowr. IIpoBeneno uccienoBaHuEe AIHHBI OJSIIKA ¥ JHAMETPa
MIPOCBETA COCyAa B 00JACTH €ro Cy>KEHHUS Ha CKOPOCTb, 3aBUXPEHHOCTH H
UHTCHCUBHOCTh TypOYJIEHTHOCTH TeueHHMA. TakuMmM oOpa3oM, IpH
ONpeeIeHUN F€OMETPUUECKHUX XapaKTePUCTHUK OJISIIKH o
aHTHOTrpapUUecKNM CHUMKAM C TIOMOIIBIO YHCIIEHHOTO MOICTUPOBAHHS
MO>KHO BBISICHUTB, KaK BIIHSICT OJISIIIKA HA OOIIUI KPOBOTOK B apTEPHUH.
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Takie Kak TOHaJIbHAs aylAMOMETpHUs M pedeBas ayJuOMETpHUsi, a TaKxkKe
00BEKTUBHBIE METO/bI, OTHIM M3 KOTOPHIX SBISIETCS THMITAHOMETPHS. JTH
METOJBI TPEIyCMaTPUBAIOT TpaUuecKoe NPEeNCTaBICHHE Pe3yIbTAaTOB.
KomnbroTepHble TEXHOJIOIMH MO3BOJSIOT aBTOMAaTU3MPOBATH IpoOIECC
(opMHpOBaHHS ayAUMETPUYECKUX TECTOB, HAKOIUICHHE ITOJy4aeMOH B
Ipolecce JTUAarHOCTUKH HWH(OpManuyu, TpeacTaBIeHHe pe3yIbTaToB
OUArHOCTUKM C HCIOJB30BaHHWEM TpadukoB, Tabmui U auarpamM. Ha
KAueCTBEHHYI0 M KOJIMYECTBEHHYIO OLIEHKY IIOJIyYEHHBIX pE€3yJbTaToB, B
0COOEHHOCTH Ha aHAIN3 ¥ IPUHATHE PEIICHHUH 110 TAKUM XapaKTEePHUCTHKaM,
Kak ¢opMa ¥ KOHQUTYpamus TOHANBHBIX ayJuorpaMM, pPEYeBBIX
ayauorpaMM W THUMITAHOTPAaMM, OKa3bIBaeT BIHSIHAE CYyOBEKTHBHOCTD
OLIEHKH Pa3HBIMU dKcniepTamMu. [1pu 3TOM pa3nuuue B OI[eHKaX MOXKET OBITh
3HAYUTENbHBIM, YTO BIUSET HA TOUHOCTh IOCTAHOBKU JuarHosa. B nanxoi
paboTe mpeacTaBiIeHAa CTPYKTYpHas cXeMa OHMOTEXHHYECKOW CHCTEMBI
JUAarHOCTUKM HapyLIeHMH ciyxa, KOTOpas II03BOJISIET pean30BaTh
CTaTUCTMYECKHE  METOJbl  aHajgu3a TOHAJIbHBIX  ayJUuOTrpaMM H
tumnaHorpaMMm. C HCHONB30BAHUEM HUCXOJIHBIX JAHHBIX PE3YyIbTAaTOB
UMIIEJAaHCHOW  ayJUOMETPUM, [UIsl TPOU3BOJIBHOM THMIIAHOTPAMMBI
ManyeHTa ¢ JWAarHo30M OTHT ObUI TPOBENeH PErpecCHOHHBIA aHan3
tumrnaHorpamMm tumna C. Beraucmisiiock cpeqHee 3HaueHne Kod(p¢HuureHTa
KOppEeJALUH JJIs1 BHYTpUOapaOaHHOTO JIaBJICHHUS M CPEJTHEKBAIPaTHUECKOE
oTtkiioHeHne mo ¢opmyne Ilupcona. PesynmpTaThl aHanmms3a OaHHBIX IO
OLICHKE CHJIbl KOPPEJISLMOHHOM CBSI3M  TOHAJIBHBIX  ayJUOIPaMM,
COOTBETCTBYIOIUX HAPYLICHUSAM 3BYKOBOCIPHATUS U 3BYKOIIPOBOAUMOCTHU
Ipu OTWUTE, W THMIIAHOTPaMM, MPEICTABICHHBIX B JaHHOH paboTe,
MO3BOJISIIOT CJENaTh BBIBOA O TOM, YTO B KaueCTBE 3HAYAIIErO MpPHU3HAKA
CHJIBI CBSI3M MOJKHO YYHTHIBaTh 3HaK KOA((HUIMEHTa KOPPEesIuH s
paccMaTpHUBaEMBbIX CIy4aeB OTKJIOHEHUS OT HOPMBI.

KiroueBble  cinoBa:  TOHalnbHAas  IOpPOroBas — ayauorpamma,
TUMITAHOTpaMMa, KO3(D(GUIMEHT KOPPEAIHH
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IMPAIRMENT OBJECTIVE AND SUBJECTIVE METHODS
AUDIOMETRY
Bondarenko R.P., Kirichenko I.A., Kirichenko I.1.
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Annotation. The decision of the early diagnosis of human diseases
hearing problem is relevant for ongoing preventive population surveys. For
purposes of hearing the diagnosis traditionally used subjective methods of
inspection, such as tone audiometry and speech audiometry and objective
methods, one of which is tympanometry. These methods provide a graphical
representation of the results. Computer technologies allow you to automate
the process of forming audimetricheskih tests accumulation obtained in the
course of diagnostic information, view the diagnostic results using graphs,
tables and charts. On the qualitative and quantitative assessment of the
results, particularly in the analysis and decision-making on characteristics
such as the shape and configuration of the tone audiogram, speech audiogram
and tympanograms affects subjectivity of evaluation by different experts.
This difference in estimates can be significant, affecting the accuracy of the
diagnosis. In this paper, a block diagram of biotechnical system diagnostics
of hearing impairment, which allows for statistical analysis methods tone
audiogram and tympanograms. Using the raw data results of impedance
audiometry tympanogram for any patient with a diagnosis of otitis media was
conducted regression analysis tympanograms type C calculates the average
value of the correlation coefficient for vnutribarabannogo pressure and
standard deviation using the formula Pearson. Results of the analysis of data
to assess the strength of correlation tone audiogram, corresponding
disturbances sound perception and conduction with otitis and tympanograms
presented in this paper lead to the conclusion that as a significant sign of the
coupling strength can be taken into account the sign of the correlation
coefficient for the cases of deviation from standards.

Keywords: tone threshold audiogram, tympanogram, the correlation
coefficient.

B Hacrosmiee Bpems HpH peUIeHMH 3aJaddl MPOQMIAKTHYECKHX
o0cIeJ0BaHUM HAacENEHHUS C 1IENbI0 paHHEH IUarHOCTHKY HApYIICHUH CiTyXa
OoJpIIOe BHUMAaHHE yJenseTcss pa3padOTKe OTEYeCTBEHHBIX NMPHOOPOB M
METOOB  AWarHOCTHKH. CyObeKTHBHBIE ¥ OOBEKTHBHBIE METOIBI
HCCIIeIOBAaHMS CIIyXOBOH (DYHKIIMH, TaKWe KaK TOHAJIBbHAS ayTUOMETPHSI U
pedeBas ayJHOMETpHS, UMIIEIaHCHAs ayANOMETPHs MMOJpOoOHO OMMCaHBl B
OTEUECTBCHHBIX M 3apyOeKHBIX PYKOBOACTBaX M MoHorpadusx [1-9].
OCoOCHHOCTD TPAAULMOHHBIX METOJOB UCCIEAOBAHUS CIIyXa 3aKJII0UaeTCs
B TOM, BCerga IpegycMaTpuBaeTcsi rIpaduueckoe MpenCcTaBICHUE
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pe3ynpTaToB. Ha OCHOBaHMHM WOJYYEHHBIX TOHANBHBIX ayJUOTPaMM,
pPEUEBBIX aymUOTPaMM W THMIAHOTPAMM OCYIIECTBISETCS JAMArHOCTHKA
COCTOSIHWSI CiIyXa W TpUHATHE pemeHuid. Ha OIeHKy MmorydeHHBIX
PE3yNbTaTOB U MPUHSITHE PELICHHH 110 TAKMM XapaKTepPHCTHKaM, Kak opMa
W KOH(UTypalMs TOHAIBHBIX ayIUOrpaMM, pPEYEBHIX ayAHOTpaMM |
TUMITAHOTPaMM, OKa3bIBaeT BIIMSHHE CYOBEKTHBHOCTH OLEHKH PasHBIMHU
skcnepTamu. [Ipu 5TOM pazinuume B OLEHKAX MOXET OBITh 3HAUUTENbHBIM,
YTO BIUSCT HA TOYHOCTH IIOCTAHOBKU AMArHO3a.

KommbroTepHbIe TEXHOIOTHH TTIO3BOJISFOT aBTOMaTH3NPOBATE IIPOLIECC
(hopMupOBaHHS ayTUMETPHUECKUX TECTOB, HAKOIUICHHE IIOIy9aeMOU B
mpormecce IUAarHOCTUKH HWH(OpManny, TpeacTaBIeHHE pe3ylIbTaToB
JIUAarHOCTUKU C WCIIOJb30BaHHEM TrpauKoB, Tabiaun u auarpamMm. Ha
Ka4eCTBEHHYI0 M KOJMYECTBEHHYIO OLIEHKY IOJIYYeHHBIX pe3yJbTaToB, B
0COOCHHOCTH Ha aHANN3 U MIPUHATHE PELICHUHN 110 TAKUM XapaKTePUCTHKAM,
kak GopmMa W KoOH(pHrypanuss TOHAIBHBIX ayJuOTpamMM, pPEUYEBBIX
ayouorpaMM W THUMIIAHOTPAaMM, OKAa3bIBaeT BIHMSHUE CYyOBEKTHBHOCTD
OIIEHKH Pa3HBIMH dKciepTamu. [Ipu 3ToM pa3nmndne B OIEHKaX MOXKET OBITh
3HAYUTEIBHBIM, YTO BIHSIET HA TOYHOCTH ITOCTAHOBKH IWAarHo3a. 3aaada
TIOBBILIICHUS.  JIOCTOBEPHOCTH JaHHBIX TOHAJIBHOM ayJHOMETPUH C
UCTIONIb30BAaHMEM  PAa3NMWYHBIX  CTATUCTUYECKMX  METOJOB  aHaH3a
paccmarpuBanach B psge pabor. B kadecTBe KpuTepHeB aHaimM3a
WCHOJIB30BATHNCh TaKhe, KaKk KIacCU(HUKAIMS ayIuorpaMM Ha OCHOBE
skcriepTHOH mHpopMaruu [10], mHTEpIpeTalys MOPOroB CIABIINIMMOCTH Ha
OTJEJIBHBIX YaCTOTaX B MPOCTPAHCTBE HEYETKUX Npu3HakoB [11]. Takum
00pa3oM, 3a/1a4a TOBBIMICHHS JOCTOBEPHOCTH OLEHKH KOJNYECTBEHHBIX U
Ka4eCTBCHHBIX  XapaKTePHCTHK  Pe3yJIbTATOB  HCCIIEAOBAHUS  CIIyXa
CyOBEKTHUBHBIMH U OOBEKTHBHBIMH METOJaMU ayJAHOMETPHH, OCHOBAHHOMN
Ha CTaTUCTHYeCKoW 00paboTKe HH(OPMAINH SBIISETCS aKTyaIbHOM.

Panee aBTOpamMum OBUIM pacCMOTpPEHBI  3a7ada  Pa3pabOTKH
ANEKTPOHHONW OMOMMoTeKu ayauorpamm [12] u Bompockl pa3zpaboTKu
OMOTEXHUYECKOW CHCTEMBI KOMITHIOTEPHOTO aHAN3a TAHHBIX ayAHOMETPHH
[13]. B03MOXHOCTb IpPUMEHEHHS PErPECCHOHHOIO aHAIW3a JaHHBIX
TOHAJIFHON TOPOTOBOM ayIMOMETpHUH ObLTa IMOKazaHa aBTopamu B [14]. B
pe3ynbrate Obuta copMupoBaHa 0aza MAaHHBIX TOHAIBHBIX MOPOTOBBIX
ayaMorpaMM BO3IYIIHOM ¥ KOCTHOH MpPOBOAMMOCTH, pa3pabOTaHEI
CTPYKTYpa OMOTEXHUYIECKOI CHCTEMBI U AITOPUTM PETPECCHOHHOIO aHAIIN3a
JAHHBIX TOHAJIBHBIX AayAHOTPaMM M TPOBEICHA CTATUCTHYECKAs OIICHKA
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napamMeTpoB TOHAIBHOM ayAHOMETpUH, U1 KOTOPOIl B KauecTBe MpU3HAKa
UCTONB30BaNCsI  KodpdummeHT  koppemsimuu  [lupcona.  AHamms,
IPOBEACHHBIA aBTOpaMu [14], mokasal, 4TO OLEHKA KOPPEJALUOHHOU
CBSI3M, YUMUTHIBAIOIIAS HANpPABICHUE W CHITYy CBSI3H, IMO3BOJIAIOT ITOJIYYUTh
KOJIMYECTBEHHYI0 WH(popManuio o0 OTKIOHEHHWH IIOTeph BO3AYIIHON U
KOCTHOH IPOBOJTMUMOCTH OT HOPMBI.
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| | 3KCMEPTHOW OLIEHKO K KOHMrypaLmum )|
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| |
| | [ ] | |
1 | [ | 1
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| | [ L Moayne knacteproro | | | |
| [ aHanuaa |
| |
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b I I
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Pucynok 1 — CtpykTypHas cxeMa OMOTeXHHYECKON CHCTEMBI TOHAILHOW U
peueBoi ayTMOMETPUHU
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[lonmyyeHnble pe3yabTaThl PETPECCHOHHOTO aHAIM3a MPEUIOKEHO
UCTIONB30BaTh B KadecTBE HMH(OPMATHUBHBIX NPHU3HAKOB JUIA aHaIH3a
TOHAIBHBIX IIOPOTOBBIX ayAHWOrpaMM. B KadecTBe JOMOIHUTEIBHBIX
NPU3HAKOB  aHajJIM3a TOHAIBHBIX IOPOTOBBIX  ayJauOrpaMM  OBLIO
IPEUIOKEHO  HCIOJIb30BaTh, Pa3pabOTaHHBIA  aBTOpaMU  aJITOPUTM
orpejeNieHns] KOH(pUTypaluy TOHATBHBIX ayauorpaMum [15] n anroputm k-
BHYTPUTPYIIOBBIX CpPEOHUX, HA OCHOBE KOTOPOTO OBUIM BBIYHCICHBI
(hyHKIIMY IPUHAIUICKHOCTH HEYETKUX MHOXKECTB, OTHOCSIIIMXCS K KJIaccaM
«HOpMa» M «OTKJIOHEHHE OT HOpMBI». Ha puc. 1 mokasaHa cTpyKTypHas
cxeMa OMOTEeXHWYECKOW CHCTeMbl IHArHOCTHKM HapyIIeHWH cioyxa Ha
OCHOBE TOHAIBHOM U PEUYEBOM ayAMOMETPHUH, KOTOpas IO3BOJISIET
peanu3oBaTh PAaCCMOTPEHHBIE BBIIIE CTATUCTUYECKUE METOIbl aHaIn3a
TOHAJIBHBIX ayJAHOTPaMM.

buorexnuueckass cucremMa JUArHOCTUKM  HApYyIICHUN  Cclyxa
MOCTICIOBATEIbHO  BBIIONHSACT CJCHYIONME OTambl CTaTUCTHYECKOTO
aHalM3a JaHHBIX TOHAJNBHOM ayauoMeTpuu. DOpMHUPOBaHHE TECTOBBIX
CHTHAJIOB W HAKOIUIGHHWE TEPBHYHOW WHGPOpPMAIMH W TrpaduuecKoe
MIOCTPOEHHE  ayJUOTPaMMBl  OCYIIECTBISET IIOACHCTEMa TOHAJIBHOM
aynuoMetpuu. Ilogcucrema CTaTUCTUYECKOTO aHANK3A JTAHHBIX TOHAJIBHON
ayJIMOMETPUH BHIITONHsIET (DYHKIMHM aHaJIW3a M OIpEIETICHHUS OCHOBHBIX
XapakTepUCTHK Ha OCHOBE METOJOB OIpeAeTeHUs KOH(UTypalmy,
PErPEecCCHOHHOTO M KIACTepPHOTO aHanu3a, QopMmupyer 0a3y HaHHBIX
ayIuorpaMm.

CyObeKTHBHBIE METOBI NCCIEOBAHNA CIyXa, TAKHE KaK TOHAJIbHASL
MIOPOTOBast ayAHOMETPHs, peueBasi ayJHOMETpPHs, B CBA3H C UX IPOCTOTOMN
npuMeHstoTes varie. OJHaKo pe3ysbTaThl AUATHOCTHKH CYOBEKTHBHBIMHU
METOJaMM 3aBUCST OT COCTOSIHUS U TICUXOJIOTMYECKOIO HACTpOs
o0clieryeMoro, 4To He Bcerja o0ecrnedrBaeT IIOJydeHHE JIOCTOBEPHBIX
JIAHHBIX O coCTostHMU ciyxa [1, 2]. MnenancHasi ayAnOMETpHsl SIBIISIETCS
OOBEKTHUBHBIM METOZIOM OIICHKH CIIyXa, KOTOPBIA IpencTaBiseT coOoif
KOMIDIEKC KJIMHHYECKHX TECTOB, OCHOBAaHHBIX HAa M3MEPEHWH HMIIeJaHca
cpenHero yxa [3].

B cucreme nMIietaHCHON ayAHOMETPHUH, BBIIEISIOT YEThIPe BasKHBIX
napaMeTpa: 00beM Hapy>KHOTO CIyXOBOTO NpPOX0Ja, MUK KOMIUIMAHCa,
JAaBICHUE NMKAa W IIMpUHA TUMIaHorpammsl [3]. Paccmorpum 3amauy
PETPECCHOHHOTO aHajdM3a C LEJbI0 OLEHKU CBSI3M IBYX MapaMeTpoB,
0TOoOpakaeMbIX IpU rpadUIecKOM MPeICTaBICHHH TUMIIAHOTPAMM, TAKUMH
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KaK NHMK KOMIUIMAHCA M UIMPHUHA TPOU3BONBHON THUMIAHOTPAMMBI H
TUMITAHOTPaMMBI,  cooTBecTByfomieid  Hopme.  IlomHyro  obGmacts
BHyTpuOapabanHoro paBmeHus (-400malla; +200 palla) mpm sTOM
pasOmBaeM Ha  JBa  INOAJMana3oHa:  OTpHIATe]bHas  00JacTh
BHyTpuOapabanHoro nasnenus (-400 malla; 0 malla) u momoxutenbHas
o0macte BHyTpuOapadbanuoro aasinenus (0; +200 ngalla).

C uCmonp30BaHUEM HCXOIHBIX NAHHBIX PE3yIbTATOB MMIICAAHCHOU
ayIUOMETPUH, VI IPOU3BOIBHON TUMIIAHOTPAMMBI MAIIMEHTA C IUATrHO30M
OTUT TIpeNCTaBIEHHBIMH B [3], OBII MpOBENEH pPETpPEecCHOHHBIA aHAIH3
tumnanorpamm tumna C. Beraucismiocs cpennee 3HadeHnE KOdPPHUIMEHTA
KOppemsiuu JUTSt BHyTpHOapabaHHOTO JIaBJICHUS (T) u
cpenHekBaaparndeckoe oTkioHeHne (CKOT) mo dopmyne Ilupcona [16].
Cpennue 3HaueHUs K03 uImeHTa KOppessiiy U CpeaHEKBaIPaTHIECKOe
OTKJIOHCHHE Ha TpuMepe TuMiaHorpamm tuma C, npuBeiaeHHbie B [17]
COCTaBWJIM JUIsS TIOJHOHM oOmactu BHyTpubapabannoro masineHus T=-0,35;
CKO1=0,12. [Jlns moaauana3oHOB OTPUIATEIILHONH U IMOJOXHUTEIHHOU
oOmacTeit BHyTprnOapabaHHOTO aBJICHHUS CPEAHNE 3HAYCHNUS KO3 PHuImeHTa
KOPpETSAIMN M CPeJHEKBaJpaTHIeCKOe OTKIIOHeHHe coctapmm 1=-0,41;
CKOT=0,11 n T=0,48; CKOT=0,15, COOTBETCTBEHHO.

Pe3ynbTaThl CPAaBHUTEIHLHOTO aHATIN3A MONYyYCeHHBIX B [14] 1aHHBIX 10
OLIEHKE CHJIBI  KOPPEISAMHUOHHON CBA3M TOHAIBHBIX  ayJHOTPaMM,
COOTBETCTBYIOIIMX HAPYIICHUSM 3BYKOBOCIIPUATHUS U 3BYKOIIPOBOAMMOCTHU
Opu OTWUTe, W THUMIIAHOTpAaMM, MPEICTABICHHbIX B JaHHOH paboTe,
MO3BOJISIOT CIENaTh BHIBOA O TOM, YTO B KAUeCTBE 3HAYAIIECTO MpPHU3HAKA
CHJIBI CBS3M MOXHO YUYUTHIBATH 3HAaK KOod(uImeHTa KOppemsuud s
paccMaTpuBaeMbIX CIIy4aeB OTKIOHEHHS OT HOPMBI.

Ha ocHoBe aHamm3a COBpPEMEHHBIX METO/IOB H  CPEICTB
UMIIeAaHCHOM ayauomeTtpun [3], Oblia pa3paboTaHa CTPyKTypHas cxema
OMOTEeXHUYECKOM CHCTEMBI AJISi MPOBEACHHUS JUATHOCTUKH COCTOSHUS
CPEIHETO yXa 4eJIOBEeKa METOAOM HMIIEJAHCHOM ayIuOMETpUH, KOTopas
nokasaHa Ha puc. 2. buorexHuueckas cucreMa HMMIEAAHCHOU
ayIMOMETPUH BKIIFOUaeT B CBOEM COCTABE IOJICHCTEMY THMIIAHOMETPUH,
0a3pl  NaHHBIX  PE3YNBTATOB  THMIIAHOMETPUH W  TOACHUCTEMY
CTaTUCTUYECKOT'O aHAJIN3a JTAaHHBIX.
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IloncuctemMa ~ TUMMIAHOMETPUM  BBINOJHSAET  CTaHIAPTHBIE
(YHKIIMATIMITAHOMETPA 1 BKITIOYAeT B ce0s OJI0KH MepBUYHOM 00paboTkn
JAHHBIX ¥ BU3yanu3anuu. [locrcremMa cTaTHCTHYECKOTO aHATIM3a TaHHBIX
COCTOUT M3 MOJYJIA aHAIN3a TUMITAHOTPaMM M MOAYJISl KiIacCU(HUKAIIUH.
Mopays aHaM3a THMIIAHOTPAMM IIOCTPOEH Ha OCHOBE pabOoThI aJropuT™Ma
aHaJM3a JaHHBIX TUMIIAHOTPAMM, IOCTYMAIOMMX M3 OJOKa IepBHYHON
00paboOTKM TaHHBIX. 3aTeM B MOJIyJie KIIaCCH(UKAIIMUA ONIPENEISACTCS THIT
TUMIIAHOT PaMMBI.

baza maHHBIX THMIIaHOMETpUH BKiIIOYaeT B ce0st b/l Tnmmanorpamm
cootBeTcTBUS HOpME (Tnn A), b/l THMIaHOrpaMM HECOOTBETCTBHS HOpPME
(tunsr:AS, Ad, B, C, D, E) u B]I kpurtepues ouenku. bJ] kpurepues oneHKH
BKJIFOUYaeT B ce0s OCHOBHBIE YETHIpe KpHUTEpus: 00bEeM HapyKHOTO
CIIyXOBOTO  TpOXOJia, TIHK  KOMIDIMAHCA, JaBleHHEe TIuKa |
MIMPUHYTHMIIAHOTpaMMBl.  Pe3yibpTaThl  JUAarHOCTHUKM  3aHOCSATCA B
3NIEKTPOHHYIO KapTy MaleHTa.

Pe3ynbpTaThl CTATHCTHUYECKOTO aHalM3a JaHHBIX HCCIIEIOBaHUS
COCTOSTHHSA CITyXa Ha OCHOBE CYOBEKTHBHBIX H OOBEKTHBHBIX METOZOB MOTYT
OBITH JOMOJTHEHBI YCTAHOBICHHUEM CHITBI KOPPEIISIIMOHHOH CBSI3H U KOCHO-
BO3JIyIITHOTO MHTEPBaJa, pe3ybTaTaMU CTaTHCTHYECKOTO aHAJIU3a pPeueBOi
ayJMOMETPUH, MOJICITMPOBAHUE TECTOBBIX CHT'HAJOB JJISi KOTOPOH OIHCAHO
B [18, 19], npuMeHeHHEM JUMHIBUCTUYECKUX IEPEMEHHBIX Ul aHalIu3a
aymuorpamMm [20]. JIns TOBBIMIEHUS JOCTOBEPHOCTH KOJIMYECTBEHHOM
OLIEHKH CHJIbl KOPPENSIIMOHHOM CBSI3M TOHAIBHBIX ayJuoOTpaMM U
TUMITAHOTpaMM HEOOXOAMMO YBEIMYNUTh OO0BEM BBIOOPKH HCXOIHBIX
nmaHHbIX. [lomydeHHBIE pe3ynbTaThl MOKA3aJIM BO3MOXKHOCTH HMPHUMEHCHHS
JTAHHBIX PacyueToB B KOPPEJSAIMOHHOW aJanTOMETPHH, YTO MO3BOJIUT HPH
MIPOBEJCHNH IPOPHUIAKTUIECKUX OCMOTPOB ONpeNeNsATh 0e3 OOJBIIOro
o0beMa BBIUMCIICHNI HAIMYME OTUTA, a TaKoKe JIpyrue 3a00JIeBaHusI.
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KOMIIBIOTEPHBINA AHAJIN3 SJIEKTPOSHIED®AJIOTPAMM
HNALOMEHTOB C HEBPAJITUE TPOMHAYHOI'O HEPBA
Jlynuna H.E., Kopomxuesa H.T'.

PocroBckuii ['ocynapcTBeHHBIM MeTUIIMHCKANA Y HUBEPCUTET
e-mail: kng-as@yandex.ru

Annoranus. IlpuBeaeHbl pe3ynabTaThl HUCCIEAOBAHHUS W3MEHEHUH
XapaKTepUCTHK OHOAIEKTPUYECKONH aKTHMBHOCTH TOJIOBHOTO MO3ra y
MAIMEHTOB C HEBPAITHEH TPOHHUYHOTO HEPBA M Y 3I0POBBIX HCIIBITYEMBIX
(Ha OCHOBE CIIEKTPaJbHOTO aHAIM3a, C OICHKON 3HAYMMOCTH Pa3IdUHS
maHHelX  U-kputepmem  ManHa-YutHu).  BeiBiaensr  pasnmmuams
CIICKTPATBHBIX  COCTABIAIONIMX  3JEKTpodHIedamorpaMM y  IBYX
UCCIICAYEMBIX TPYIII, B OCOOCHHOCTH, 110 0L U G PUTMAaM.

KiroueBbie cnoBa: manueHThl C HEBpaJITHeW TPOWHUYHOTO HEPBA,
nuddepeHpoBaHHas JMarHOCTHKA, KOMITBIOTEPHBIN aHAIIN3.

COMPUTER ANALYSIS ELECTROENCEPHALOGRAM
PATIENTS WITH TRIGEMINAL NEURALGIA
Dunina N.E., Korotkieva N.G.

Rostov State Medical University
e-mail: kng-as@yandex.ru

Annotation. There are the results of the research of the characteristics
changes of the bioelectrical activity of the patients' brain with trigeminal
neuralgia and the healthy ones (based on the spectral analysis to estimate the
significance of the difference data U- Mann -Whitney). The differences of
the spectral components of the EEG in the two study groups, for a and &
rhythms were revealed.

Keywords: patients with trigeminal neuralgia, differential diagnosis,
computer analysis

BBeaenue:

B Hacrosmiee Bpemsi H3ydeHHE HW3MEHEHUH XapaKTEPHUCTHUK
anekrpodHnedanorpammbl (O3]) y MHanuMeHTOB ¢ HEBPOJIOTHUCCKUMH
HApyIIEHWSIMH ~ SIBIISIETCS.  OTKPBITOH mpobiemoil B Meaniuee. B
mudepeHanbHON  TUArHOCTUKE NAHHOTO BHJA MATOJOTHHA, JUIS
YTOYHEHUS XapaKTepa HEBPOJOTHYECKUX HAPYIIECHUH, JIOKAINU3aluy odara
MaTOJIOTMYECKOH  aKTMBHOCTM B  CTPYKTypax TOJIOBHOIO  MO3ra,
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aneKTposHIedasorpadpus MpakKTUIECKH HE UCTIONb3YEeTCs BpayaMHu, XOTb U
SBISIETCS  TPOCTBIM M D(PQPEKTHBHBEIM  METOJOM  HCCIICIOBAHHS
(YHKIIMOHATFHONH aKTHUBHOCTH MO3Ta, OOHAPYXKECHHS MaTOJOTHICCKOTO
nporecca. Yacto mpu HEBPOJIOTHYECKHX 3a00JEBaHUSIX MaTOJOTHYECKUI
Ipolecc MNOpaXkaeT HEMOCPEICTBEHHO MECTO, IJIe BO3HHMKAaeT OoyieBoe
OIIYIICHHE, YTO OTpaXkaeTcsl Ha xapakTepuctukax O30 [1,2].

HeBpanrus Ttpoitnmanoro Hepa (HTH) wnu TpuremMuHaibHast
HEBpaJITUsi — OTO PACHpOCTPAaHEHHOE XpPOHHWYEcKoe 3aboyieBaHHE
nepudeprudecKoil HEPBHON CHUCTEMBI, TOPaXArollee TPOHHWYHBIA HEPB.
IlposiBnsieTcss HMHTEHCHMBHOM IPHUCTYMOOOpa3HOH Ooipl0 B 30HAX
UHHEpPBAlUM OJHOM MM HECKOJbKUX BETBEH TpPOMHUYHOIO HEpPBA, U
0OBIUHO, C OJTHOW CTOPOHBI JHLA. TPONHUYHBIN HEPB UTPAET BAXKHYIO POJIb
B OpranusMe uyesoBeka. OH OCYIIECTBISIET KaK ABUraTeIbHY0 HHHEPBALIUIO
JKEBAaTENBHBIX MBI, TaK M YyBCTBUTECIBHYIO HHHEPBAIlUIO JIHIA.
OCOOGEHHOCTBIO CTPOCHUS BETBEH HEPBA SBIAETCS TO, YTO HIKHEYEIIOCTHAS
BETBb CHAOXXEHAa W YYBCTBUTEIBHBIMHU, M [IBUTaTEIbHBIMU BOJIOKHAMH, a
IJ1a3Hasi U BEPXHEUYENIOCTHAS BETBb — TOJIBKO UyBCTBUTEIbHBIMHU.

eabl0 JaHHOTO HCCIAEAOBAaHUS SBISIETCS W3Y4Y€HHE H3MEHEHUI
xapakTepuctuk O3  mpu  TpUreMUHalIbHOW  HEBpalrMu 1O
MEJMKAMEHTO3HOTO JIEYEHMS, U CpaBHEHUE C XapaKTEePUCTHKaMU
OMO3IEKTPUIECKON aKTHBHOCTH T'OJIOBHOTO MO3T'a 3/I0POBBIX UCTIBITYEMBIX.
OO0cnemyemple 00€UX TPYII OTHOCITCS K BO3PACTHOM KaTerOpUH OT COPOKa
JI0 WIECTUAECITH JeT. IMeHHO B 3TOM BO3pacTe HAUMHACT Pa3BUBATHCS U
MIPOTPECCHPOBATh JaHHOE 3a00IeBaHME.

3agaua padoTbl:

- BBISIBJICHHE 3HAYMMBIX paznuuuii XapaKTePUCTUK
OMO3NIEKTPUIECKON aKTUBHOCTH T'OJIOBHOTO MO3Ta 3/I0POBBIX HCIIBITYEMBIX
U MAalUEHTOB ¢ HEBpAJITHel TPOMHUYHOIO HEpBa ¢ JAIbHEHIIUM aHAIU30M
MOJIyYEHHBIX PE3yIbTAaTOB IpH oMoty mporpamm Microsoft Excel 2007 u
Statistica 6.0.

MarepuaJjibl M1 METOABI:

B xope mccienoBanusa Obpuin 3amucanbl DD msaTHaaaTH OOJBHEIX,
crpagatomux HTH, #Haxomsmuxcs B  OTHEICHWHM HEBpPaITHU |
Hedipoxupyprun  I'BOY BIIO PoctIMY, u mnarHaanatd 340pOBBIX
UCTIBITYeMBIX Ha Kaeape MequuuHcKoil 1 Ouonorndeckoit pusuxu PI'OY
BO PoctTMY M3 P®. 3anuch NOpoBOIWIACH  MOHOIOJSPHO
snekTposHIedanorpapom-ananuzaropom DI A-21/26-«Dunepanan-131-
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03», mo cucreme «10-20%»» ¢ UCTIOIB30BAaHUEM CIECAYIONINX JIEBATHAIIATH
orBenenuii: Fpl, Fp2, F7, F8, F3, F4, C3, C4, P3, P4, T3, T4, T5, T6, O1,
02, Oz, Pz u Cz B cocrossHuM crokoiHOoro 6onpcrBoBanus. C IENbIO
UCKJTIOUCHUS apTedaKkToB, CBSA3aHHBIX C pabOTOH cepila, MmapauielbHO
PETUCTPUPOBAIIH JIEKTPOKAPIUOTPAMMY.

Ha crnenyromem srtane mnpoBOIWICS CHEKTpaibHbIA aHanmu3 D00
HCIIBITYEMBIX 00€HX IPYII — OBLIIM IOCTPOCHBI YCPETHEHHBIC aMIUTUTYTHBIC
CIIEKTPBI BCEX OTBEJICHUH. BhIIM BBIJICIICHBI YaCTOTHBIE TUANIa30Hbl PUTMOB
O0I:8—or1mo4lm,6—-4-8I'm, a—8-14 ', B — 14-30 ', ammmuTyaHbIE
XapaKTEePUCTUKUA KOTOPBIX BIOCIEACTBUM MTOABEPTaIUCH CPABHEHHUIO.

[IpoBepka runoresbl 0 MOAYMHEHUH IPU3HAKOB 3aKOHY HOPMaJIbHOTO
pacnpesienieHust IpoBoauiIach ¢ momoluipio kputepus lanupo — Yumka B
nporpamme Statistica. B cBsi3u ¢ ManbiM 00beMOM BBIOOPKH MPUMEHSIICS
HeMapaMeTPUYECKU MeTO — TOYHBbIN KpuTepuit MaHHa-YUWUTHHU, THEe 3a
KPUTUYECKUH YPOBEHb CTATHCTUYCCKOW B3HAYUMOCTH TIPUHHUMAJCS P

<0,05.[3]

Tabnuma 1. 3HaueHUs YPOBHS CTaTHCTHYECKOM 3HAYUMOCTH P
pa3IrYuil aMIUTUTYTHBIX XapakTepucTrk 6oapHpIX HTH 1 310poBBIx

P-ypOBEHD p-ypOBeHb | pP-ypOBEHb P-ypOBEHb
paznuuuii paznuuuii pasnuuui pazITuIHiA
OTsencHus aMIUTATY]T aAMITTATY] AMITITATY ] aAMITIATY
& purm 60— put™m 0— PUTM B— putm
02 - A2 0,000076 0,000054 0,000071 0,000043
01 -Al 0,00084 0,00093 0,00012 0,00072
P4-A2 0,0016 0,455 0,00053 0,573
P3-Al 0, 761 0,342 0,00049 0,00072
C4-A2 0,00095 0,452 0,065 0,037
C3-Al 0,00058 0,976 0,0023 0,538
F4-A2 0,000051 0,032 0,435 0,0073
F3-Al 0,00057 0,000149 0,182 0,00084
Fp2-A2 0,000078 0,00041 0,435 0,00047
Fpl-Al 0,000092 0,00077 0,399 0,00053
T6-A2 0,000014 0,00093 0,000062 0,000085
T5-Al 0,000064 0,000071 0,000026 0,000049
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T4-A2 0,000037 0,000014 0,0083 0,000052
T3-Al 0,00081 0,846 0,00096 0,263
F8-A2 0,000027 0,305 0,00091 0,0014
F7-Al 0,000034 0,0041 0,000006 0,803
0z-A2 0,00074 0,0015 0,00053 0,0062
Pz-Al 0,00046 0,0024 0,00071 0,0038
Cz-A2 0,00093 0,0011 0,0012 0,00021

[lpumeuanne: >KMPHBIM O0O3HAYEHBI CTAaTUCTHYECKH 3HAYMMEIE
paznmuuust p<0,05 (o xputepuro MaHHa-YUTHN)

CrekTpanpHblid  aHanu3 OO MO3BONSET TOIYYUTh TOHKYIO
XapaKTepPUCTHKY YaCTOTHOTO COCTaBa dJEKTpodHIedartorpaMmsl B
KOJINYECTBEHHBIX BEJMYMHAX. Y CPEIHEHHbIE aMIUIMTYAHBIC CIIEKTPBI IS
Bcex orBeneHnit OOl 3mopoBeix m OompHBEIX HTH mnpexncraBnensr Ha
pucynkax 1.1 —1.19.

YcpeaHeHHbI aMmNANTYAHbIA cnekTp, otBeaeHue 02-A2

H
N

[
o

3p0posble

MaumeHTbl

Amnautypa, mB

Il it
vrMWWWMMWWMMW

T T T T T T T T T T T T T T T T T T T T T T T T T T
0123456 78 9101112131415161718192021222324252627282930

o N b O 00
I I

YacroTa, Ny,

Pucynok 1.1 — YcpeaHeHHBIH aMIIUTY IHBINA cieKTp oTBeneHust 02-A2
3JI0POBBIX UCTIBITYEMBIX U OOJBHBIX C HEBpPAJITHEH TPOHHUYHOTO HepBa
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YcpeAHeHHbI amNAUTYAHDbIN cnekTp ,0TBegeHne O1-Al

12

10

3p0posble

—— MauuenTsl

Amnantypa,mB

0 12 3 4 56 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynoxk 1.3 — YcpenHeHHbIH aMIIUTy JHBIH criekTp oTBeaeHus O1-Al
3J0POBBIX UCTIBITYEMBIX U OOJBHBIX C HEBPAITHEH TPOHHUIHOTO HEpBa

YcpeAHEHHbIW amnAUTYAHDbIN cnekTp ,0TBeaeHune P4-A2

i
~

=
o

6 3p0poBble

4 —— Nayuentol

Amnautyga,mB

2O 123456 7 8 91011121314151617 18 19 20 21 22 23 2425 26 27 28 29 30

YacroTa,ly,

Pucynok 1.4 — YcpeqHeHHBIN aMIUTATYIHBIN CIIEKTp oTBeneHus P4-A2
3IOPOBBIX UCTIBITYEMBIX U OOJIBHBIX C HEBPAITUECH TPOHHUYHOTO HEPBa
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YcpeAHeHHbI amNAUTYAHbIM CneKTp ,oTBegeHue P3-Al

—— 3p0posble

—— MaumeHTb!

Amminryna,mMmB
S

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,I'n

Pucynoxk 1.5 — YcpenHeHHBIH aMITIUTY THBIH cliekTp oTBeaeHus P3-Al
30POBBIX UCIIBITYEMBIX U OOJBHBIX C HEBpPAITUEH TPOHHUIHOTO HEPBA

YcpeAHeHHbI amnanTy aHbIA cnekTp ,0TBeAeHue C4-A2

—— 3p0poBble

—— NauyeHTsl

Ammauryaa,mB

01 23 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynoxk 1.6 — YcpenHeHHBIH aMITIUTy THBIH CIeKTp oTBeaeHus C4-A2
3JIOPOBBIX UCTIBITYEMBIX M OOJBHBIX C HEBPAITHEH TPOHHUIHOTO HEpBa
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YcpeAHeHHbI amNAUTYAHbIA cneKTp ,oTBeaeHue C3-Al

12

3popoBble

—— MaymeHTbl

Amnautyaa,mB

012 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynok 1.7 — YcpeqHEHHBIN aMILTUTYTHBIN criekTp oTBeAcHus C3-Al
3ITOPOBBIX UCTIBITYEMBIX U OOJIEHBIX C HEBPAITHUECH TPOHHHIHOTO HEpBa

YcpeHeHHbI amnNAuTygHbl cnekTp ,otBeaeHune F4-A2

3p0poBble]

— MaumeHTbI

Amnautyaa,mB
o B N W B U1 O N 0 W

0123456 78 91011121314 15161718 192021 22 23 24 252627 28 29 30

YacroTa,ly

Pucynox 1.8 — YcpeqHeHHBIN aMILTUTYAHBIA CIEKTp oTBeAeHUs F4-A2
3JI0POBBIX UCIIBITYEMbIX U OOJBHBIX C HEBPAJITHEH TPOHHUYHOTO HEpPBa
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YcpeaHeHHbI aMNIUTYAHbIM CneKTp ,oTBeaeHue F3-Al

12

3p0poBbie

—— MaumeHTbl

AmnauTtyga,mB

0123456 7 8 910111213 1415161718 19 20 21 2223 24 25 26 27 28 29 30

Yacrora,ly

Pucynox 1.9 — YcpeaHeHHbIH aMIDIUTYIHBINA CIIEKTp oTBeneHus F3-Al
3JIOPOBBIX UCTIBITYEMBIX U OOJIbHBIX C HEBPAJITHEH TPOHHUYHOTO HEpBa
MalleHTOB

YcpeAHEeHHbI aMNAUTYAHDbIA cnekTp ,0TBeaeHune Fp2-A2

3po0posble

— MaumeHTbl

Amnantyaga,mB

0123456 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynoxk 1.10 — YcpenHeHHBIH aMIUIMTYAHBIN CIIEKTp OTBeAeHus Fp2-A2
3JI0POBBIX UCIIBITYEMBIX U OOJBHBIX C HEBpPAJITHEeH TPOHHUYHOTO HepBa
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25

20

15

10

5

Amnautyga,mB

0

YcpeaHeHHbI aMNANTYAHbIM cnekTp ,oTBegeHue Fpl-Al

3p0posbie

—— MaumeHTbl

g

01234567 8 91011121314151617 18 192021 22 23 24 2526 27 28 29 30

| 'M“Mwwwvwwmhmﬁmwmwwyw oo

Yacrora,l'y,

Pucynok 1.11 — YcpenHeHHbIH aMIUIMTYAHBIN cieKTp oTBeneHus Fpl-Al
3JI0POBBIX UCIIBITYEMBIX U OOJBHBIX C HEBPAJITHEW TPOHHUYHOTO HEpBa

Amnautyaa,mB
N w » w (<)) ~ <] w

0
-1

YcpeaHeHHbIi amNAUTYAHbIN CnekTp ,oTBeaeHne T6-A2

012 34567 8 9101112131415161718 19 2021 22 2324 2526 27 2829 30

Yacrora,ly

3poposble|

—— Nauunentbl

Pucynok 1.12 — YcpenHeHHBIH aMIUTUTYIHBIN CIIEKTP OTBEACHUS 1 6-A2
3J0POBBIX UCTIBITYEMBIX ¥ OOJIBHBIX C HEBpaJITHel TPOHHUYHOTO HEpBa
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YcpeAHEHHbIW amnanTyAHbIN cnekTp ,oTBeAeHue T5-Al

12

3p0posble

—— NaumeHTbl

Amnautypa,mB

01 2345 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynok 1.13 — YepenHeHHbIH aMIUTUTYAHBIN CIIEKTp oTBeAcHHs 15-Al
3[I0POBBIX UCIIBITYEMBIX U OOJBHBIX C HEBPAJITUEH TPOHHUYHOTO HEpBa

YcpeAHeHHbI aMNAUTYAHbIM cnekTp ,0TBeaeHue T4-A2
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g 3p0poBble
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o

01234567 89101112131415161718192021222324252627282930
Yacrora,l'y,

Pucynok 1.14 — YcpenHeHHbIH aMIUIUTYIHBIN CTIEKTp oTBeAeHUs T4-Al
3[I0POBBIX UCTIBITYEMBIX U OOJBHBIX C HEBPAITHEH TPOHHUIHOTO HEpBa
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YcpeaHeHHbI aMNAUTYAHbIN CNekTp ,oTBegeHue T3-Al

12

10

3p0posble

—— MauueHTbl

Amnautyaa,mB

01234567 8 91011121314151617 1819202122 2324252627 282930

YacroTa,ly

Pucynok 1.15 — YcpenHeHHBIN aMIUTUTY THBIH CEKTp OTBeAeHus T3-Al
3J0POBBIX UCIIBITYEMBIX ¥ OOJIBHBIX C HEBpaJITrHeld TPOHHUYHOTO HepBa

YcpeaHeHHbli amnNANTYAHbIM cneKTp ,otBeaeHune F8-A2

3p0poBbie

6 — NauueHTsbl

Amnautypa,mB

0123 456 7 8 9 1011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly

Pucynoxk 1.16 — YcpenHeHHBIH aMIUTMTYIHBIN CIIeKTp oTBeneHus F8-A2
3J0POBBIX UCTIBITYEMBIX U OOJBHBIX C HEBPAITHEH TPOHHUYIHOTO HEpBa
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YcpeaHeHHbI amnNAnTyaHbl cnekTp ,oTBegeHue F7-Al

12

——— 3poposble

—— MauueHTbl

Amnnutyaa,mB

012 3456 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,ly,

Pucynok 1.17 — YcpenHeHHBIH aMIUTMTYIHBIN CIIEKTp oTBeAeHus F7-Al
3J0POBBIX UCTIBITYEMBIX U OOJIBHBIX C HEBpaJIrUel TPOHHHYHOTO HEpBa

YcpegHeHHBIA amnAMTygHbIN cnektp ,oTeegeHue Oz-

A2

12
g 10 —— 3[0poBbl
m B e
= . | MaumeHT
E bi
s 4 |
=
I 2

=

012345678 91011121314151617181520212223242 52627 282930

Yacrora,ly

Pucynoxk 1.18 — YcpenHeHHBIN aMIUTUTYAHBIN crieKTp oTBeAeHus Oz-A2
3IOPOBBIX UCHBITYEMBIX U OOJIBHBIX C HEBPAITHEH TPOMHUYHOTO HEpBa

112



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

YcpeaHEeHHbII amnAUTYAHbIN CeKTp ,0TBeAeHue Pz-Al

14

12

3n0poBble
5 —— MNaumeHTbl

Amnautypa,mB

01234567 8 9101112131415161718 19 2021 22 23 24 2526 27 2829 30
Yacrora, 'y

Pucynoxk 1.19 — YcpenHeHHBIH aMIUIMTYAHBIN CIIEKTp oTBeAeHus PZ-Al
3JI0POBBIX UCTIBITYEMBIX U OOJBHBIX C HEBPAITHEW TPOHHUIHOTO HEpBa

YcpeHeHHbI aMNUTYAHbIN CNeKTp ,0TBeeHune Cz-A2

3

—— MauueHTbl

Amnautyaa,mB

0
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Yacrora,l'y

Pucynok 1.20 — YcpenHeHHbBIH aMIUTMTY IHBIN criekTp oTBeacHus Cz-A2
3ITOPOBBIX UCTIBITYEMBIX U OOJNIEHBIX ¢ HEBPAITHEH TPOHHUIHOTO HEpBa

Ha cnekTtporpaMMax HaXOAWUT OTPaKEHHE aMIUIATYJa YacCTOTHBIX
cocTaBistronnx DO Ha MOMEHT HccliefoBaHUsg. DTO JAaeT BO3MOXKHOCTH
OTPENICINTh COOTHOIICHUE Pa3HBIX PUTMOB, cocTaBsiomux OO0, u
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BBISIBUTDH T€ YaCTOTHI, KOTOPBIE HE ONPENENIOTCS IPU BU3yaIbHOM aHAIN3e
B CBSI3U C UX Majoi ammuutynoi. CrnekrpanbHbiil aHanu3 991 nposoauics
npu omMoIny nporpamMmel Microsoft Excel.

PesyabTarsl:

AHanuzupys yCpEIHEHHbIE YaCTOTHBIE XapaKTEepPUCTHKH
3NIEKTPOIHIE(ATOTPaMM  HCCIIEAYEMBIX TPyNI (TMAalHdeHThl W 3JI0POBBIE
UCHIBITYEMBbIE) TO TOYHOMY KputTepuio U-kpurepuem ManHHa-YUTHH,
BBISIBJICHO, YTO YPOBEHb JIOCTOBEPHOCTH paziuuuii Bbicok (Tabmmma 1, 3a
KPUTHYECKUH yPOBEHb CTATHCTHYECKOH 3HaUMMOoCTH npuHUMancs p<0,05).
3HaunMBle paszIW4Md, Kak BHAHO, HAONIOMAfOTCAd MO BCEM pHTMaM B
OOJIBIIMHCTBE OTBEICHUII.

IIpy  neTanbHOM — aHanmM3€  CHEKTPAJbHBIX  XapaKTEPUCTHUK
OMO2JIEKTPUYEeCKOW  aKTHBHOCTH  TOJIOBHOTO ~ MO3ra  BBISBJICHBI
CYIIIECTBEHHBIC OTIMYMS aMILTUTY HCCIETyEeMBbIX pUTMOB. Pazmmaue 1o a-
PUTMY BCEX OTBEICHMHA Yy 3H0pOBOIO HCIBITYEMOTO U TAalUCHTa C
HEBpaJITyell TPOUHUYHOTO HEPBa, MPOSBISIETCS. B YMEHBIICHUH aMILUIUTY I
AHHOTO YacTOTHOrO amama3zona y OompHBIX HTH mo cpaBHeHmio co
3IOPOBOH TPYNIIION. AMIUTUTYa HU3KOYaCTOTHBIX PUTMOB G U O TIOBBIIIICHA
B CpPaBHEHHH C HOPMOH BO BCEX OTBEJICHMSAX M 3HAYUTEIHHO NpeoliangaeT
HaJ| aMIUTUTYI0U o0 — pUT™Ma B TOOHBIX oTBeaeHusx (Puc. 1.1 —1.19).

Taxum 06pa3oM, y MaMeHTOB ¢ HEBpAITHEH TPOWHUYHOTO HEpBa MO
CPaBHEHHUIO CO 3IOPOBBIMH HCHBITYEMBIMU HAOMIOAAIOTCS XapaKTEpHBIE
ANEeKTPodU3HONIOTHYCCKHEe U3MeHeHuss ODI. 3HauMT, NaToJIOTHYeCKHe
M3MeHeHNA B ()yHKIMOHHPOBAHUH CHCTEMBI TPOHHWYHOTO HEpBa HAXOIAT
OTpaXXCHUE U B XapaKTEPHUCTHUKAX AIIEKTPOIHIE(PATOrPaMMBI.

1. MauBenos JI.C., TiopuumkoBa B.M., KanpikoBa A.B.
TpuremMmuHabHAS HEBpPAITHUS: SIHIEMHOJIOT U, ITHOJOTHS,
natoMopdoJiorys, TMaToreHe3, KIMHWKA, JAuarHoctuka // Pycckuii
MeauuuHCekui xkypHan. — 2013, — T.21, Ne 10. — C. 542-544,

2. Tnesmunkuii B.B. OOpatnas 3amaua OO W KIMHHYECKAs
anekTpodrHnedansorpadus (KapTUpPOBaHHE U JIOKAIHM3ALUS KCTOYHHKOB
AIEKTPUIECKO# akTuBHOCTH Mo3ra). / B.B. I'mesnurckuii Taranpor.: Usn.
TPTY coemectro ¢ HITK® «MEJITMKOM MT/», 2000 r.

3. Pebpora O.I0. Craructudeckuii aHAIH3 METUIIMHCKAX JaHHBIX.
[Ipumenenne makera npukiIagHeix nporpamm STATISTICA / O.IO.
Pebpora. — Mocksa: U3n-Bo Memnua Cdepa, 2006. — 312¢. — 3-¢ usganue.
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PA3BPABOTKA AJITOPUTMA UCCJIEJOBAHUS CKOPOCTHU
IMOTOKA B CENITAJIbBHON APTEPUH BO BPEMS
CEPJAEYHOI'O LIUKJIA
Heenesa E.A.

Cankr-IletepOyprekuit rocynapCcTBEHHBIH 3JI€KTPOTCXHUIECKUH YHHBEPCUTET
«JIOTU» um. Ynbsnosa (JIeHuHa)
e-mail: eievleva94@mail.ru

AHHOTanmss. B crathe craBUTCA 3a7ada pa3paboTaTh aIrOPUTM
UCCIICIOBaHUS CKOPOCTH IIOTOKA B CENTAJbHOW apTepuu BO BpeMms
CEepAEYHOTO IMKJIa U TPOBECTH MCCIIEOBAaHIE CKOPOCTH MOTOKA. AJITOPHTM
MOCTPOEH TIPH UCIIOJNB30BAaHUM KIMHUYECKHUX NAaHHBIX, MOMYYCHHBIX B
OTJIEJICHUU SH/IOBACKYJSPHOH XUpypruu ['opojckoil MHOrompoduiIsHON
oonpaMIEI Ne 2. B mporpamme SolidWorks Simulation mnpoBeneHs
BBIYHCJICHU IEPEMEIEHNH CTEHKH COCy/1a TIPH [IeCTH 3HAYSHUAX JaBICHUS
co cropoHbl MUOKap/a. C y4eToM 3THX TepeMellleHHH MOCTPOCHbI MOJISITH
JIeOpMUPOBaHHBIX CENTAIbHBIX apTepuil. B 3TUX apTepusx Hpu mecTd
3HAUEHMAX IAaBJICHWS Ha BBIXOJE W3 apTepHil, U CKOPOCTH Ha BXOJE B
aprepun B cpexe SolidWorks Flow Simulation paccumTanbsl cKOpoCTH
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KpOBOTOKa B apTepui. [1o pe3ynbraTtaM HcCIenOBaHUS CAENaH BBIBOA, UTO
MOTOK B Hambonee eOpMHUPOBAHHOM YYacTKe COCyAa IMepeMelnaeTcs C
MaKCUMAaJIbHOW CKOPOCTBIO BO BPEMs JHACTOJIBL.

Kirouessie CloBa: raneprpoduyeckas KapMOMUONATHS,
sXoKapauorpadus, cenTaibHas aONAlMsA, aHrHuorpamma, ajrOpHTM,
UCCJIEZIOBAHMS], CKOPOCTh IIOTOKA, CEPACUHBIN LUK, TUACTOJIA.

DEVELOPMENT OF ALGORITHMS RESEARCH FLOW
VELOCITY THE SEPTAL ARTERY DURING THE CARDIAC
CYCLE
levleva E.A.

Saint Petersburg State Electrotechnical University «LETD»
e-mail: eievleva94@mail.ru

Abstract: The article seeks to develop an algorithm flow rate study in
the septal artery during the cardiac cycle and to conduct a study flow. The
algorithm is built by using clinical data from the Department of Endovascular
Surgery City Hospital number 2. In the SolidWorks Simulation software
calculation performed movements of the vessel wall with six pressures from
the myocardium. With these movements the models deformed septal artery.
In six of these arteries at the pressures at the outlet of the arteries, and the
speed at the inlet of the arteries in the SolidWorks Flow Simulation
environment calculated blood flow velocity in an artery. The study
concluded that the flux in the most deformed portion of the vessel is moving
at a maximum speed during diastole.

Key words: hypertrophic cardiomyopathy, echocardiography, septal
ablation, angiogram, algorithm, studies, flow velocity, cardiac cycle,
diastole.

Beeoenue. Tuneprpoduueckas kapaumomuonarus (I'KMII) -
3a00NeBaHMe, KOTOPOE XapaKTePH3YeTCsl YacThIMHA  YXYAIICHUSIMU
UACTOIMIECKOHN (DYHKIIMH JIEBOTO KEIYJOUKA, YTOIIIEHUEM CTEHOK JIEBOTO
JKEMyIOoYKa,  3HAYUTENBHBIM  (UOpO30M  MHOKapa W YacThIM
BO3HUKHOBEHUEM HAPYIICHUH ceplieYHOTO puTMa. [ uneptpodust Muokapa
MOJKET BOBJICKAaTh KaK OTJAEIbHBIC CTEHKH WM CETMCHTHI JKEIYIOYKOB
(acummetpuunbiit BapuanT [ KMII), Tak 1 pacipocTpaHsIThCs HA BCE CTCHKH
Kenya0ukoB (cummeTpruusbiil Bapuant ['KMII). B GonbmuHCTBE ciydaes
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runepTpodus  JIEBOro  JKemyJodka  ObIBaeT  aCHMMETPUYHOH ¢
npeobnamaHueM yTONICHUST MEXOKeIy0ukoBoii meperopoaku (MXKII) o
CPaBHEHUIO CO CBOOOIHBIMY CTEHKaMH JIEBOTO xKemymouka. Tommuaa MKIT
MOXeT ObITh B 1,5-3 pasa Oosbllle TOJIIMHBI 3aJHEH CTEHKU JIEBOTO
s)kenynouka. Maoraa tommmuaa MXKIT mocturaer 50-60 mwm [1]. TKMII
UMEeT TeHETHUYECKYIO JICTEPMUHUPOBAHHOCTE. COINIACHO PEKOMEHIAIMSIM
BcemupHoii opranuzanuu 31paBoOXpaHCHHS, PA3IMYAIOT OOCTPYKTUBHYIO C
CHUCTOJIMYECKUM TPAJAMCHTOM JIaBJICHHUS Ha BBIXOJHOM TpaKTe JIEBOTO
JKEITYyI0YKa U HEOOCTPYKTHBHYIO (0€3 CHCTONMYECKOTO IPaJieHTa JaBICHS
HAa BBIXOJHOM TpPaKTE€ JIEBOTO JKEIymoudka) (opmbl 3a00ieBaHUS.
CHCTONMYECKUH TpaAWeHT IaBICHUS HA BBEIXOJHOM TpakTe JIEBOTO
KEIyT0YKa SIBIISIECTCS CAMBbIM YHUKAITLHBIM U IEMOHCTPATHBHBIM IIPU3HAKOM
npu ['KMII [2]. TKMII guarnoctupyercst IByXMEpHOW 9X0oKapanorpaduet,
KOTOpast MO3BOJIACT YTOYHUTh aHATOMHYECKHE OCOOCHHOCTH 3a00JIeBaHMS,
BBIPKEHHOCTh THIIEPTPOPUN MHUOKAP/a, CTETIEHbh OOCTPYKIIUU BBIBOAHOTO
TpakTa JIEBOrO IKelymouka. [Ipu TipoBefeHUHM dXOKapauorpadum
OIICHWBACTCA CTENCHb HAPYIICHUS JHACTOIMUCCKOW (YHKIMH JIEBOTO
JKEITyI0YKa, ONPENEISIETCS TPAJUCHT JaBIICHHUS B BEIXOJHOM TPAKTE JIEBOTO
skenynouka [1]. Jdns newenus ['KMII "3010TbIM cTangapTOM" CHMKEHUS
OOCTPYKITH BBIXOHOTO TPAKTa JIEBOTO XKEIyJ0UKa MPU3HAHA CeNTaIbHAs
MudKkTOMUS. C pa3BUTHEM PEHTTCHOXHPYPTUICCKAX METOJOB y MAIMEHTOB
BBICOKOTO ~ XMPYPTHUECKOTO PHUCKa, OOYCIOBIEHHOTO MPEKIOHHBIM
BO3paCTOM  HWJIM  COINYTCTBYIOUIUMH  3a0OJICBaHUSIMH,  TOSBHJICS
ATBTEPHATUBHBIN, DHIOBACKYISPHBIM METON YCTPAaHEHHUS OOCTPYKIHH
BBIXOJTHOTO TpaKTa — AIKOTONbHAs cenTainbHas abmsamus [3]. CenranpHas
a0l TIPOBOJMTCS IYyTEM CEJIeKTHUBHOTO BBeaeHus 100% »staHona B
CENTATbHYI0 BETBb KOPOHAPHOH apTepHu. DTO NPUBOJUT K Pa3BHTHIO
HeOobImoro mHpapkTa MuUOKapAa 0a3abHONW YacTH MEXIKEITYI0YKOBOM
MIEPErOpOaAKH, KOTOPBIA MPUBOJUT K €€ UCTOHYCHHIO. JTO BJICUET 32 COOOU
YMEHBIIICHUE TPaJIMEHTa JaBICHUS B BBIXOJHOM OTEIIE JIEBOTO JKeTyJ0uKa
Y pacIIMpPEeHHEe BBIXOAHOIO OTJIENa JIEBOTO Kenyqouka [4].

Llenv pabomul: TOCTPOUTH ANTOPHUTM, IIO3BOJISIONINN BBIOUPATH
BPEMEHHOM MHTEPBAJT CEPJICTHOTO ITUKJIIA JIJIS CENTATbLHON a0JISINN.

3aoauu:

1. Pa3paboTaTh aJITOPHTM WCCICAOBAHUS CKOPOCTH TIOTOKA B
CeNTAIBHON apTEepPHH BO BPEMsI CEPACUHOTO IHUKIIA;
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2. [IpoBecTn wWccnenOBaHNWE BIMSHUSA COKpAIICHHS MHOKapaa Ha
reMOJIMHAMUKY B CENTaJIbHON apTepuu.

Pucynok 1 — AnruorpaMma centajlbHOU apTepun

AJITOPUTM TIOCTPOEH TPU HCIOIB30BAHUM KIMHUYECKUX IaHHBIX,
MOJYYCHHBIX B OTICICHUM DHIOBACKYJSIPHOW XUpypruum [ oponckoit
MHOTONPOGUIBHON OOTBHUIIEI Ne 2:

1. AHTHOTpaMMBI cenTaabHOM apTepuu (puc.l);

2. Dxokapauorpaguueckoro ucciaenoBaHus JeOpMaliid  CTEHKU
MHOKap/a B 30HE PACIONIOKECHHS CENTAIBHOMN apTepuu (puc.2);

Pucynok 2 — Dxokapanorpadudeckoe uccienoBanue aeopmanyu CTeHKA
MHOKap/a
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3. I'paduka maBieHuil MpHu BXOJAE B CENTATBHYIO apTEPHIO BO BPEMS
cepaedHoro mukia (puc.3);

Pxlla

30

0 Lc
0 0.2 0.4 0.6

-
oo

Pucynok 3 — MI3MeHeHMe AaBIEHUS HA BXOJIE B CENTAJIbHYIO apTEPUIO BO
BpeMsI CEpJICHHOr0 LKA

4. I'paduka ckopocTeli Ipu BXOJIE B CENTAIBHYIO apTEPUIO BO BpeMs
cepaeyHoro nukia (puc.4).

V.Mm'e
0.9

0 t.c
0 0,2 04 0.6 0.8

PucyHnok 4 — M3MeHeHne CKOPOCTH Ha BXOJIE B CENTAIBHYIO apTEPUIO BO
BpEMsI CEpJCUHOTO IIUKIA
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I'eomeTpuueckass MoJieiab CENTaTbHONW apTepuu, MOCTPOEHA IO
anruorpamme (puc. 1) B nporpamme SolidWorks 2013.

Beenens! crenyronye JONYIICHUS:

1. [laBneHue Ha CTEHKH CENTAJbHOW apTepUy YHCICHHO PaBHO
HaIpsHKEHUIO B MUOKAp/E B 30HE PACIIONOKEHUSI 3TOM apTepuu (U3 yCIOBHM
CTaTUYECKOH 3KBUBAJICHTHOCTH);

2. Martepuan CTEHKHM apTepUH  CIUIOIIHOH, OJHOPOIHBIN,
HU30TPOMHBIH;

3. laBieHue paBHOMEPHO paclpeAesieHo 10 IOBEPXHOCTH COCYIa;

4. Monyns ympyroctu creHku cocyna E=0.8 MIla, xoaddumuent
[Tyaccona p=0.4;

5. CenranpHas apTepus JKECTKO 3aKpeIuleHa @0 TopuaMm B
cooTBeTcTBUM ¢ mpuHIUnoM CeH — BeHana.

W3MeHeHHsI SKBHBAJCHTHOTO HANpPSDKEHUS B 30HE PACIOIOKCHHS
CENTaJbHON apTepuu BO BPEMs CEPACYHOTO LUKJA OIpENeNseTcs IMpu
UCIIONIb30BaHUM (YHKIIMOHAIBHOW 3aBUCHMOCTH g(t), M0 KIMHUYECKUM

JNaHHBIM W (QYHKIIMOHAJIHHOW 3aBHCUMOCTH JTHHAMHYECKOTO MOIYJIS
HOPMaJILHOM YIPYTOCTH OT BPEeMEHHU 1K [5]:

. (1)=&, (E, (t).

= o os

2

&3 = 0,
rac &, — OTHOCUTCJIBHOC YJJIMHECHUC B MCPHUJUOHAJILHOM
HaIpaBJICHUHU, &, — OTHOCUTCIIBHOC YJIMHECHUE B OKPY>KHOM HallpaBJICHUU.

PaccunTanHble 3aBUCHMOCTH JaBJICHUS CO CTOPOHBI MHOKapla Ha
CTEHKHU CENTAITbHON apTepUH OT BPEMEHH CEPACIHOTO IUKIIA IPUBEICHBI Ha
puc 5.
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PxIla

80
70

60

0 0,2 04 0,6 08

PucyHok 5 — MI3MeHeHue naBIeHus CO CTOPOHBI MHOKAp/1a Ha CTECHKU
CeNTaabHOU apTepUH BO BPEMsI CEPIECUHOr0 LIUKIA

B mporpamme SolidWorks Simulation mnpoBeneHbl BBIYHCIICHHS
nepeMelIeHIi CTEHKH COCY/a IPH MIECTH 3HAYCHUSX JIaBJICHHS CO CTOPOHEI
MHOKap/ia, KOTOpbI€ MOKa3aHbl ToukaMu Ha puc. 5. [lonme mepemernieHuii
crenku nipu nasineHun 70 klla mpuBemeno Ha puc. 6. C yd4eToM 3THX
MepeMeleHNi TOCTPOSHBI MOJENH  1e(OpPMUPOBAHHBIX CENTAIBHBIX
apTepuil. B 3Tux aprepusax mpu ImecTH 3HAYEHHSX CKOPOCTH (puc. 4) Ha
BXO/IE€ B apTepUI0 W INECTH 3HAYCHUSIX [ABIEHHWA HAa BBIXOJAE apTEpHH,
KOTOpBIE NPAKTHYECKH HE OTIIMYAIOTCS OT JIABIICHUS HA BXOJIE B CETITAIILHYIO
apreputo (puc. 3), B cpene SolidWorks Flow Simulation paccumransr
CKOPOCTH KPOBOTOKA B apTEPHUH.
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Pucynoxk 6 — Ilone mepeMeniennii CTEHKH CeNTaIbHOM apTepuu pu
nasnennu 70 xI1a

Pucynox 7 — JIuHUHM TOKA, OKpALICHHBIE [0 BETMYHNHE CKOPOCTH, B
Je(OpMUPOBAHHO CenTaIbHOMN apTepuu
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Ha puc. 7 mpuBeneHbl JNHHUM TOKa, OKpAIlIEHHbIE 0 BEIUYUHE
CKOpOCTH, B ceNTanbHOM aprepuu npu nasnenuu 13,3 xlla Ha BeIXOZAE U3
aprepun 1 ckopocTr 0,8 M/c Ha BX0JIe B apTepHIO, a Ha pUCYHKE § TIOKa3aHa
3aBUCUMOCTh CKOPOCTH IIOTOKa KpPOBH B Hauboiee AehOpMHPOBAHHOM
y4acTKe COCyZAa OT BPEMEHH cepiedHoro nukia. Hambosbimas ckopocTs
IOTOKa KpOBU HaOmojaercs B Haubonee IeGOpMHUPOBAHHOM YUacTKe
coCyJia B INAacTOIy.

1

MC

. 1.c
Pucynok 8 — MI3MeHeHe cKOpoCcTH TTOTOKa B Haubosee 1eOpMUPOBAHHOM
y4acTKe COCy/ia BO BpeMsI CEpACYHOTO IUKIIa

Bu16o0: Pa3paboTan airopuTM HCCIEOBAHUS CKOPOCTH TOTOKA B
CeNTalIbHOW apTepud BO BpPEMsl CEPJCYHOr0 IHUKJIA U IPOBEICHO
HCCIIEIOBaHHsT CKOPOCTH MOTOKAa. Pa3paboTaHHbBI anropuT™M TMO3BOJSET
OMNpPEICIUTh BPEMEHHON WHTEPBad aOJAIMU CENTATBHOW apTepHu IIpH
Pa3IMYHBIX TATOJOTHUECKUX N3MEHEHHI ee U CIIeTyTOIINX 3a HeH 110 IMOTOKY
apTepusx.

1. 3aBomumkoBa E. H. Tumeprpoduueckas kapawmoMuonartws.
JlexapcTBennsrit BectHUK, Ne 7 (39) 2010 Towm 5.
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JOMOJIHUTEJBHBIN CIIOCOB JTUAT'HOCTUKHU MIIEMUHN
T'OJIOBHOI'O MO3I'A, OCHOBAHHBIN HA
SJEKTPOOHIE®AIIOTPAOUYECKOM NCCJIIEJOBAHUA
Kuoicesamosa E.A., Omenvuenxo B.I1.

Pocrosckuit I'ocynapctBennbiii MeaqunuHckuil Y HUBEpCUTET
e-mail: vitaly.omelchenko@mail.ru

AnHoTtanus. B Hacrodmiee BpeMsi yBEJIMYMBAETCS YHCIIO JIIOJEH,
CTpaJaroIUX KOTHUTUBHBIMU HApPYIICHUSIMH, BBI3BAHHBIX JTHA0CTHUCCKON U
JTUCLIUPKYISTOpHOH SHIIedanonarueil. /1o cux mop He pa3paboTaHbl eAHHBIE
noaxoapl B IuddepeHranbHOl AUarHOCTHKE KOTHUTHBHBIX HapyIIeHUH
MoO3ra TMpH JTUX 3a0oneBaHMAX. B pabore ommcaHo NpUMEHEHHe
MaTeMaTU4eCKIX METO/I0B aHajIn3a XapakTepucTuk D3I, Y cTaHOBIEHO, UTO
B OOl HaxomaT OTpaXeHWs H3MEHEHHs KOTHUTHBHOW JIeATENIbHOCTH,
0c0oOEHHO 3HaUYMMble I3MEHEHHS TIOJTyYeHbI B alb(da- U AenpTa-Iuana3oHax.
IIpy mnomomM JOUCKPUMUHAHTHOTO aHAJIM3a COCTABJIEHBl MAaTpPHLBL
KJIaCCU(PHKALIIK JJIS pa3lielieHHs] Ha TPYIIIbI OONBHBIX U 3I0POBBIX.

KiroueBsle cioBa: anekTposHueaorpapuueckie XapaKTepHUCTHKH;
KOTHUTUBHBIE HapyUICHUS; JIrabeTHaecKast sHIeaIONaTHS;
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JUCHUPKYIATOpHas — SHIedanonaTus; IUCKPUMUHAHTHBIE  (QYHKINY;
cHeKTpanbHbIi aHamm3 90T,

ADDITIONAL WAYS TO DIAGNOSE CEREBRAL ISCHEMIA
BASED ELECTROENCEPHALOGRAPHIC INVESTIGATION
Kizhevatov E.A., Omelchenko V.P.

Rostov State Medical University
e-mail: vitaly.omelchenko@mail.ru

Abstract. The number of the people suffering from cognitive
violations, basis on diabetic and dyscirculatory encephalopathy increases.
Still uniform approaches in differential diagnostics of cognitive violations of
brain at these diseases aren't developed. In work application of mathematical
methods of the analysis of characteristics of EEG is described. Established
that find reflections of change of cognitive activity in EEG, and especially
significant changes are received in alpha and delta ranges. By means of the
discriminant analysis classification matrixes for division into groups sick and
healthy are made.

Key words: characteristics of electroencephalography; cognitive
violations; diabetic encephalopathy; dyscirculatory encephalopathy;
discriminant functions; spectral analysis of EEG.

B Hacrosimiee BpeMs NMPOJOJDKACT YBEIMYUBATHCS YHUCIO JIIOICH,
CTpafafoIIuX KOTHUTUBHBIMH HAPYIICHUSMH, BBI3BAHHBIX Pa3INIHBEIMH
(hakTopamm, cpear KOTOPHIX THIIEPTOHUS W HApYyIICHHE KPOBOOOPAIICHHS.
[IpoBecTH OIEHKY HAPYIICHWH KOTHUTHUBHBIX (YHKIIUH MOXKHO HE TOJBKO
MIPY TTOMOIIM KOTHUTHUBHBIX 33/1a4 ¥ TICHXOJOTHYECKUX TECTOB, HO U TMPH
INMEKTPOYHU3UOIIOTHIECCKOM HccaenoBanuu [5]. JlocTaTouHO aKTyalbHO
SIBJISIETCS HE TOJILKO cama DI, HO M JOIOJHUTEILHEIE METOIELI €€ aHAJIN3A,
KOTOpBIE OBl MOBBICKHIIA MH()OPMATHBHOCTh JAHHOIO HcciemoBanus [2,3].
Heob6xoauMocTs B pa3paboTKe aeKBaTHBIX COCO00B AudhepeHInanIbHOH
MUATHOCTUKN OOYCIIOBIICHA TEM, YTO KOTHUTHBHBIC H3MCHEHHUS BHOCST
3HAYUTEIBHBI BKIAA B KIMHAYECKYI0 KApTHHY IUCHUPKYISATOPHOM
SHIedamonaTui. OTH CHMITOMBI MOTYT CHHJKATh KauyeCTBO IKH3HU
MAIMECHTOB, 3aTPYAHATEH aalTaIUI0 K XpOHHYeCKoMy 3aboieBanuio [1,4].
Mexny TeM, HaTHYHe KOTHUTUBHOW TUCQYHKIIUH, Ma)Ke B MUHHUMAIbHBIX
MPOSIBIICHUSAX, SBISCTCS (PAKTOPOM pHUCKa pa3BUTHsA 0oJice BBIPAKECHHBIX
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PacCTpOMCTB BBICIIMX IICUXMYECKHX (YHKIMH, OTATOIIAET IIPOTHO3
pa3BUTHSI 3a00JICBAHHS.

Takum oOpa3om, menb nOaHHOH paboTBl — JAEMOHCTpanus
BO3MOXKHOCTeH  KOMIbloTepHOH O3I° Kak MHCTpYMEHTa  OLIEHKH
KOTHUTUBHBIX (YHKIAN Y OOJIBHBIX C IUCIUPKYIATOPHOH SHICPaTONATHEH
MPH TIOMOINU TIPUMECHEHUS MATEMaTHYSCKUX M CTATHCTUYCCKUX METOJIOB
aHanu3a. A Takxe BbIABICHUE ocoOeHHocTel DI, KOTOphie CBOWCTBEHHBI
Ji1s1 OOJIBHBIX C AMCIMPKYJIATOPHOM 3HIIeamonaTren.

3amadell WCCENOBAaHUS SBISETCS TOBBIIICHHE 3(PPEKTHBHOCTH
paHHE! TUarHOCTUKU KOTHUTHBHEIX PACCTPOMCTB, BI3aHHBIX C HAPYIICHUEM
oOMeHa BemecTB (IIFOKO3BI B KPOBH) M COCYIHMCTOTO TPOMCXOXKJICHUS C
HCIOJIb30BAHNEM OOBEKTHBHBIX NaHHBIX (IaHHbIe DI -THarHOCTUKH), YTO
MO3BOJIUT CBOEBPEMEHHO BBIOpATh TAKTHKY JICUCHUS KOTHUTHBHBIX
HapYIIEHUH [P UIIEMUH TOJIOBHOTO MO3Ta U OCYIIECTBUTH MPOPUIAKTHKY
MPOTrpeCCUpPOBaHUS 3a00IEBaHMUS.

B nanHOM uccnenoBanuy NpuHAIU ydyactue 60 yenoBek: OOJbHBIC C
TUCIUPKYIATOPHON 3HIe]asonaTied W KOHTPOJbHAS Tpymma. B rpymme
OOJNIBHBIX C AUCHUPKYISATOPHON 3HIedanonarneit 0pu10 12 xenmmHa 1 18
MyxuuH.  CpenHuii  Bo3pacT  OOJBHBIX € JUCHUPKYJISATOPHOM
sHIeanonaTrelr umen 3HadeHue 69,1 £ 2,6 (p>0,95) ner. KonTpomsHyto
TPYIILY COCTaBUIIN 3[J0POBBIE JinIia 28-75 neT, 001ast 4uCIEeHHOCTh KOTOPBIX
o112 30 yenoBek (16 sxeHIUH U 14 My>X4rH).

3anuch OMOIJICKTPUUECKON aKTHBHOCTH rojloBHOrO Mo3ra (DoHoBas
3aIlUCh: COCTOSHUE paccialieHHOE, T1a3a 3aKPBITHI) OCYIIECTBISUIACH HA
16-xananpHOM JNIeKTpoKapanorpade «Ounedaran-131-03».
HccnenoBanne ocymecTBIsiM Ha ©0ase Kadeapbl METUIMHCKOH |
ononoruyeckoil puznkn PocTOBCKOro rocynapcTBEHHOTO MEIMIIMHCKOTO
yHusepcurera. C curHanamu O0I cuumanu curHanel OKI' u O0I' qna
nocienyoiei punprpanuu 931 oT apTedakToB.

IlocTtaBneHHass paHHee 3ajJadya pemanach IyTeM IPOBEICHUS
BepOaTbHBIX TECTOB: MAIMEHTY C KIMHUYECKH BBIIBICHHBIM CHHIPOMOM
YMEpPEHHBIX  KOTHUTHBHBIX  PAacCTPOHCTB  MpoBOAWIN  (HOHOBYIO
peructpamuio O30 ¢ OTKPHITBIMU U 3aKPBITHIMH T1a3aMu (TI0 3 MUHYTHI),
3aTeM TIpeJyIaraiyd JiBa BepOaibHBIX Tecta «CnoBa» u «PacreHus» mpu
OTKPBITHIX INla3ax W peructpuposaan DO, BrlnonHeHWe JaHHBIX TECTOB
BBI3BIBACT aKTHBALMIO HAUOOJEE CTPAAAIOUINX IPU XPOHUYECKONW HIIEMHH
MO3ra HMHTEJUISKTYallbHbIX (QYHKIMA (BHHUMaHue, MaMsTh, pedeBasd
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AaKTUBHOCTh, MBIIUICHUE). bBHOANEeKTprueckass aKTUBHOCTh HauOojee
3aJIeFICTBOBAHHBIX TIPH STOM 30H M03ra (JOOHBIC U BUCOYHEIC OTBEJICHHS), a
TaKXKe COCCHHHMX 30H, O0ECIICUMBAIOIINX WHTETPATHBHYIO NEATCIHHOCTD,
SIBIISIETCS ~ OTPOKCHHEM KOTHUTHUBHBIX TMPOIECCOB, B TOM  YHCIC
MaTOJOTHYCCKUX.

IMocne yero npu nomomu nporpamm MS Excel 2007, Statistica 6.0 u
«OHnedanan» ObUIM TPOBEIEHBI CICAYIONIME MaTEeMaTHUYESCKHE aHATHM3bI
O0I: aHanu3 crnekTpaibHOW MOMIHOCTH IJI (abCoNrOTHBIE 3HAYCHUS
MOIITHOCTH ¥ OTHOCHTEIIFHBIC 3HAYCHHS MOIIHOCTH), NUCKPHUMHUHAHTHBIA
aHaIN3, — TI0 pe3yNbTaTaM KOTOPHIX OBLIH BBISBICHBI HAN0OJIEE 3HAUNMEIC
putMel gt guddepeHIMAMKM  HCHBITYeMBIX Ha  OONBHBIX €
TUCIMPKYJIATOPHON sHIedanonatueli W 3M0poBBIX Jui. UYeMm Hmke
MOIITHOCTh (-PUTMA W BBIIIE Yy O-pUTMA, TeM OoJiee BBIPAKCHBI
MATOJIOTMYECKHE TPOIECCHl B TOJOBHOM MO3re Yy OONBHBIX C
JIUCITUPKYIIATOPHOM SHIIedanonaTue.

[lo pesynmpTaTaM IUCKPUMHHAHTHOI'O aHalnW3a OBUIM TOCTPOCHBI
YeTHIpe MUCKPUMUHAHTHBIC PYHKIUHN Faoonor, Foomr, Fracrems, Fcnoss, TaKXKe
MOCTPOEHBI MaTpuIpl Kiaccuukanuu (JaHHbIe (QYHKINM ONMMCAaHBI B
nateHre «Croco0 MUAarHOCTUKY KOTHUTHUBHBIX HAPYIICHUH COCYIHCTOTO
MIPOUCXOXKACHUS TIPU XPOHUUECKON uiemMun mo3ra» Ne 2584651 Beinan 25
ampens 2016 ropma). umarHocTuyeckas 4YyBCTBUTEIBHOCTH MOJEIH —
NPOIEHT  OOJBHBIX  TUCHUPKYIATOPHOH  SHIedanomatueii, BepHO
OTHECEHHBIX TIOCJie HCCIIeIOBaHUS K maTtojoruu (cpemHee 1o 16
orBemeHmsIM):  92,2%. B xome wmccnemoBaHWsA OBUIM  TIOJYYEHBI
JOBepUTeNbHBIE HHTEepBaibI (p>0.95) 3HaueHnit panee Ha3BaHHBIX (QyHKIMI
JUTSE OOJIBHBIX C TUCIIMPKYJISTOPHOM SHIIe(amonaTHeld 1 310POBBIX JIHII.

B nampHeimeM maHHbBI cIOc00 MOXXHO MPUMEHSTH B KIIMHHYECKUX
UCCIICAOBAHISIX CIIEAYIONIAM 00pa3oM: MalMeHTaM He0OXOANMO MTPOBECTH
O3I-uccienoBaHle MO BHIMICONMUCAHHOMY clieHaputo (DOH OTKpPHITHIC
rinaza, @oH 3akpeIThie TNaza, POH OTKpwITHIE Taza, [lotom D3I ¢
KOTHUTUBHBIMH 3amadamu «Pactenms» u «CnoBay). Ilocme dero B
nporpamme «JHIedaTan» HEOOXOIMMO 3aJaTh CTAHJAPTHBIC WHTEPBAIIBI
JUTS YacTOTHBIX XapaKTepHCTUK (IenbTa, Tera, amnba m Oera) Kak Ha
pucyHke 1.

[Tocne 3TOro MPOBECTH CHEKTPANBHBIA aHATU3 MO KaXIOMY 3TaIry
O0I, B Tabnuie OTHOCUTEIBHBIX 3HAYCHHWA MOIIHOCTH BBIOPAThH
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HEOOXOJMMBbIE 3HAUCHMs KaXJIOro Xi COMNIACHO JUCKPUMHUHAHTHBIM
YpaBHEHUSIM U TIOACTABUTH UX (PUCYHOK 2).
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Pucynok 3 — OxHo «Ta0nuip! crieKTpanbHBIX XapakTepucTHk 991 ¢
BEIOpaHHO# BKiIaakol OTHOCHTENbHEIE 3HaYeHUs MotHOCTH (O3M) B
MeHI0 «O0paboTkay- « CIeKTpaabHBIN aHATH3)
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[Tocnie ATOro BBIUKCISIFOT 3HAYCHHUS JUCKPUMHUHAHTHBIX (DYHKIIMMA, 1
eCI pe3ynbTaThl NUCKPUMUHAHTHBIX (YHKIWA TecToB «PacteHus»,
«Cnoa», «®on OI'» u «®oH 3I'» BO BCeX UETBIPEX CIIydasx OTHOCSTCS K
OJTHOW TpYIIe W MONamaloT B MHTEPBANBI Fpacremus OT -2743,1 mo -2676,6,
Feuosa 0T 261,2 10 316,6, Fyou or o1 73,7 10 156,3, Fyousrot 52,4 m0 91,5 —
HCTIBITYEMOTO OTHOCST K TPYIIIIE JIUI] ¢ XPOHUIECKOH HUIIeMUeit Mo3ra, eciu
B UHTEPBANBI Fpacrenns OT 2673,6 1m0 2808,7, Fenopa 0T 479,1 10 526,4, Fpou or
ot 391,4 o 504,4,F gou 3r OT 96,8 10 168,4 — K TpymIe 300POBBIX JIHII, IPH

HEBBINIOJJHEHUM HHU OJHOTO M3 JTHX YCJIOBHM — K Tpynme Jul c
KOTHUTHBHBIMU PACCTPOMCTBAMHU MHOT'O MIPOUCXOKACHHUS.
BriBoant

[Ipennaraemsrit Crioco0  IO3BOJIIET  IIOBBICUTH  TOYHOCTH
TG GepeHIMaTbHON THATHOCTUKA COCYTUCTBIX M JPYTUX KOTHUTHUBHBIX
pPacCTpOMCTB, YAYYIIMTh pPe3yibTaTbl WX pPaHHEH JUArHOCTHKUA H
ONTHMH3UPOBATh BBIOOP TAKTHKHU JICYCHHUS TPH MHHHUMAILHOM 00BbeMe
MapaKIMHAYECKUX METOOB UCCIICIOBaHU.

Takum oOpa3oMm, MOXKHO cIenath BEIBOJ, uTo B ODI Haxomsr
OTPaKEHHSI W3MEHEHUS KOTHUTHBHOW JESTEIHHOCTH, YTO TMPOSBISETCS B
otmuuusax OOl y OOJBHBIX C JUCIUPKYIATOPHOH SHIE(aATIONaTUEH U
3M0poBEIX JHI. OCOOCHHO 3HAYMMBIE U3MEHECHHS IMOIYYCHBI B anb(a- H
JeNbTa-quama3onax. [Ipu momomm JUCKPUMHHAHTHOTO aHalu3a ObUIH
MOJIYYCHbl ~ JIUCKPUMHMHAHTHBIC  (DYHKIIMHM, COCTaBI€HbI  MATPHIIBI
KIaccuuKaluyd JUIS pasfieliecHuss Ha TPYyNmbl OONBHBIX M 3J0POBBIX.
Tlony4yennsle pe3yapTaThl IPU YCIOBUU PACUIMPEHUS SKCIIEPUMEHTA MOTYT
OBITH [MOTIONHEHBI W CIy’)KUTh OJHUM W3 IHATHOCTHYECKUX KPHUTEPHUCB
KOTHUTHBHOT'O 3/I0POBBSL.

1. KmxeparoBa E.A., baky3zosa /I.B., Omensuenko B.I1., Edpemon
B.B. [IpumMeHenne  AMCKPUMUHAHTHOIO  aHaM3a  IOKas3aTeseit
aNEeKTpodHIEe(AIOrpaMMbl B JIMArHOCTHKE KOTHUTHBHBIX HApyIICHUH Yy
OOJNBHBIX C HIIEMHEH TOoJ0oBHOrO Mosra // buomemnunmnackas
pamuoanexTponuka. 2016. Ne 1. C. 41-44.

2. Muxampunay  1.0., Owmenpuyenxko B.II. Henuuedneni anamus
PUTMHYECKUX COCTABIISIONINX AJICKTPOIHIIS(ATOTPAMMBI YeJI0BEKA B HOPME
// N3Bectns FOxHOTO enepanbHOro yHUBEpCUTETa. TeXHUYEeCKHE HAyKH.
2014. Ne 10 (159). C. 52-59
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Ann»oranus. B pabore OIIICAHO MPUMEHECHUE
aNieKTpodHIIeaTorpadUuecCKuX TPEHUHTOB HA OCHOBE OHOJOTHYCCKOM
00paTHOM CBSI3U NP JICUCHUH JIETEH C CHHIPOMOM Je(HINTa BHUMAHUS U
TUTIIEppPEakTUBHOCTH B Bo3pacte 7-10 ner. Llenp TpeHMHroB ObLIO
MOBBIIICHUE aMIUIUTYJbl OeTa-pUTMa, OTBEYAIOIIETO 32 KOHLEHTPAIHIO
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BHUMaHHWs, M TIOHIDKEHWE TeTa-puTMa (puUTMa TBOpYecTBa). B xome
HCCIIeIOBaHMs OBLIO YCTaHOBJIEHO, uTo mpu momomu D3I-BOC nersm
VCIIENTHO YAAETCSl CIIPABHUTHCS C PACCETHHOCTHIO BHUMAHHUSA, a TaKkKe C
MepeyTOMIIIEMOCThI0. BBUIO 3aMeueHo, YTO MOCie Kypca TPEHUHIOB JETH
cTtamu OoJiee YCHIYMBBIC, MOIJIM JIeT4Ye OTCHACTh YPOKH, a TaKKe
MOBBICUJIACH UX YCIIEBAEMOCTb.

KitoueBbie ciioBa: anekTposHiiedasorpaMma, OeTa-puT™, CHHAPOM
JnedunyTa BHUMaHUS ¥ THIIEPaKTUBHOCTH, OHOYIIPaBIICHHUE.

FEATURES THE EEG TRAINING WITH BIOFEEDBACK FOR
ADHD IN CHILDREN
Kobylyatskaya Ye.V., Kizhevatova Ye.A., Korotkiyeva N.G.
Rostov State Medical University
e-mail: alyonatim@mail.ru

Annotation. In work application the electroencephalogramm’s
trainings on the basis of biological neurofeedback is described in case of
treatment of children with a syndrome of deficit of attention and
hyperactivity at the age of 7-10 years. The purpose of trainings there was an
increase in amplitude of the beta-rhythm which is responsible for
concentration of attention, and lowering a theta-rhythm (a creativity rhythm).
During the research it was established that by means of EEG neurofeedback
children successfully manage to cope with absent-mindedness of attention,
and also with refatigue. It was noticed that after a rate of trainings children
became more assidious, could stay easier lessons, also their progress
increased.

Key words:  Electroencephalogram,  beta-rhythm, SDAH,
neurofeedback

B Hacrosimee Bpemsi Bce Oonblliee paclpOCTpaHEHHE B JIEYEHHH
MICUXOJIOTUIECKUX, HEBPOIOTHICCKAX W TICHXOCOMATHYCCKUX COCTOSHHN
moimydaer MeTon Owmomormueckoir obparHoit cBmm  (BOC) mo
xapakrtepucTiukaMm anekrposniedanorpammel  (330-BOC) [1,2]. Cytb
MeToaa BOC 3akirouaeTcs B TOM, YTO MAIMEHT, MPH MOMOIIH TEXHUICCKUX
CPEICTB TMOJy4YaeT MHMOPMAIMIO O TEKYIIEM COCTOSHHHM W3 OJHOM WiIH
HECKOJIKUX (DU3HOJIOTHYECKHX CHUCTEM U 00y4aeTcs KOHTPOJIUPOBATh He
TOJIBKO CBOE TMCHXO(MHU3HOJIIOTHYECKOE COCTOSHHE, HO M IPOU3BOJILHO
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YIPaBIATh QYHKIMOHUPOBAHUEM JaHHBIX cucTeM [3]. OmHako, mpobiaemMoit
spdextuBHOrO TmpuMeHeHns I2[-BOC  sBiseTcs  HemOCTATOYHOE
HCCIIEZIOBAaHUE HEWPO- W TMCUXOPU3NOJIOTHUSCKUX MEXAHH3MOB TeX
npeoOpa3oBaHUIl B MO3TOBOH JMHAMHKE, KOTOPbIE BOSHUKAIOT B IpOIEcce
tperunra D0I'-BOC. Ha ceroaHsmHuii 1eHb, ISl 00bSICHCHHS MEXaHU3MOB,
C TIOMOIIBIO  KOTOPBIX  BO3MOXKHA  IIPOM3BOJIbHAS  PETYIISALUSA
OMODIICKTPUIECKON aKTUBHOCTH MO3ra, IMPEUIOKEHa TUIoTe3a, KOTopas
paccMaTrpuBaeTcs B JaHHOM padorte.

Hayunasi rumore3a: IIpu nomomu BOC-tepanmuu BO3MOXKHO
o0ydueHre TanueHTOB HABBIKAM MICUXUYECKON PETYIISIHUA ISl JOCTIKCHIS
COCTOSIHHSI KOHIICHTPAIIMH BHUMAHUS, 9TO TIOMOXKET JCTSM CIIPABUTHCS C
CHUHIPOMOM JC(QUIIMTOM BHUMAHUS U TUIICPAKTUBHOCTHIO. DPPEKTHBHOCTD
BOC-perynsunu GasupyeTcs Ha (QyHIAMEHTAJbHBIX CBOWCTBaX Mo3ra —
PUTMUKE, TUIACTUYHOCTH, aKTHBalMK. Eciu JeicTBUE OHOIOTHYECKOUN
00paTHOM CBS3W MPUBOAUT K 3P(EKTUBHBIM U JUTUTECIHLHBIM U3MEHCHUSAM B
HEHPOHHBIX IIEMAX, ONPEACIIIONUX TO MWW HHOE (YHKIMOHAIBHOE
COCTOSTHHE TOJIOBHOTO MO3Ta, TO 3TH HEHPOHHBIE LN JOJDKHBI HE TOJIBKO
MEHATBCS TIOJT JIeWCTBHEM OHMOJIOTHYECKOH OOpaTHOW CBSI3H, HO H
(UKCUPOBaTh STH W3MCHCHHS B TCUCHHE BPEMCHHU; T.e. 3TH CHCTEMBI
TTOJDKHEI OBITH JIOCTATOYHO TUTACTHYHHI [5,6].

Heanso HacTosimeld paboThl sBHIach OIEHKAa 3((EKTHBHOCTH
ceancoB IDI'-bOC mo mapameTrpam OeTa- U TETa-pUTMOB B OTHOIICHHH
XapaKTepUCTHK BHUMAHUS y IPAKTHYCCKH 370POBBIX JIULI, & TAK)KE U3yUCHHE
tororpadun nsmenennit 31" B xoxe nompo0HbIX ceancoB D21 -BOC.

MartepuaJjbl 1 METOIbI.

B uccnenoBanuu npuHsuin ydactue 12 nereit B Bozpacte 7-12 jet
(cpemnuit Bozpact 9,3+0,4 mpu p>0,95). [JlaHHBIM 1OeTAM BpadaMmu-
HeBpoJioraMu ObuT mocTasieH auarHo3 CZIBI, a taxke Bpaun-TicMXuaTpbl
MONTBEPXKAAIH  HaJIM4YUe  BO3OYXACHHOTO  COCTOSIHUS y  JIeTei,
MEePEeyTOMIIIEMOCTh U HEXENIaHUE YYUThCS B LIKoJe. J[aHHBIM JeTsiM ObLia
npoBejieHa KypcoBas tepanus B Buje 15-30 ceancoB 93I'-bOC TpeHuHIroB
Ha TIOBHIMICHWE Oera-putMa. JlaHHBIA TPEHWHT TMpeTHAa3HAYCH JUIS
MOBBIMICHUST YPOBHS (PYHKIMOHATBHON aKTUBHOCTH IIEPEIHUX OTICIOB
Mo3ra IpH Tepanuy AeTeH ¢ pacCTPOHCTBAMH ITO3HABATEIBHBIX PYHKIUH U
noBeaenus, B tom umcie npu CIBI. Ilpouenypa ucnoswszyercss ais
HOpPMaJU3allii COOTHOIIICHUS YPOBHEH OeTa-akTUBHOCTH B DOI° B TOOHBIX
OTBEJCHUSIX.
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[Tpouenypsr OMOJIOTUYECKOU obpaTHOM CBSI3U u
HEMpPOOHNOYTIPABICHNS PEATH30BBIBAINCH C TIOMOIIBIO YHHUBEPCATHHOTO
porpaMMHO-MeTouueckoro obecreuernns — [IMO ¢dyHKInoHaIBEHOTO
ouoympasnenust ¢ bOC «Peakop», KoTopoe obecmeynBaeT paboTy
crauMoHapHoro 4  kaHanbHoro Kowmmiekca — peaOGUIMTAllMOHHOTO
ncuxogusnonornueckoro s TpeHuHra ¢ BOC  «Peakop» (¢upma-
npousBoauTeNb «Menukom MT/I», r. Taranpor).

ITokazanust K IPOBEACHUIO:

Korautusneiii BOC-TpeHnHr Hambomee NpPUMEHHM B TEpaIud
COCTOSTHUH, CBS3aHHBIX C HApYIICHUSIMH BHUMAaHUS, MO3HABATENbHBIX MU
MOTOpHBIX (QyHKIMHA. IIpexne Bcero, OH MOKa3aH MPH KOPPEKIUH
pacCTpOWCTB BHHMMaHHWs, BKJIOYas Takue (OpMBbI, Kak H30JIMPOBAHHBIN
cuhapoM HapyumieHuss BHuMaHus (CHB); CHB c¢ rumepakTuBHOCTHIO,
cmemanHas popma. Takke 3TOT BUJ TpeHHHTa OyIET MOJIE3€H B TEPaIUH
crnenu(pUYecKnx  pacCTPOMCTB  pa3sBUTHA:  HApyLUICHHS  Pa3BUTHUSA
CIIOCOOHOCTH K apu(METHUYECKOMY CUETy, PACCTPOWCTB pPa3BUTHSA
9KCIIPECCHBHOTO TMHCbMa, anekcuu. [lociencTBust depermHo-MO3TroBOit
TPaBMBI, COTIPOBOXIAIOIINXCS CHIDKEHHEM KOTHUTHBHBIX (DYHKIIMHA Tarke
MOTYT OBITh TTOKa3aHHEM JUI Ha3HaYEHHUSL.

Kondurypamms cpéma:

N 33r

Pz

F2
o R L
R L

Pucynoxk 1 — Kongurypanus crema (cxema HaJIOXKEHHUs JJIEKTPOIOB)
oumnossipHoe QpoHTaNBEHO-TeMeHHOE oTBeneHue (Fz-Pz)
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B BOC mpoueaypax mnpu peructpanuu OunossapHeix 200
orBenmeHmit 1o cucteme "10-20" wmcmomp3oBanicst Habop NDIEMOB 3-X
pasmepoB s ycraHoBku OOI-POI" anextpomos HIID-0. Illnemsr
BBIMIOJIHEHBI W3 CHJIMKOHOBBIX IMHYPOB, CKPEIUICHHBIX I[BETHBIMU
(uKcaTOpaMHu U IJIAHKAMH-CKOOaMH.

KonTponupyemsble nokasareyn:

- MHaexc MOUTHOCTH IOJIB30BATEIBCKOTO YACTOTHOTO JHANa3oHa
"Tlons3N";

- MomHOCTh  TOJB30BATEIECKOTO  YAaCTOTHOTO  JHANa30Ha
"Tlonms3N";

- Unnexc MomHoctu TeTa-akTuBHOCTH "Terall".

[HesieBbIe YCTAHOBKH:

- I[Tons3 U — noBeIIICHUE;

- [Tonp3M — TIOBBIIICHHE;

- Terall — cHuxeHMeE.

Cuenapuil TpeHMHTa COCTOSUT B TOM, UTO IOCJE KaXKIOTO 3aJaHUs
00s13aTeBHO JaBaJICS OTABIX. 3aAaHus OBLTH CIIeTyIOIIHIE:

1. HeoOxonumo yOpaTh moMeXH ¢ KapTUHKH (deM OolbIie ObLT OeTa-
PUTM U MEHBIIIE TETA-PUTM, TEM JTydIlie OBUIO H300paKESHUE)

2. YucTelii oka3 Buaeopsaa (0T KOHIIEHTPAIIMH BHUMAaHHS 3aBHCEII0
Ka4eCTBO CMCHSACMBIX KapTUHOK, a TaK)Ke Ka4eCTBO BOCIPOU3BOJIUMOTO
3BYyKa)

3. Bugeoponuk (0T XapakTepuUCTHK OeTa-puTMa M TETa-pUTMa
3aBHCHIIO KQ9eCTBO BUACOPOIINKA-MYIIbTHKA, a TAKXKE U 3BYKa)

4. Urpa (dem mydmie ObUTa KOHIIEHTPAIM BHUMAaHH, TEM ObICTpee
BBIIIIE JIETENT OOBEKT HA MOHHUTOPE MAITUCHTA).

Oco0eHHOCTH cCLlEeHAPUSI:

B npomenype ucnonb3oBaics He Bech Oeta-1 Amama3zoH, a Ta ero
94acTh, HA KOTOPYIO MCHBIIEE BIMSHHE OKAa3bIBAIOT alb(a-aKTHBHOCTh U
Bo3MOkHBIe OMI -apredaktel. IloaToMy 3mech uMeercss B BUAY 4YacTb
nmuarmazona 0eta-putMa [loms3U (mons3oBaTensekuii quana3zon) ot 16 go 20
I'm. B xome paboThl aKTUBHO WCIONB30BAINCH AJCKBATHBIC IPHEMBI
MOTHBAIUN TAIIMEHTa HA JOCTIKEHUE TpeOyemoro pesynbsrara. C 3TOi Ha
KOKIOM 3aHATHH OINCPATHBHO MEHSIOCH COAEPIKAMOE BHIICOPOIHKOB
(xaxxoe 3aHATHE OBUT HOBBIH MYIJIBTHK), OPUECHTHPYSCH Ha MPEIIOYTCHUS
manpeHnTta. Takke NOIIEepP)KUBANACh ONTUMAIbHAS CIIOKHOCTh 3aJaHHs
MyTeM KOPPEKTUPOBKH MOPOTOB.

134



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

PesyabTatsl.

Ilo pesymbraram 15-30 TpeHHHrOB y pa3HBIX JAeTel HaOII0qamoch
3HAYNTENIbHOE W3MEHEHHE ICHXOIMOIMOHANBHOTO COCTOSIHHS Y JeTeH,
TIOBBIIIAJIACh UX YCUIYHBOCTh M YCIIEBAEMOCTh B IIKoJie. Hexoropele nety,
KOTOpble OBUIM BBIHYXXICHBI TIEPEUTH Ha JOMallHHE OOYy4eHHe, CTallid
BO3BpallaThcid Has3aJg B IIKOIY W OTCHKMBAIA BCE YPOKH COTJIACHO
porpamme.

Ha pucynke 2 BuaHO, uyto nokazatenu 6era-purma (Iloms3U cpen)
Ha UTOTOBOM (hOHE K KOHITYy Kypca BO3pacTaroT.
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Pucynok 3 — noka3zarenu aMmuuty sl 6eta-put™a (ITonmssM Cpen),
unnekca 6era purma (IToe3W Cpen) n nokazatenu ungexca tera (Tera U
Cpen)
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HEJMHEMHOINHAMMNYECKHUE XAPAKTEPUCTUKHA
SJEKTPOSHUE®AJTOI'PAMM BOJIBHBIX PACCESIHHBIM
CKJIEPO30OM U UX NSMEHEHHUME B ITPOLECCE JIEHEHUSA

Muxanvuuy U.0., Omenvuenxo B.I1
PocroBsckuit 'ocynapcrBennbiit MequnmHckuil Y HUBEpCUTET
e-mail: vitaly.omelchenko@mail.ru

AnHotamus: B paboTe paccMOTpeHBI pe3ysbTaThl HCCIIeIOBAHHS
HEMMHEHHBIX ~ XapaKTEepUCTUK  IeKTpodHIedanorpaMMm  OOJIBHBIX
paccestHHBIM CKJIEPO30M. BBIABIEHO, 4YTO 3Ha4eHHs KOPPEISLHMOHHON
pa3MepHOCTH, PAa3MEPHOCTH BIIOXKEHHUS M OKCIOHEHThl Xé&épcra D3I
OOJNBHBIX 3HAYMMO CHIKEHBI. DpakrampHas paszMepHOCTs DD GOIBHBIX
PC, naoOopoT, B cpemHeM BBIIE, YEM Yy 3IOPOBBIX HCIBITYEMBIX. JTH
pas3nuyus MO3BOJIAIOT Pa3/ieuTh IPYIIIBI OOJIBHBIX PACCESTHHBIM CKIEPO30M
U 3/0pOBBIX IO HeMWHEHHBIM nokazaremsiM O3I'. B mpouecce neueHus
HaOJIro1aeTcsl MpUOIMKEHNEe HETMHEHHBIX mokaszateneil D3I mannueHToB ¢
JUarHO30M pAacCestHHbIH CKIEpOo3 K COOTBETCTBYIOIIUM 3HAUCHUAM
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nokazareneit OO  370pOBBIX HCHBITYEMBIX. OTOT (aKT MOXKHO
HCTOJB30BaTh, IPOBOMS KOHTPONb KAuecTBa JICUCHUS PACCESTHHOTO
CKJIepo3a.

KiroueBbie cnoBa: TeopHs HENIWHEHHBIX JIMHAMHYCCKUX CHUCTEM;
ANIEKTPOdHIIe(haTOrpaMMa; pacCessHHbIA CKIIEpOo3.

NELINEYNODINAMICHESKIE ELECTROENCEPHALOGRAM
CHARACTERISTICS OF PATIENTS WITH MULTIPLE
SCLEROSIS AND THEIR CHANGE DURING THE TREATMENT
Mihalchich 10, Omelchenko VP
Rostov State Medical University
e-mail: vitaly.omelchenko@mail.ru

Annotation: The paper discusses the results of a study of non-linear
characteristics of the electroencephalograms of patients with multiple
sclerosis. It was found that the values of the correlation dimension, the
dimension of investment and EEG Hursts exponent patients significantly
reduced. The fractal dimension of the EEG MS patients, on the contrary,
higher on average than in healthy subjects. These differences make it
possible to divide the group of patients with multiple sclerosis and healthy
on nonlinear EEG parameters. In the course of treatment there is an
approximation of nonlinear EEG indices of patients with a diagnosis of
multiple sclerosis to the corresponding values of EEG parameters in healthy
subjects. This fact can be used by means of quality control of the treatment
of multiple sclerosis.

Keywords: The theory of nonlinear dynamical systems; the
electroencephalogram; multiple sclerosis.

HecmoTpss Ha JOCTUTHYTHIH YpOBEHb pa3BUTUSI HEHpPOHAYK U
MHOKECTBO METOJOB H3YUYCHMS MESITEIBHOCTH TojJoBHOro Mosra (I'M)
YeJIOBEKa, 3Ta OTPacilb HAyKH HE TepseT CBOEH aKTyaJlbHOCTH, U HHTEPEC K
Hel He yracaer.

Bo3HuKHOBEHHE HOBBIX METOAWK HccienoBanus ¢(yHkmmin ['M,
HOBBIX BO33PCHHI Ha MPHHIUIBI €r0 pabOThI, HOBBIX METOJIOB 00pabOTKH
pE3yIBTaTOB HEHPOPHU3UOIOTUICCKHUX UCCIICTOBAHIHA — BOT TIEPCIICKTHBHEIC
HaIpaBJICHUS PAa3BUTHUS HAYKH.
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OfHUM U3 TakuX HOBBIX B3JIIIOB Ha NPUHIMIE paboTer I'M
SIBIISICTCS TEOPHSI HEMMHEHHBIX TMHAMUYECKUX cucTeM. Ha maHHbI MOMEHT
TJIABEHCTBYIOIIMM METOJIOM MaTeMaThdeckod obOpaborku I3I sBisercs
CHEKTpalbHbIM aHaau3, Ha OCHOBE KOTOPOI'O IOCTPOEHO MHOXXECTBO
nccnenoBanuii [1, 2, 3]. OxHako, JaHHBINA BHJ MaTeMaTHYECKOTO aHAIM3a
O0I" packpelBaeT HUCCIAEAOBATEN0 JMIIb PE3YNbTaT JACSITEIbHOCTH
(hyHKIIMOHATBHBIX CHUCTEM MO3Ta, HO JaeT Maylio MH(POpPMalUu O caMou
CHCTEMe, MPOU3BEeAIeH 3TOT pe3ynapTar. OIHAKO, HIMEHHO 3TO BBI3BIBACT
HanmOONBIINK WHTEpeC uccienoBarens. MMeHHO Takyio WH(POPMAINIO
CIOCOOHO JaTh NPUMEHEHHE METOAOB TEOpHUH IMHAMHYECKOrO Xaoca
(TAX). B pamkax mannoi Teopun I'M paccMaTpuBaeTcst Kak HEJIMHEHHO-
JUHAMUYECKas CUCTEMA.

JeiicTBUTENnbHO, MO3r  O0JIajjaeT  MpU3HAKAMU  HEJIMHEWHOU
IUHAMAYECKOH CHUCTEMBI, T.e. ero paboTa B TEKYIIHM MOMEHT BpEMEHH
3aBHCUT OT HAYaJBHOT'O COCTOSHUS, OT MHAWBUIYAIBHBIX OCOOCHHOCTEH
(DyHKIMOHMpPOBAHUS MO3ra W OT BHEIIHMX Bo3lehcTBUi. [loaTomy,
ucciegosane I'M ¢ mosuuuil TEOpUM HENMHEHHON AMHAMHUKU BIIOJIHE
000CHOBaHO.

B THAX onuceBaroTCsl METOABI, MO3BOJSIONINE BOCCTAHOBUTH
CBOMCTBA  M3y4aeMOM  CHUCT€MBbl, B  YacCTHOCTH,  CIOXHOCTb,
IIPOTHO3UPYEMOCTbh, YCTOHUMBOCTb, XaOTHYHOCTh U T.X. I 3TO BO3MOKHO
CIEJIaTh BCETO 110 OJTHON peaiu3alliy POLIEcca, SBISIOIET0Cs Pe3yIbTaToM
paboThl uccneayeMoit cuctemsl [4]. Takum oTpaxeHrueM padotsl ' M MOXHO
cuntaTh dekrpodHIedanorpammy (33I). Kpome Toro, 3ToT moaxonm K
uccienoBanuo D01 yxe HEONHOKPATHO J0Ka3al CBOKO PE3yJIbTaTUBHOCTD
[5, 6, 7], B TOM 4Kcie U B HAIIUX MPEAbIAYIIUX padoTtax [§, 9].

Jns mpoBeneHHsl MCCIIeOBaHUS B paMKax JaHHOW paboThl ObLIH
orobpansl D3I 15 310pOBBIX HCIBITYEMBIX (KOHTpONbHas rpymma) u 15
MalMeHTOB  HEBPOJIOTMUECKOr0  OTAeNieHus KiIuHuku PoctIMY ¢
KJIMHUYECKH TOATBEPKACHHBIM JHAarHO30M DPACCESHHBIN CKIepo3 10 U
mocje JICYCHUS C MONTBEPXKICHHBIM TIOJIOXKHUTEIBHBIM —PE3yIbTaTOM
(mccmemyemass  rpymma). 3ammMch  NMPOBOAMIACE  IPH  ITOMOIIH
anekrposHnedanorpada Oumedaman 131-01 mpomsBomcTBa  GUPMEI
MenukomM-MTJ] (r. Tarampor, Poccus). Ilocne dunbrpanmu ot
(PM3UOOTMYECKMX W amlapaTHBIX apTe(akToB Uil IOCIEYIOIIETO
HEJIMHEWHOTO aHanu3a ObUTH BBIOpaHbI oTpe3ku D3I nauTenbHOCThIO 8192
0TCUeTa, YTOo MpH YacToTe 250 0TCUETOB B CEKYH]Iy COCTaBIIsIeT 0KoJIo 33 c.
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st pacdyeTra HEJIMHEHWHBIX TMOKazaTeliell B paboTe HCIOb30Bajach
mporpamma Fractan 4.4 (asrop B.B. Cerues, UMIIb PAH). 3naunmocTs
paznuuMii MCCIeNyeMBIX IIOKa3aTeleld MOATBep:Kaaiach MO KPUTEPUIO
MaHHa-YUTHH IPH MOMOIIK IporpaMMHOro naketa Statistica 10.0. Tanubiit
KpUTEepUil ObLT BBIOPAH BBHUIY HEOONBIION YHCICHHOCTU HCCIICHYSMBIX
TPYII HCIBITYEMBIX U OTCYTCTBHS B HEKOTOPBIX CIy4yasX HOPMalabHOIO
pacmpeneneHus 3HaueHIH NCCIIeAyeMOro Ipru3HaKa.

[lepBbIM HENIMHEHHBIM IOKa3aTeJeM, pPACCUUTAHHBIM B paMKax
JTAaHHOW paboTEI, cTana KoppensnroHHas pasMepHocTs D01, M3BecTHO, 9TO
3Ta BEJIMUMHA SIBIISIETCA OTPAKEHUEM CII0KHOCTU cucTeMbl. CpaBHuBas D3I
OOJIBHBIX W 3[IOPOBBIX O 3HAYEHHUIO STOTO MOKA3aTeNs, MOXXHO BBIICHUTD,
BIIUSIET JIM MATOJIOTMYECKUN MPOIecC, MPOTEKAIMNUNA B TOJOBHOM MO3Te
YelIoBeKa, Ha CJIOKHOCTh (DYHKIIMOHAIBHBIX CHCTEM, O0pPa3yIONIMXCS U3
(OYHKITMOHMPYIOIIHUX B TAHHBI MOMEHT HEHPOHOB.

BrissicHUIIOCh, YTO 3HAUEHUS KOPPEIAIMOHHON pasmepHocTH DOI
OONBHBIX pacCesHHBIM ckiiepo3oM 3HauuMo (P<0,05) oTnnyaroTcs OT
COOTBETCTBYIOUIMX 3HAYEHUH 340pPOBBIX HCIBITYEMBIX BO MHOTHX
oTtBeieHuAxX. Ha pucyHke 1 cxeMaTnyHO MOKa3aHO KapTUPOBaHUE 3HAUCHUN
CPEIHUX KOPPESIHOHHON pa3sMEPHOCTH 370POBBIX UCIBITYeMBIX (puc. /a)
1 OOJIBHBIX PACCESTHHBIM CKJIep0o30M (puc. 16). [lomyXKupHsIM HauepTaHUEM
Ha pHUC. /6 BBHINEIEHBI OTBEACHHUS, B KOTOPHIX HAOIIOJAUCh 3HAYMMEIC
OTIIUYUS KOPPEIIIIMOHHOMN pa3MepHOCTH HCCIEIYyEMBIX TPYIIIL.
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Pucynoxk 1 — Cpennune KOppessImnoHHBIE pa3MEpPHOCTH 0TBeAeHui DI a)
3JI0POBBIX UCTIBITYEMBIX, 0) OOIBHBIX PACCESTHHBIM CKIEPO30M
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W3BecTHO, 4YTO KOPpPESLMOHHAS Pa3sMEPHOCTH M Pa3MEPHOCTD
MPOCTPAHCTBA BIIOKEHUS XapPaKTEPU3YIOT CIIOKHOCTh  HCCIIETyeMOM
cucteMbl. ClenoBaTeIbHO, MOKHO 3aKIIOYUTH, YTO CIOXKHOCTH SIBIISICTCS
MIPU3HAKOM 370pOBbs ['M, a mpu HapyIICHUSX, BBI3BAHHBIX PACCESHHBIM
CKJIEPO30M, CIOKHOCTh ACHCTBYIOIMX cucteM I'M cHM»KaeTcs.

Janee ObuUIM paccuMTaHBl ITOKa3aTellb XEpcra W (pakTaibHAas
pa3MepHOCTh. JKCIOHEeHTa XEPCTa Y 3J0POBBIX B CPEIHEM IO OTBEICHHUIM
cocrapuna 0,34+0,02 (B pasaumunbix oTBefaeHusx ot 0,30+0,02 no
0,384+0,03), v OompHBIX *e — 0,28+0,02 (B pa3muYHBIX OTBEACHUSIX OT
0,30+0,02 mo 0,38+0,03). 3Hauenne (QpaxTanbHONH pasMEPHOCTH B
KOHTpOJIbHOH rpyme — 1,66+0,02 (B pa3nu4HbIX oTBeneHusAX oT 1,62+0,02
mo 1,70+0,03), B wuccnenmyemoi rpymme — 1,7240,02 (B pazsmu4HbBIX
otBesenusx ot 1,67+0,02 mo 1,76+0,02).

3HaYNMBIC Pa3UuUsl 3HAUCHUH JKCIOHEHTH XE&pcTa (CHWKEHHE Y
OonbHBIX) ® (pakTanpbHONW pasMepHOCTH (yBeNWYeHHE Y OOIBHBIX)
00HAPY>XWINCh B OCHOBHOM B JIOOHBIX U BUCOYHBIX OTBEICHUSIX.

Taxk xak B xoji¢ paOOTHI BEIUHUCICHHEBIC 3HAUCHHS ITOKa3aTens Xépcra
okazajauch MeHbine 0,5, MOXKHO caeiaaTh BbIBOA, 4TOo DI M OOIBHEIX, U
3IOPOBBIX AHTUIEPCUCTEHTHBI. OJHAKO, JUIA 3I0POBBIX 3Ta BEIMYHHA
npudimxaercs k 0,5. CrnenoBatensHo, D1 3M0pPOBBIX MPUOIIKAIOTCS K
CTOXaCTHYEeCKOMY Tpoleccy, T.e. Ipe/icKa3aTh JalbHeWInee IMOBEICHUE
CUCTEMBI TSDKEJIee.

Bce  BhlIeHa3BaHHBIE — HEJIMHEHHBIE — XapaKTEPUCTHKH  ObUIM
paccuntansl u gt OOI GompHBIX PC, mpomeammx Kypc Tepanuu. B
pe3ysibTaTe BBIACHUIIOCH, YTO HeJIMHEWHble nokazatenu OOl manueHTOB
MOCJIC JICYCHHUST IPUOIIKAIOTCS K 3HAYCHHUSM 3JI0POBBIX UCIBITYEMBIX, UYTO
COOTBETCTBYET MOJIOKHUTEIEHON JUHAMUKE JICICHUS.

JJis manbHEHINX UCCIeIOBaHUN W OTHECEHUs uccienyeMbrx D3I k
omHOM w3 rpynn (310poBbIX WM OonbHBIX PC) ObT  mpoBeneH
JIMCKPUMUHAHTHBIN aHanu3 (cxema ero noapodHo onucana B [10]) mo Bcem
BBIUMCIICHHBIM HENMHEWHBIM TIOKA3aTesIM W TOCTPOCHBI JIMHEHHBIC
TUCKpUMUHAHTHBIC QyHKIMH. B mampHEUIIeM 3T0 MOKET OBITh MOJIE3HO IS
OTIpEe/IEeICHUSI BHOBD MPUOBIBIIETO UCTIHITYEMOTO K OTHOM M3 UCCIIETYEeMBIX
TPYIIIL.

Urak, B pe3yibprare MPOBEJCHHOTO HCCIIEIOBAHUS BBIICHHIOCH, YTO
IpU paccesHHOM CKJiepo3e HEJIMHeWHble MokazaTtenn O3 3aMeTHO
u3MeHstoTcs. Kpome Toro, B mporiecce JieueHus 3HaUeHUsT NCCIIeI0BAaHHBIX
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HEJNUHEHHBIX XapaKTePUCTUK OONBHBIX TAaKKE MEHSIOTCS M YMEHBIIAIOT
Pa3phIB C COOTBETCTBYIONIMMH TIOKA3aTEISIMA 3[IOPOBBIX UCTIHITYEMBIX. DTO
JTAeT MOYBY JUIS AATBHEHUIIIETO N3YUEHUS NeTEIFHOCTH TOJOBHOTO MO3Ta, a
TakKe HaApyIICHUH B e€ro paboTe ¢ TMO3UIMIA TEOPUU HEITHMHEHHBIX
MUHAMHYCCKUX CHUCTeM. [IpW yCIOBHHM HNalbHEHIIErO pacUIMpEHUS
AKCIIEPUMEHTATBHOM 0a3bl BO3MOKHO HCIIOIH30BAHUE PE3YILTATOB JAHHOM
paboThI B KIMHUYECKOM MPAKTHUKE, B TOM YKCJIE AJIs OTCIIe)KUBaHUsA dhdekTa
TEpaNeBTUUYECKUX BO3JAEHCTBUMN.
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BO3MOKHOCTH DJEKTPOIIYHKTYPHOM JUATHOCTHUKHA U
SJIEKTPOAKYIIYHKTYPHOM TEPAIIMU B KOMILIEKCHOM
JJEYEHUU XPOHUYECKO MUTPEHHA
lCagbo%toe MU., lHanpuero M.B., *Cmexanxuna JI.B., 2qepHog H.H.
UIIO nepporo MTMYVY um. .M. Ceuenosa
2FO>kHBIH (eiepaTbHbIi YHUBEPCUTET
e-mail; inter@mail.com, nnchernov@sfedu.ru

AnHoTtarusi. B cTatbe TWpUBOAATCS Pe3yIbTATHI MPOCIIEKTUBHOTO
KOHTPOJIUPYEMOTO PaHIOMHU3HPOBAHHOTO HUCCICHAOBAHHUSA I(PPEKTHUBHOCTH
pedIiekcoTepaneBTHIeCKUX METOOUK B paMKax MPOOJIEMBI Tepamuu
XpOHUUYECKHX (DOpM TMEpBUYHON TrojoBHOH Ooim. Llenbio wcciemoBaHms
ABJIsIACh OleHKa 3 deKkTUBHOCTH pediiekcoTepaneBTHYEeCKOro MoIxona K
JIEYCHUIO XpaHW4Yeckor wmurpeHd (XM) Ha OCHOBaHMHM JIaHHBIX
pedaexconuarHocTuku. MaTepuanbl B METOJbI: 0TOOpaHo 44 manueHTa B
Bo3pacre ot 18 10 63 jer ¢ auarHozom XM, u3 Hux 31 skenmuna (71,5 %)
u 13 myxunH (28,5 %). [TanreHTs! OBUTM PaHIOMHU3HPOBAHBI HA 2 TPYIIIBI —
OCHOBHas rpymma (3JeKTpoakymyHKTypa + Tommpamar) m KOHTpPOIBHAS
rpynna (toneko Tommpamar). COCTOSHHE MNAIMEHTOB OLIEHUBAJIOCHh [0
nevyenus, yepe3 4 u 16 Hexenb OT Havana jeueHus. PesynbTarel: uepes 4
HeNleNn Teparuy ObUT OTMEUEeH JTOCTOBEPHBIH Perpecc 4acTOTHI TOJIOBHBIX
6omneii (I'B) B 06eux rpynmax. 20,25 + 5,9 nueit ¢ I'b no nevenus, 5,75 £ 1,9
JTHEH TocIie, B TPYIIE 3JIEKTPoakynyHKTypbl. 20,8 &+ 5,1 nHel mo neueHus,
14,4 £ 5,9 nguell mocne, B KOHTPOJBbHOU rpymnne. JlocToBepHas pazHuLa
MEXKIy TPyIIaMH, IO MOKA3aTeNf0 YacTOTa FOJOBHOW OOJH, COXpaHsIach
BeCh MEpHOj HaOMIOJEHUH. DIIEKTPOaKyIyHKTypa OKas3aja JIO0CTOBEpHOE
BIVSIHASA HAa (YHKIUM HOIMUICITUBHBIX W AHTHHOIMIICIITHBHBIX CHCTEM.
IlokazaHo, 4YTO XpOHWYECKass MHUIPEHb HMEeT  OTIMYHTENbHBIC
pedIekcoInarHoCTUIECKUE «IIPU3HAKID).

ONEeKTPOAKyIyHKTypa SIBIISIETCS 3P PEeKTUBHBIM
peduIiekcoTepaneBTHIeCKUM METOIOM, JOTOTHSIOMUM (hapMaKOTEPAITHIO H
MOJKET Ha3HAYaThCA ISl KOMIDIEKCHOTO JICUCHHS MTAIIICHTOB C XPOHUIECKOM
MUTPEHBIO.

KiroueBsle cioBa: XpoHHWYeckass MUIpeHb, pediekcoTeparus,
ANIEKTPOAKYITYHKTYpa.
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FEATURES OF ELECTROPUNCTURAL DIAGNOSTICS AND
ELECTROTHERAPY IN COMPLEX TREATMENT OF CHRONIC
MIGRAINE
Saphonov M.I., *Naprienko M.V., *Smekalkina L.V., 2Chernov N.N.
PO first MSMU n. a. I. M. Sechenov
2Southern Federal University
e-mail: inter@mail.com, nnchernov@sfedu.ru

Annotation. This article results data from prospective controlled
parallel randomized research of efficiency of reflexological techniques
within an actual problem of therapy of chronic daily headache. The main
objective of this study was to evaluate the efficiency of the reflexotherapeutic
approach based on the chronic migrine (CM) reflexsodiagnostics data.
Materials and methods: we examined 44 patients aged from 18 to 63 years
with a diagnosis of CM, of which 31 women (70.5 %) and 13 men (29.5 %).
Patients were randomized in two groups — main group (Topiramate +
electroacupuncture) comparison with only Topiramate group. Patients were
evaluated before treatment, after 4 and 16 weeks from randomization period.
Results: After 4 weeks of therapy there was a marked regression in frequency
of headache in both groups. 20,25 £ 5,9 days with headache before treatment
to 5,75 £ 1,9 days after, in electroacupuncture group. 20,8 £ 5 days before
treatment to 14,4 = 5,9 days after, in Topiramate group. By 16 weeks the
difference in headache frequency in tow groups stayed significant.
Electroacupuncture had a significant influence on function of nociceptive
and antinociceptive systems. CM has a distinctive reflexodiagnostic "signs.”

Electroacupuncture is an effective method of complementary therapy
and can be administered in CM complex treatment. The headache frequency
and severity correlated with normalization of reflexodiagnostic indexes in
stomach, liver, pericardium and bladder meridians.

Keywords: Chronic migraine, reflexotherapy, electroacupuncture.

B  MeaunmuHCKOW  @pakTUKe  NPUMEHEHUE  AIIEKTPOTEpalUU
HacuuThIBaeT Oomee 50 JeT, 32 3TO BpeMsl HAKOIUIEHO MHOXECTBO JTAHHBIX O
ee 3 GEKTUBHOCTH P PA3INIHBIX BHIAX OCTPHIX U XPOHHICCKIX OOJICBBIX
cunnpomax [1]. B pamkax HeMeTnKaMeHTO3HOTO 00€300IUBaHUS IIHPOKOE
pacmpocTpaHeHHe MOy IHITH METOJIBI NEHETPHUPYIOLICH
ANEeKTpoaKynyHKTYpbl (DAII), upe3koKHON 3JEKTPO-HEUPOCTUMYJIISIIUN U
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JIMHAMHUYECKOM 3JIeKTpOHEeUpOoCTUMYIIANK. HakorsieH J0CTaTOYHBIN OIbIT
B WCIIOJIb30BAaHUM JAHHBIX METOJHK, HE TONBKO B TEPAIMH XPOHUIECKOU
0011, HO ¥ B KOPPEKIIUN COMYTCTBYIOMINX JaHHOW MATOJOTHU PACCTPOMCTB
[2]. Hoka3zano, uto mpumeHeHHe DAIl cmoCOOHO OKa3bIBaTH TOPMO3HOE
BIMSIHMEC Ha IIEHTPhl HONMIENIIMA W CHIKATh OOIIYI0 KOPKOBYIO
BO30yAMMOCTE [3].

O PEKTUBHOCTD MEKTPOCTUMYJISAIUN B TEPAMK MEPBUYHBIX (HOPM
roJioBHoOM 6o Ob1a mpogemMoHcTpupoBaHa b.1. bpykom. B nannoii padote
I'b paccmarpuBanachk He TOJIBKO C NO3ULUI KIACCUYECKOM HEBPOIOIHH, HO
U ¢ mo3unuii coBpeMenHoi pedexcorepanuu (PT), HeoThemMIeMO# 4aCThIO
KOoTOpoii siBsieTcs peduexcoauarnoctuka (PJI). PJ] moxeT ocymecTBIsIThCS
M0 MEpUAMaHAM W 0 MHUHHAKYIMYHKTYPHBIM CHCTeMaM. I[IporoTrumamwu
OOJIBIITMHCTBA METOJIOB JICKTPOITYHKTYPHOU JTMATHOCTHKH, OCHOBAHHBIX Ha
M3MEPEHUHU IJICKTPOKOKHOH mpoBomumoctu (OII), sBaseTcs Meron
Hakaranu u meton ®@osst [4]. B.M. Bpykom 0bu1 06cnenoBan 231 manueHt
C JAMAarHo3oM XpOHWYECKOM wiM snuzoguyeckod I'b Hampsbkenus u
SMHU30INYECKOH MUTpeHBI0 0e3 ayphl. bpUIo mokasaHo, 4TO pasziaudus B
00MIVX XapaKTepUCTHKAX OOIH y ManueHToB ¢ I'b HanmpspKeHMsI 1 MUTPEHBIO
0e3 aypel HAXOOAT OTPAKECHHE B 3HAYCHUAX  DJICKTPOKOKHOTO
COTIPOTHUBJICHUS PAAa U3MEPUTEIHHBIX TOUCK, HCIIOIB3YEMBIX B TEXHOJIOTHH
anekTponyHkTypHoi muarHoctuku (OI1]]). Cnenmbwuunbie st IBYX
MpoaHaau3upoBaHHbIX (Gopm I'B  BapwaHThl  AIEKTPOMETPUUECKHUX
MoKa3aTesiell COCTOSHUSI aKyIyHKTYPHBIX KaHAJOB XapaKTEPHO MCHSIOTCS
IpU TIPOBENECHUH BOCCTAHOBUTEIHFHOW KOPPEKIWH (PYHKIIMOHAIEHOTO
COCTOSIHMSI ~ TanueHTOB.  JlaHHOE  WCCIeNoBaHWE  JIEMOHCTPUPYET
3G GeKTUBHOCTh  TUGGEPESHIIMPOBAHHOTO  PedICKCOTEPaneBTHUSCKOTO
monxoza K Tepanuu nepsudHbiX ['b. OaHako, B paboTy He OBUTH BKITFOYCHBI
MAalUEeHThl ¢ XPOHUYECKON MUTPEHBIO [5].

XpoHUYECKasi MUTPEHb — OTHOCHUTCSI K IEPBHYHBIM (hOpMaM TOJIOBHBIX
Oouieil, BIEpBBIE BBIIEIECHA B CAMOCTOSITENIEHYIO HO30JIOTHYECKYIO (opMy B
ME>K/TyHapOAHOHN KiTacCH(HKAINY TOJIOBHBIX Oosteit [I-ero mepecmoTtpa (Gera-
Bepcun) B 2013 roxy. Y manmentoB ¢ XM npuctymsl ['b mistes ve menee 4
4yacoB B JIeHb, HE MeHee 15 aHel B Mecsll, He MeHee 3-X MecCSLEB B roay [6].

AKTyaJIbHOCTD JIeYeHHsl JTaHHOTO 3a0o0JeBaHUs OOYCIIOBIEHA €ro
IIUPOKOH  PachpoCTpaHEHHOCThIO. [l0  JaHHBEIM  AMUIEMHUOJIOTHYCCKUX
uccnenoBannii B Poccun oT xpoHudeckux ¢opm mnepBuuHbIX ['B crpagaror
nopsaka 10,5 % mnacenenust [7]. Ilo nmannpiM BcemupHO# opranuzanuu
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3IpaBooXpaHeHus, XM HaxomuTca Ha 19-M MecTe cpead caMbIX
WHBIMAM3UpYIONMX 3aboneBanuii. OcobeHHO yacTo XM compoBomaeTcs
JIEKapCTBEHHBIM 3IIOYTIOTPEOTICHIEM, UTO eIle OOJBINE OCIOKHSET TCUCHUE
3a0osieBaHysl, MPHUBOAWT K BBIPAKEHHOW Je3ajanTalid  TaIMeHTOB,
JUTUTEEHOM TI0Tepe TPYIOCIIOCOOHOCTH M CHIDKEHHIO KadecTBa >KM3HHU [8].
OOIIENPHHATEIM JICYCHHEM TalUeHToB ¢ XM sBIsieTcs (hapMaKoTepartust:
HA3HAYAIOT AaHTHICIIPECCAHTBl, AHTUKOHBYJIBCAHTHI, HECEJIEKTHUBHBIC [3-
Omokaropel Ha mepuon 5—6 mecsieB [9]. OmHako, NMPU KaTaMHECTUYECKUX
HaOmoxeHms1x, y 40—60 % manuenToB mpoucxoauT permams XM [10].

YunuTBIBas CIIOKHOCTH NaHHOTO 3aboneBaHms, XM HyXIaeTcs B
MOJICPHU3AIINN HE TOJBKO (hapMakoTepanud, HO U B pa3paboTKe HOBOTO
peduiekcoTepaneBTUHIECKOro MoaX0/a, KOTOPBIH OyIeT YIUTHIBAThH TKECTh
JAHHOTO  COCTOSIHUSL ~ BBICOKYIO ~ KOMOPOHMIHOCTH  3MOIIMOHAJIBHBIX
pPaccTpOMCTB W YacToe MPHCOCIUHEHHE JICKApCTBEHHOTO aly3yca.
OueBugHO, uTo cxeMbl PT, mpumeHsieMble 7S JICYCHUS SIH30JHUECKUX
dhopm murpenu [11-14] negocraTouno 3hPekTUBHBI 11 Tepanuu XM.

3agaum uccie10BaHuUs:

— BEISIBUTD pedrekcoararnocTUIecKue IIPHU3HAKIDY XM,
OTJIMYAIoONINe TaHHYIo (opMy nepBudHOi ['B;

— Ha ocHOBe maHHBIX PJI, cocTaBuTh pedieKCOTepaneBTHYCCKHI
peLenT;

— OIIEHUTH 3¢ PEKTUBHOCTH MIPOBOAUMOLO
pedIrekcoTepaneBTHIECKOro JICUCHHS,

—B  3aKJIIOYEHMM, TPEJOCTaBUTh CXEMy M  IpaKTUYeCKUe
pekomenaanuu no PT XM.

JAu3aiin ucciegoBanusi. Ha mepBoM »sTame mpoBomwics oTOop,
KIMHAYECKOe W HHCTPYMEHTAIbHOE O0OCIeOBaHWE MAIMEHTOB. EmuHast
(hopMa [T KITMHUYIECKOH OIEHKU COCTOSHHS KaKI0TO OOJEHOTO BKITFOYAIA;
MHEBHUK TOJOBHOW Oonm, onpocank HIT-6. WHCTpyMeHTaNIBHOE
oOcieoBaHME  3aKIIOYAJOCh B PETHCTPalldiMl  HOIUIICTITUBHOTO
tbnexcoproro peduiekca (HOP) na anmapate Keypoint Portable «Dantec»
([anus). HOP no3BonseT 0O0bEKTUBHO M KOJUYECTBEHHO OIICHUTH MOPOT
0onm y denoBeKa M KOCBEHHO OTpPa)KaeT COCTOSHHE HOUMWICITUBHBIX U
AHTHHOIIMIIENITHBHEIX CHCTEM BOBJICUCHHBIX B KOHTPOJb OOJIH.

PJI ¢ uenpro BBISIBIEHHS XapaKTEPHBIX 4epT XM npoBoAnIachk nepes
paHgomuzanuein  manueHTtoB. [lo  pesympraram P/ cocraBnen
peduiekcoTeparneBTHIEeCKAN  PellenT, CTaHAapTU3UPOBAHHBIN IS BCEX
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MAIEHTOB UCCIEAYeMOM T'PYIIIbl, KOTOPBIA HE MEHSJICS Ha MPOTSDKEHUH
BCETO UCCIIEI0BaHUSI.

Ha BTOpOoM »Tame mpowusBeieHa paHAOMHU3ALMS MMALIMEHTOB Ha JIBE
Tpynnbl — OCHOBHasg rpynmna (JIe4YeHHe MPOBOJWIOCH MPH TOMOIIU
JUHAMHUYECKOM  Upe3KOKHOH  aiekTpoHeipoctumyisiuuu  (DAIL) u
KOHTpOJbHAs rpymma. B o6enx rpymmax HazHavayics Tomupamar B cpemHei
no3upoBke 100 Mr/cyT B 3aBUCUMOCTH OT WHAVBUAYAIBHOW PEAKIIUU HA
npenapat. B rpynme DAII kypc PT coctaBui 8 ceancos, 2 pa3a B HEJIENIO U
mmncs 4 uemenu. [lepmon Habmromenuit mocie xypca PT cocrasmm 12
Hemenb. OOmEas UIMTEILHOCTH WCCIENOBAaHUA COCTaBWiIa 16 HEIElb.
CocTosiHME NAlMEeHTOB OLIEHUBAIIOCH A0 JIeueHus, yepe3 4 u 16 Henenb ot
Hayalia JeueHusl.

Marepuan u Meroabl. B uccrnenoBanue BKIOueHO 44 maideHTa B
Bo3pacte oT 18 mo 63 jer ¢ auarHozoM XM, yCTaHOBJICHHBIM Ha OCHOBaHHUH
KpUTEPUEB TUATHOCTUKHA MeXIyHapOTHON KiacCU(HUKAIMK TOJIOBHON OomH
tpetbero nepecmotpa (MKI'B — 11 (Gera)). M3 Hux 31 xenmmna (70,5 %) u 13
MyxarH (29,5 %). B rpymmy DAL BrmodeHo 22 ManuenTa, B TPYIITY KOHTPOJIS
22 manyeHTa.

Hna PII mpumensutace OI1J] mo meroxy P. ®omna. UccnenoBanue
HAYMHAIOCh C W3MEpeHus dnekrpornpoBomnoctd (DI) Owmonormdecku
aktuBHOU TOUkH (BAT) cocyma mumdaTndeckoil CHCTEMBI H TTPOBOIHIOCH
no BAT wmepunuana MoueBoro my3slps. Jlns  WccienoBaHus
(YHKIIMOHAJIBHOTO COCTOSIHUSI MEPUANAHOB HCIIOJIB30BAIUCH KOHTPOJIbHBIC
touky uzmepenns (KTH). OuennBanncey Tpu MoKa3aTesns: N3MEPUTEIbHBIN
yposenb (1Y), snauenne nanenus crpenku (I1C), mokazarens acuMMeTpuu
(AI1Y). Ha ocHoBanmu nanHbIX PJI ObUT cocTaBiIeH pelenT sl MalueHTOB
npoxoAuBIINX JedeHue npu nomomu DALl Pesynsrarel P/[ mo metony P.
Dot IEMOHCTPUPYET PUCYHOK 1.

IIpu omeHke cpenHMX 3HAUYEHHUM TOKazaTesied 3JIeKTPONYHKTYpHOM
JIMarHOCTUKU o Metoay P. dosis HamMeHbIuil mokazatens WY Obun
3a¢ukcupoBan mpu m3Mmepenun KTU wmepuamana TOJNCTON KHIIKH U
MOYEBOTO My3bIps. MakcuManbHble 3HadeHust Y 3aduxcruposansr 8 KTU
MEpPHUIMAHOB ME€UYEHH, KEIyAKa, COCAUHUTEIbHOTKAHHON NereHepauuu U
CyCTaBHOM JIereHepalluu.

148



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

Pucynok 1 — INokazarenu 1Y KTU To4yek akynyHTYpHBIX MEPUIHAHOB

Makcumanshsie 3HageHns [1C 3adukcuposansr B KTU mepuananoB
nepukapzaa — 7,9 + 3,1 yen. eq u ToacToi kumku — 7,7 + 2,9 yen. en.

IIpu onenke accumerpuu nokasarened 1Y mMakcuMasibHble 3HAYEHUS
accumeTpuu nokazateneit KTH 3adukcupoBaHbl Ha MepUIuaHaXx MmepuKapaa
— 18,6 £ 9,1 yen. en u meuenu — 17 £ 8,6 yeu. e,

Takum obpazom, B matorene3 XM, BO3MOXKHO B OOJBINICH CTETICHH,
BOBJICUCHBI MEPHIMAHBI NEpUKap/a, eYeHH, KEIyaKa, TOJICTOH KUK U
MoueBoro my3sipst. Ha ocHoBanuu nanssix PJI B penentypy PT, nanuenTtos
rpynnsl DAIL, BkiaroueHsl BAT oTHOCSIMXCS K CHCTEMaM MOYEBOTO
y3bIps, )KETyKa, IEpUKap/ia U MEeYCHU.

1,3,5,7 ceancnl. VB 20, V 10, V 12, Ig 13, VB 36, E 34, E 36. MC 5,
MC 7, GL 11.

2,4,6,8 ceancel. VB 20,V 10,V 12,1g 13, F 2, RP 6, F6. TR 8, TR
4,1G3,GL 4.

IIpoBonunocs urnoykansiBanue BAT cTepuIIBHBIMU OJHOPA30BBIMU
UTIaMu pou3BocTBa komnannu DongBang needle Inc. Pazmepom 0,3MM x
50MM, 3aTeM K WUIJe MNOAKIIOYAICS 3JCKTPOHd. NEKTPOCTHUMYJISLUS
IIPOBOJIMIIACH TIPU TOMOLIM HIECTUKAHAJIBHOIO amnapara AMHAMHYECKOU
anekTponyHKTYypbl «MuJIDI1», mpousBoacTea komnannu OO0 «TPUMAY.
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Pe3yabTaTsl. Bee manueHTsl oToOpaHHBIE Ha 3Tane o0cieoBaHUs
MPOLUTN KypC JIEYSHHS W TIEpHOJ HAOIIONEHWH, OTKAa30B OT ydYacTHS B
WCCIIeI0OBaHIH He ObLIO.

Hocrosepnsiii (p < 0,05) perpecc yactotel I'b BhIsIBIEH B 00eux
uccleyeMbIX rpynmax. lIpy CcpaBHHUTENIBHOM aHalW3e JBYX TPy
nmoctoBepHO (p < 0,05) menbpmee uncio aaei ¢ ['b 6put0 B rpymme DAL, kak
P OLIEHKE COCTOSHUSA uepe3 4 HeJleNIU TaK U B IEPUOJE KATAMHECTHUECKUX
HaOmroneHui (Tadnuma 1).

Takum oOpa3om, mpumeneHne OJAIl MO3BONMMIO TOCTOBEPHO B
OoJIbIIIell CTeTIeHN COKPATUTh 4acToTy MpucTynoB I'b y marmenToB ¢ XM.

Tabnwma 1. JluHamMuika 4acTOTHI U A€3aJalTUPYIONIETO BIHSHUSA
npuctynos ['b 3a Bpems uccieoBanust (JHU B MECSIL)

Yacrora I'b (aam)
I'pynna Jlo neueHms 4 yenenu 16 uenenn
DAII (n = 22) 20,25+5,9 *N575+1,9 *6,25 + 2,05
KOHTPZ"ZJ;" (n= 20,8 + 5,1 14,4459 %9137
HIT — 6 (6ams)
I'pynna Jlo neueHms 4 penenu 16 Henenn
DAII (n=22) 63 + 6,54 *N50,75+ 8,4 *51+9.2
KOHT%"ZJ;" (n= 59,2 +7,85 55,8 +7,43 %523+ 725

* no u mocne negeHus (p < 0,05)
A mexay rpynmnamiu (p < 0,05)

IIpu ounenke wuHTeHCUBHOCTH ['B  NOCTOBEpHBIX pasnmuuuii B
KOHTPOJILHOU TpyMIie HE BBIIBICHO Kak depe3 4, Tak u yepe3 16 Henenb.
WNurencuBrocTs I'b o nevenns (o mxane BAIII) cocrasuna 7 + 0,7 Gasia.
UYepes 4 Henmenu oTMEUeHa TEHJAEHIHMs K perpeccy MHTeHcHBHOCTH I'b 1o
6,78 £ 0,65 6amnoB. Yepes 16 nemens — 6,7 = 0,52 6amoB. B ocHOBHOM
rpynne uHTeHcuBHOCTH I'b 10 nedenus coctasmna 7,37 £ 0,9 6amna. Uepes
4 Henenu OTMEUEHA TEHJCHIUS K perpeccy nunTeHcuBHoctu I'b 1o 6,77+ 1,2
6ammoB. Uepe3z 16 Hemenmb mokaszaTenu WHTEHCHBHOCTH ['b He wnmenn
JIOCTOBEPHBIX paznnyuii — 6,8 + 0,95 6amios.
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Hoctoseproe (p < 0,05) cHmWKeHHE CTENEeHU Ie3aJalTHPYIOIIETO
BN ['B Ha yMcTBeHHyI0 M (M3MUYECKYyI0 aKTHBHOCTH MAalWeHTa, B
KOHTPOJIHOHM TpymIe ObIIO BEISIBIICHO TONBKO depe3 16 Hemens. B rpymme
OAII mokazarenu o onpocHuky HIT-6 nmenu nqocToBepHBIE pa3nuins KaK
yepes 4, Tak 1 yepe3 16 Henens. B rpynne DAII nokazarenu no onpocHUKY
6butn MocToBepHO (p < 0,05) HIKe, B CpaBHEHUH ¢ KOHTpoIeM (Tabmuma 1).

KomuyecTtBo ymoTpeOisieMbIX aHANBIETHKOB MAIlUCHTAMH TPYIIIBI
OAII moctoBepHo (p<0,05) cHM3MIOCH ¢ 9,5 £ 1,92 TabneTok B MecsIl A0
4,25 + 2,25 to\mec nocne neuenus. Jlocrosepunie (p<0,05) pasnuuus 10
JedeHus 1 yepe3 16 Henenb HaOmoaeHui coxpansuucs —4,25 = 1,98 to\mec.
KosmgecTBo ynoTpebisieMbIX aHAIBI' € THKOB MMAalMEHTaMH TPYIIIHI KOHTPOJIS
Tak xe JgoctoBepHo (p<0,05) cHuzmiock, ogHako aoctoBepHo (p<0,05) B
MeHblIel crernenu yeM B rpymme DAIL, ¢ 9,9 + 2,88 t6\mec mo 7,5 + 3,34
TO\Mec mocne nedeHus. KonnuecTBO ymOTpeOIEMBIX aHATBIETHKOB
npojoikano gaoctoBepHo (p<0,05) cHmwkatbes u, mocie 16-oi Hemenu
HabmroaeHui, coctaBuino 5 £+ 2,26 t6\mec. B rpymmne DAIl coxpaHsiach
TEHJICHIMS K HCIOJB30BAHMIO MEHBIIETO YHCIA aHAIBIe3UPYIONTHX
Mpenaparos.

I[lpu  wuccremoBanmu  mopora  peduexca H®DP  BeraBnena
MOJIOKUTENbHAs JTMHAMHKA B BHUJE TIOBBINIEHHS IIOKa3zaTeJeld Iopora
pedrnexca B obenx uccienyembix rpynmax. B rpymme DAIl moxaszaremu
nopora pednexca HOP umenu nocrosepnsie (p<0,05) paznuaus 10 IeUCHUS
u uepe3 16 Hexens. B KOHTPOIBHOM TpyIIE BBIIBIECHA TONBKO TCHACHINS K
TIOBBITICHUIO OOJIEBBIX MTOPOTOB (Tabmwma 2).

Tabnwma 2. JlaHHBIC OIEHKH HOUUIEITUBHOTO (DIICKCOPHOTO pediiekca
IO MTOKA3aTeIo Mopor pediexca (MA)

I'pymnima Mo neuenust 16 nenens
OAII (n = 22) 5,1+224 *16,64 + 1,46
KonTpons (n = 22) 5,05 +£2,44 5,33 £2,46

* o u mocie nedenust (p < 0,05)
N mexay rpymmamu (p < 0,05)
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Oo6cyxnenue. Cpenu pa3iuyHbIX (OPM XPOHHUYECKUX OOJIEBBIX
cungpomoB I'b 3aHumaror ogHy u3 Beayumx nosunuit [15]. I[lo nmaHHBIM
psana 3MUIEMHUOJIOTUYECKUX HCCleAoBaHUN, 4-5% HaceneHusl pa3IudHbIX
CTpaH KallyloTCsi Ha XpoHudeckue exeaneBHole ['b [16]. Ilo maHHBIM
uTeparypsl, exenHeBHas I'b npeumyiiecTBeHHO cBsi3aHa ¢ XM, TeueHHe
KOTOPOH MOXKET OCIIOKHSATCS TPHCOEINHEHNEM JIeKapCTBEHHOTo aby3yca
[17].

[IpuMeHeHHE  BNEKTPOAKYMyHKTYPbl  IIO3BOJMJIO  IIOBBICHUTH
s¢dexruBHOCTD Tepanun XM. HYucno gueii ¢ I'b B rpynme DAII octaBamocs
IOCTOBEPHO MEHBIIUM, B CPaBHEHHH C KOHTPOIBHOH TPYNHoOH, Ha
MPOTSHKEHUH BCETO CpoKa HabOmroneHWil. JlaHHBINA pe3ymnbTaT IMO3BOJIIET
npearnonarats o Bo3aercTBir DALl He TONBKO Ha ypOBHE nepruepuIecKix
anTuHonMuenTuBHbIX cucteM (AHC), Ho u Ha ypoBHe nentpoB AHC B
TOJIOBHOM MO3Te, 9TO o0ycnaBiIuBacT MIPOJOIDKUTEIHHBII
aHajpresupyrommii  3gpdekr ot kypcoBoir OAIl u moarBepxkmaercs
00BbEKTUBHBIM MOBBIIIIEHUEM 00JIEBOTO MOpOra y ManueHToB rpymmbl DATL.
Ilo Bceit BuammoctH, aHenmbresupyronmid 3ddexr PT cBazan c
OJIOKMPOBAHNEM HOIMICTTHBHON addepeHTanuyn Ha YpPOBHE CIIMHHOTO
MO3ra 4uepe3 DJHJOTCHHYIO OINHATHYI0 CHUCTEMY U BBICBOOOXKIEHHE
SHJIOTCHHBIX OMUATOB (3HIOPGUH, dSHKehATWH W T.JI.), HHTHOWPOBAHUH
cyOcTaHmmu P, myreM akTWUBAIMM TPOCKIIMOHHBIX TPUITEPHBIX 30H, T.C.
HOLIMIIENITUBHON  cucreMbl. DAIl  mo3Boimiia CHU3WTH  CTENEHD
nesagantupyromero BiusHust I'b Ha manueHToB, moka3aTesy Mo OIMpPOCHUKY
HIT-6 6p11 mocToBepHO HIKe B rpymie DAII Ha MPOTSHKEHUH BCEro CpoKa
Habmonennii. DAIl sBAsSeTcs METOAOM JOCTOBEPHO IMOBBIMIAIOIIIM
OoeBoli mopor y marueHToB ¢ XM, 1o naHHBIM nopora peduiekca HOP.
OueHuBasg AMHAMHKY TOKazareieidl wactoTel ['b, ee aesamantupyroiero
BIIVSIHHS Ha TaIpenTa u nokazarenn HOP, 3adukcupoBana koppersius ¢
nokazarensimu P/l Ilpu mposenenun PJI depes 16 Heaenb oT Havana
JICUEHUs! BBISIBIIEHBI 1oCTOBEpHBIE (p < 0,05) pasnuuus 10 U IOCHIE JICUCHHUS.
Hopmammzamus mokazareneit MY 3adpukcupoBana B KTU mepuamana
MOUYEBOTO TIY3BIPS, JKEIyAKa, COCAMHUTEIFHO-TKAHHON JeTeHEepaIiim.
JlocToBepHBIX paznmuuui TMokazarenedt mo u mocie neuenus B KTU
MEpHU/IMaHOB TIEYEHW M TOJCTOW KHIIKHM 3adukcupoBaHo He Obwio. Ilo
nokaszatesnto I1C nocToBepHBIX pa3nuyuii 0 U MOcie JICUEHUs IPU JAHHOM
yrciae HaOmoAeHuid He 3adUKCUpOBaHO. BrIABIeHAa TEHIEHIMS K
HopManmuzanuu mnokaszarenedt IIC B KTU wmepuamana mnepukapaa.
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Hoctosepnas (p < 0,05) quHaMuKa 1Mo TOKa3aTeN0 ACHMMETPHH BBISIBICHA
B KTU mepunnana nepukapna, 18,6 + 9,1 yen. En no neuenus u 6,8 + 4,5
yen. Ex uepe3 16 nenens. TenneHuuss Kk HopManu3auuu nokasarens ANY
3adukcupoBana B KTHU mepuanana nmeyeHu.

Takum o0pasom, OAIl SIBIISICTCS 3 PEeKTUBHBIM
pediekcoTepaneBTHICCKUM METOIOM, JOMOTHSIOMNM (hapMaKOTSPaIIHIO 1
MOYKET Ha3HAYyaThCs i1 KOMIUIEKCHOIO JieueHUs namueHToB ¢ XM. DAII
JIOCTOBEpHO TNOBbICHIA 3()()EKTUBHOCTH TEpalmuy OKa3aB BIMSHUEC Ha
KJIIOUEBbIE  CTOPOHBI JIeYeHHs MauuMeHToB ¢ XM: wyactory H
ne3anantupytomiee BausHue npuctynos I'b. DAII nocToBepHo nosnusia Ha
CHIDKCHHE  KOJHMYECTBA  YIOTPEONMSIEMBIX  AHAIBICTHKOB,  OKa3aB
MPOTEKTUBHOE BIUSHUE M TpEAyNnpexaas pa3BUTHE JIEKapCTBEHHOTO
abysyca. OAIl oxasama JocToBepHOE BIMSHHSA Ha  (QYHKIUH
HOLWIENTUBHBIX W aHTHHOIMLENTHBHBIX CHCTEM OOBEKTUBHO ITOBBHICHB
OoneBoil mopor y mamueHToB ¢ XM. XM wuMeeT OTIUYHUTEIbHBIC
peduiekcoiuarHocTUYecKue IIPU3HAKID) BBISIBIISIEMBIC METOAOM
3JIEKTPOIYHKTYpHOU auarHocTuku P. doms. Perpecc 4acToTsl U TsxKeECTH
npuctynoB I'b koppenupyer ¢ Hopmanuzauuei nokazateneid O] B KTU
MEPHUAUAHOB JKeIyJIKa, IeYeHH, IEpUKapa 1 MOYE€BOIO My3bIPSI.
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JETEM C I
2Tynukos B.A., ’[llamux B.b., ' Tynuxos M.B., > Yypuros H. M.

! Xupyprudeckoe otaeneHune MbY3 «JleTckas ropojackas 00JIbHHUIIA
2 PeabunuraronHsi eHTp «Jloopomes» r. laxTer
? Pocrosckuil ['ocynapcTBeHHblil MeaunuHCKUl Y HUBEpCUTET
e-mail: tupikov_va@mail.ru

Annorarus. C eapl0 ONTUMU3AINK TIOKAa3aHUH K BEIOOPY MeToAa
XUPYPrHYECKON KOPPEKLUH AKBHUHYCHOW Je(OpPMAaIlMH CTOIBI, CHHKCHUS
BEPOSITHOCTH peuuanBa nedopmarnumy, CHIKCHUS CTETIeHH
(hyHKIIMOHATEHOW HEIOCTATOYHOCTH W PACIIMPEHHS BO3MOXKHOCTEH IS
uHTerpamn B obmectBo gmereit ¢ JLII, pa3pabortansl cmocob
MIPOTHO3UPOBAHUS PEIMINBA TTOCTIEC XUPYPTUUIECKOTO JICUCHUST SKBUHYCHOM
nedopMaly CTOMBI M MPOTHBOPEUUAMBHEIN CIOCO0 XHPYPTrUYESCKOTO
JIeYEHUS DKBUHYCHOH JeOpMaIiy CTOIBI MPH criacTuaeckux dpopmax AT
C WCIOJBb30BAaHHEM KOMIUIEKCAa (PYHKIIMOHAILHOTO OWOYIpaBICHUS
«Peamen-M2y». OmnepupoBano 12 nerteit (17 crom) co chmacTHYecKoOn
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nuriernedt (5 geteil) w remuruierudeckor ¢opmoii (7 meren)  JIIIL.
Cpennuit Bo3pact nainuentoB 10,4 + 4,8 ner. OtnaneHHble pe3yJbTaThl
CPOKOM J0 6 1eT mpociekeHsl y Beex Aeteld. [1o pe3ynpraTaM roHHOMETpUH
KOPpPEKIMsl 3KBHHyca cTombl  coctaBmwiaa 50,9° + 15,2°0 a creneHb
(YHKIIMOHATPHOH  HEJOCTAaTOYHOCTH CHHM3WiIack Ha 53,248,5% -
311,0+£85,9% 0 pa3NUYHBIM TECTaM MHOTOACMEKTHOM  OLEHKH
(hYHKITMOHATILHBIX BO3MOXKHOCTEH. PerunuBel aedopmariuii uim pa3Butue
SKBHUHOBapYCHOM M 0OpaTHOW IUIOCKOBaJbI'yCHOW aedopmaruii ctom He
3apeTUCTPUPOBAHEI. Bce MalMeHTsl W WX POAWUTENH PE3yNbTaTaMH
XUPYPTUYECKOTO JICYCHHS IIONIHOCTBIO  YIOBICTBOPECHBI, YYaTcsi B
001m1e00pa30BaTeNbHBIX YUPEXKACHUAX WIN paboTaroT MO IOIy9YeHHOMH
CIICIMATbHOCTH.

KiroueBble croBa: METCKHU IepeOpaNbHBIA TMapaind, SKBHHYCHAs
nedopMmanus CTONBI, KOMIBIOTEPHBIH KOMIUIEKC (PYHKIHOHAIBHOTO
OWoympaBlIeHUs, d3JIEKTPOMUOTpamMMa, KO3(DPUIMEHT pPeHUIpOKHOCTH,
xupypruueckoe neuenue LTI

APPLICATION OF COMPLEX FUNCTIONAL BIOCONTROL
"REAMED-M2" IN ORDER TO OPTIMIZE THE CHOICE OF
METHOD OF SURGICAL CORRECTION OF EQUINUS FOOT
DEFORMITY IN CHILDREN WITH CEREBRAL PALSY
L2Tupikov V.A., *Tupikov M.V., 2Churilov N.M., *Shamik V.B.
! Surgical department MBUZ "Children's Hospital"
2 The rehabilitation center "Dobrodeya™ Shakhty
* Rostov State Medical University
e-mail: tupikov_va@mail.ru

Annotation. In order to optimize the indications for the choice of
method of surgical correction of equinus foot deformity, reduce the
likelihood of deformation of recurrence, reduce the degree of functional
impairment and increase the opportunities for integration into society of
children with cerebral palsy, developed a way to prediction of equinus foot
deformities after surgical treatment, and an antirelapse of surgical treatment
of equinus foot deformation in spastic forms of cerebral palsy with the use
of complex functional biocontrol "REAMED-M2". Operated on 12 children
(17 feet) with spastic diplegia (5 children) and hemiplegic form (7 children)
cerebral palsy. The average patient age 10,4 + 4,8 years. Long-term results
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of up to 6 years of age were evaluated in all children. Correction of equinus
foot was 50,9° + 15,2°, and the degree of functional impairment decreased to
53,2+ 8,5% —311,0 £ 85,9% for different tests multidimensional assessment
of functionality. Relapses deformation or development of equinovarus and
planovalgus foot deformities was not. All patients and their parents the
results of surgical treatment are fully satisfied, are studying in educational
institutions or are working in their specialty.

Keywords: cerebral palsy, equinus foot deformity, functional
computer system biofeedback, electromyogram, reciprocity factor, surgical
treatment of cerebral palsy.

JIBUraTenpHbIC HAPYIICHHSI SBJISIOTCS OCHOBHBIM MPETISATCTBHEM IS
uHTEerpanuu B obmectBo jgo 60% mereit ¢ UL [1]. Paspabotka
3¢ (HEKTUBHBIX METOZOB KOPPEKIMH ITHX HAPYLICHUN M CHIKCHUE CTCIICHH
(hyHKIIMOHAIEHON HETOCTATOYHOCTH SIBIISIOTCS OJHOW M3 TJIABHBIX IIeJici B
neueHuu aeren ¢ JIIIL

W3BecTHO, 4TO SKBUHYCHAS W SKBUHOBapyCHas Ie(OpMaIMy CTOIIBI
gacTo OBIBAIOT OMHUMH W3 TEPBHIX MPOSIBICHUHA 3a00JCBaHUSA y AETEH C
JUIIETMUYECKOi U remuruiernaeckon popmamu JIIIIT. [2,3].

Crmoco6s1 CunbBepnenbaa, Crpaitepa, T.C. 3arenuna, OTKPBITOH U
3aKpHITOM aXWUIOTOMHHM W aXWDIOIUTACTHUKU (C TpaHCIO3uIed u 0e3
TPAHCMO3UIIMKA HA THUI CTOIBI CYXOXHIUS TepeqHel OoJbIieOepIioBoil
MBIIIIBI), AMOHEBPOTUYECKOTO  YAJIMHEHUS  HMKPOHOKHOW  MBIIIIIBL,
CENIEKTUBHOW MHO(MACIMOTOMIH TPEXTJIaBOH MBI TOJCHW HAIUIA
HanOoINbIIee  PAaCIpOCTpaHCHWE TPH  XUPYPTUICCKOH  KOPPEKIHH
SKBHHYCHOM aedopManuu cTomsl y aerei [4, 5, 6].

[lo pgaHHBIM JHTEPATYpHl WX MPHUMEHCHHWE, OCOOCHHO IMpH
HEOOOCHOBAHHO PAaHHEM XHPYPTUYECKOM BMEIIATEIBCTBE, 3aKAHUUBACTCS
penuauBOM, WM (OPMHPOBAHHMEM OOpPAaTHOM M IUIOXO MOJAAOLICHCS
JICYCHUIO TATOYHON JAeOopManMy CTONBl M pa3BUTHEM THOWAIBHOTO
CHUHJIPOMA H3-32 PA3BUTHS BTOPHYHON CIIA0OCTH KaMOATOBHITHON MBIIIIIEI B
6% — 48% cnyuaes [3, 7, 8, 9].

N3BecTHO, 4YTO B MATOr€HE3€ OSKBHHYCHOM M 3KBUHOBAPYCHOMU
nedopmanuii cromsl npu cnactudeckux (opmax LI onpexnensrontyro
pOJb HIPAlOT TATOJOTUYCCKUE MEIIICYHBIC CHHEPTHA M HapyIICHUE
PEIUIPOKHBIX OTHOIICHWI MBIIII aHTaroHUCTOB TojieHH [10].
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I[Ipy >TOM mpPUYMHBI BOZHUKHOBEHHS PELUAWBOB U OOpaTHBIX
nedopManuii OCTarTCS HEIOCTATOYHO UCCIICTOBAHHBIMH.

Hens w 3agaua. Ontumu3anms TOKAa3aHWKH W BHIOOP METOIOB
XUPYPTUYECKOH  KOPPEKIMM  JKBUHYCHOW  JedopMallMd  CTOIIHI,
00eCIIeUnBAIOIINX MHHUMH3AIMIO BEPOSTHOCTH PpEIMIUBa jaedopMarium,
00 pas3BUTHS OOpaTHOH nedopManud B BUAC MATOYHOH CTONBI H
THUOWABHOTO CUHIPOMA.

Marepuaibl U MeToAbl. IIpoBeneH aHanM3 MOBEPXHOCTHBIX
3JIEKTPOMHUOTPAMM (BMI) u OIlpesIeNICHUE K03 puIIeHToB
permnpokaoctu (KP) mepemneit 60mbmebepioBoif 1 HKPOHOKHOW MBIIIIII
MIpU MaKCUMAaIbHO BO3MOXKHOM CTHOAHHUHY M Pa3THOaHNU CTOIIBI Y 3I0OPOBBIX
nereii u perer ¢ JUII mocie XuUpypru4eckod KOPpPEKLMHM SKBHUHYCHOM
nedopMany CTOIbl 0e3 peIuIuBa U ¢ HCXOJOM B peIlUIuB. B kaxmoii
rpymnne 23 manueHTa. Vcnonb30Baiu CIENUATM3UPOBAHHBIA KOMILIEKC
¢dbyHkimonansHoro  Omoynpasinenus  «PEAMEJ-M2» B pexume
TECTHPOBAHUSI.

Curnansl OMI' cHUManu ¢ JIBUraTeNbHBIX TOYEK HMKPOHOXHOU U
nepeaHe 60IbIIe0epIIOBO MBIIII] C TIOMOIIBI0 OUTIOSIPHBIX IIEKTPOIOB C
OTBOASIIEH MOBEPXHOCTHIO 10 MM? U MEX3JIEKTPOAHBIM paccTosHueM 20
MM, a UHIUPPEPEHTHBIA AIEKTPOX (UKCHPOBAIM K KOHTpIAaTepabHON
KOHEYHOCTH TAIMeHTa. 3aa4ya UCIBITYeMOTO 3aKII0Yaiach B BBIIOJHEHUH
TECTOBOTO [BI)KEHHS B BHJIE MaKCHMAJIbHOTO aKTUBHOI'O TBUIBHOTO
(S5cekynm), a 3areM mojomBeHHOro (5 cekyHn) crubaHus CTONBI B
MOJIOXKEHUM Jiexka Ha crnuHe. Kaxapli HCIBITYyeMbId BBIIOJHAN 1o 4
TECTOBBIX ABIWXKEeHHUA. Kod(h(UIMEHT PEernunpOKHOCTH OLECHUBAIU ITyTEM
BBIUMCIICHUS OTHOMICHHs aMrumTyn OMI mepemnelr 0osbIeOeprioBoi
MBIIIIBI 1 UKPOHOKHOW MBIIIsl. KP = OMI'al / OMI'a2 u KP=DMTIa2 /
OMTIal; rme OMIal- ammumryna OMIT mepemnHeld OGobIIeOEpIIOBOIA
MbIb, OMI a2 — ammutyna OMI ukponoxHo# Mprmsl [11, 12]. TTocne
MPOBEACHUS TMPOLEAYp VYCHICHHs, (QUIbTpAllMM U HHTEIPUPOBAHUS
MOKa3aTeN OMOANEKTPHUUECKOW aKTUBHOCTH MBIIII] B BHIE «TI00ATBHOM
OMI'», aMmnuryga KOTOpPOM HPONOPLMOHANIbHA TEKYIIEMY YCHIIHIO,
pa3BUBACMOMY MBIIIIIAMH, ABTOMATHUYECKH IOSIBITIOTCS Ha OJKpaHe
MOHHTOpA B BHJIC TaOJUIIbI, T MPEICTaBICHBI cpenHue 3HadeHus KP
HCCIICAYEMBIX MBIIII] 32 YETHIPE TECTOBBIX JIBHKCHUS.

B rpynmne 310poBbix geteit 3HaueHus: KP coctaBuim 1uist UKPOHOKHOM
Mbriis! 0,18 + 0,07 (18% £ 7%), a i nepeaHei 60bIIeOepIIOBOI MBIIIILIBI
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0,23 + 0,07 (23% = 7%), TO ecTh YKJIAaIbIBAJUCh B T'PAaHUIBI CPETHUX
CTAaTHCTUYECKUX TIOKa3aTeleldl 1O JaHHBIM JUTEPATYPHBIX HCTOYHHUKOB,
COTJIACHO KOTOPHIM B HOPME AaKTHBAIllds MBI  aHTarOHWCTOB
(k03 uruent perpmnpoxuoctr) cocrasister 1o 0,15 — 0,20 wm 15 -20% ot
akTUBHOCTH aroHuctoB [12]. C yderoM MakcHMalbHOW OINHUOKH,
obecnieunBaroniel crerneHs HaaexHocTH 95% (p < 0,05), 3navenus KP mis
MKPOHOKHOW MBIIIIBI COCTaBWIM B TPYyMIIE AeTel mocie Oe3penuanBHOTO
xupyprudeckoro yeuenus 0,22 + 0,04 (22% + 4%), a mocne 0CI0KHEHHOTO
peumanBoM xupyprudeckoro jedenus — 0,69 + 0,16 (69% =+ 16%).
3navenus KP nist mepenueit 60s1b11e6epioBoil MBIIIIIEI COCTABHIIN B TPYTINE
Jeteit ocie 6e3pennanBHOro Xxupyprudeckoro gederns — 0,30 + 0,06 (30%
+ 6%), a mocJIe OCIOKHEHHOTO PEUINBOM XUpyprudeckoro ieucHus — 0,88
+ 0,23 (88% £ 23%).

B rpymmax 3mopoBBIX JeTedl W Jerei mocie Oe3peruauBHOTO
XUPYPrUUECKOTo JieUeHUsl pa3HuIa cpeaHux 3HadeHud KP HKpOHOXKHBIX
MbI HemoctoBepHa (p > 0,05), a cpegnux 3Hauenuid KP mepemnux
60JBIIe0epIOBEIX MBI AOCTOBEPHA ¢ BepoaTHocThi0 p<0,05. Pasunma
cpenuux 3HaueHU KP MKPOHOKHBIX U epeTHUX OOBIIEeOEePIIOBBIX MBIIIII
B TPYIIax JETeH ¢ peruauBaMu U 0e3 peIUJUBOB MOCIE XUPYPIHISCKOTO
JICYEHUS, a TeM OoJiee B TPYMIIax JETeH C PelUINBAMU M 3JJOPOBBIX JETEH
3HauuMo JoctoBepHa (p<0,001).

[Ipu wmaremaTtuyeckoif 00pabOTKE TIONYyUYEHHBIX MaHHBIX HaMHU
ycranoBineHo, uto npu KP 6onee 0,26 (26%) A1 HKPOHOKHOM MBI U
6ornee 0,36 (36%) g mepemHei OONMBIIEOEPIIOBON MBIMIIEI BO3HUKACT
PHUCK peIuInBa SKBHHYCHOH WM SKBHHOBAPYCHOW ae(opMariiyi CTOIIBI
mocie ux xupypruueckoro seuenws. [Ipu KP Gomnee 0,53 (53%) s
UKPOHOKHOU MBITIIE 1 0oee 0,63 (63%) mist mepemHei 601pme6epoBoi
MBI BEPOSITHOCTh penuanBa gocturaet 95% (matent PO Ne2432899).

Ha ocHoBe monyueHHBIX JaHHBIX pa3pabO0TaH METOA XUPYPrHUECKOTO
JieUueHUs] dKBUHYCHOH medopmaruu crombl y aetei ¢ JIIT (marent PO
Ne2486873), mO3BONAIOMNI MUHUMHU3UPOBATh PHCK PAa3BHTHS PEIUANBA.
Ero cyTs 3aximouaercs B crnepytomeM. Ilepen onepanueil Beinonnsem OMIT
MBI aHTArOHUCTOB ToJieH! U onpenensieM KP mkpoHOXKHOU U mepeHen
6onbrredepuoBoit Mbi. [1pu KP ukponoxuoit Mermipsr menee 0,26 (26%)
u KP nepenneit 6omprredeprioBoit Memmisl Meree 0,36 (36%) BeIOTHIIEM
onepanuto Crpaiiepa WIu OJWH W3 BUAOB axwutoractuku. I[Ipm KP
UKpOHOKHOU MpIIB! 60ee 0,26 (26%) u KP nepenueii 60mb1edeprioBoit
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MbIbel 6osee 0,36 (36%) 3T omepaluu JOMONTHIEM TPAHCIIO3UIIMEH Ha
TBII  CTONBI  PAcIIEIVIEHHOTO  TPOIONBHO  CYXOXWINS — TepemHeit
60JTBIIIe0epIIOBOI MBIIIIIBI, TIPH 3TOM BHYTPEHHHH €T0 JIOCKYT (PHKCHPYyeM
K TpeXHEMY MECTy NpPHUKPEIUIeHHs, a HapyXHBIH JIOCKYT MNepeMerniaeM
MOJIKOXKHO Ha THUJI CTONBI U (PUKCHPYEM K NMPOMEXKYTOUYHON KIIMHOBHIHOM
KocTu i ocHoBaHwmIo || murrocHeBo# kocTH. Ecii mocie aToro yctpaHeHHIO
9KBUHYCHOW IedopMalMy CTOMBI MPEMSTCTBYeT KOHTPAKTypa 3aIHel
00JbIICOEPIIOBOI MBIIIIIIBI MU MTOJAOIIBEHHOW MBIIIIA, TO BBHIONIHICM Z-
o0Opa3zHoe y/UIMHEHWe 3agHel OOJBIIeOepIOBOM MBIIIIBI, a CYXO0XKHIHE
TIOJIOIBEHHO MBIIIIIBI TIEPECEKAEM.

[Toce remocTasa paHbl Ha TOJICHH M CTONE 3ammBaiy. HaxmaapBamm
ACENTHYECKYIO MOBSA3KY M LUPKYJSPHYIO THIICOBYIO TIOBSI3KY /IO CpEIHEH
Tpetn Oexpa Ha 1,5 mecsima. Ilocime cHATHA ruIica paspemiaiyd cHadaia
JIO3MPOBAHHYIO, & 3aTEM MOJHYIO Harpy3Ky Ha OIIEPUPOBAHHYIO0 KOHEUYHOCTD
B opronenudyeckoil o0yBu. OcymecTBISUH (DUKCAIUIO TOJEHOCTOIMHOTO
cycraBa B HOYHOM O€3HArpy304HOM TyTOpe B TEUYECHHE 3 MECSIIEB.
Ilocneoneparmonnoe (pr3noyHKIMOHATBFHOE JIEYEHHE HANpaBisUId Ha
BOCCTaHOBJICHHE CHWJIBI MBIIII HIDKHEH KOHEYHOCTH, (OPMHUPOBAHUIO
HOBOro ctepeoTHna xoAr0bl. [lpum 3ToM mnpumensuin JIDK, wmaccax,
AIIEKTPOTIPOLIETYPHL, MarHUTOTEPaIHIo, MHKPOBOJIHOBYIO
MuKpope3oHaHcHyto — Tepanuoo, JOHAC wu CKOHAP  Tepanmro,
uriopedrekcoTepanuto, jedeOHbIe BAHHBI, KHHE30TEPAITHIO.

O0beM JBUKECHHA B TOJCHOCTOITHOM CYCTaBe OIpeAeTsuIn
YIJIIOMEPOM € TIOMOIIBI0 MEXIYHapOIHOTO HEHTpanpHOro O-poXoasIiero
SFTR merona B HEHTpaIbHOM TOJIOKECHHH KOJIEHHOTO CycTaBa, IPHHAMAS
3a HelTpanbHoe (0°) Mmosio’keHHe CTOMbI NoJ NPSIMbIM yrioM 90° k roseHu
[13].

OO0 ynyumenne (YHKIMH TOJIEHOCTOITHOTO CYCTaBa U CTOIIBI CYIHIIH
mo TecTy AucQyHKIMM HWXKHEH KoHeuHocTn OOepra, a o CTENEeHH
yAyYIIeHUs KayecTBa IKM3HU, CHIDKCHHH YpPOBHSA (DM3UYECKOH U
COLMANbHON IU3afanTalii O W IIOCIe XHPYPTHYECKOTO JICUeHHs, C
MOMOIIBI0O  TECTOB  MHOTOACHEKTHONH  OLEHKH (YHKITHOHATBHBIX
BO3MOXKHOCTEH [ 14].

Kpome TOro, KpuTepmsMH JUii OIEHKH 3(P(EeKTHBHOCTH JIeUEeHHS
ObUTM:  yCTpaHEHHE OSKBHHYCHOM  nedopMalil  CTOIBI,  CTEIIeHb
BOCCTAHOBJICHHsSI  (YHKIHUH TOJCHOCTONHOIO CycTaBa U  HIDKHEH
KOHEUHOCTH, pAacCIIMpEeHUE IBUTATEIBHBIX BO3MOXKHOCTEH, MOSBICHHE U
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pa3BUTHE HABBIKOB  CaMOOOCIYXKHMBaHHUs, OBITOBOH U  TPYHOBOM
NEATENPHOCTH,  VAOBICTBOPCHHOCTh TANMEHTa W €r0  POJUTENCH
pe3yIbTaTaMu JICUCHUS, OTCYTCTBUE PEIIMINBOB U OOpaTHBIX Ae(opmMariuii.

Craructudeckyro 00pabOTKy IOJyYEHHBIX JAHHBIX MPOBOAWINA C
MOMOIIIBIO TTaKeTa aHanu3a mporpammel MS Excel. Onpenensiin cpearue
3HaYeHus JaHHbIX (M), cpemHeKkBaapaTWdyecKue OTKIOHEHHs (o),
JIOCTOBEPHOCTh Pa3Iuuuii cpeqHux (p).

Pe3ynbTaTtsl u o0cyxknenue.

[o mpemnoskeHHON METOIUKE BBITOTHEHO XUPYPTHUCCKOE JICUCHHE I
MoCIeAyromas peadrnTarys 3KBHHyCHOH nedopmariiu cron 12 nersam (17
crom). Cpemumit Bozpact 10,4 £ 4,8 jer. 5 gerell co CIACTHYECKOM
IUIUlerned W 7 jgeredl ¢ TreMuIuiermueckod (opmoit 3aboneBaHus.
OtnaneHHbIe pe3yabTaThl CPOKOM JI0 6 JIET MPOCIIEKEHBI Y BCEX JIETEH.

JaHHBIE O BOCCTaHOBJIEHHUH (DYHKIIMH TOJIEHOCTOITHOTO CYCTaBa B
pe3yabpTaTe XUPypruuecKoro JeUeHHs MPEACTaBICHBI B TabIuIe 1.

Tabmuma 1. Pe3ynbTaTsl XHpyprudecKoro JeYeHUs SKBUHYCHON
nedopmanuu cronsl y nereit ¢ JLI1 mo naHHRIM roHHOMETpHA

IManwmentsr | Cropona | MakcumanbHas TOPCH(IIEKCHST CTONBI B
TPHULIETIC rpagycax
cuaapoma | @ukcupoBaHHbl | TeimeHOE | Koppekuus
9KBUHYC no | crubanue
JICUCHUS nocie
JICYCHUS
[Manwmenr 1 | mpasas 40 3 43
[TauuenT 2 | npasas 65 2 67
JieBast 61 2 63
[Manuent 3 | npaBast 47 2 49
neBast 52 2 54
ITanmenT 4 | yeBas 29 5 34
[TanmenT 5 | mpaBas 49 2 51
[anment 6 | mpaBas 52 6 58
[Manwment 7 | mpasas 32 3 34
neBast 36 4 40
[Manwment 8 | mpasas 25 3 28
neBas 25 3 28
[laruent 9 | mpaBas 48 1 49
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JIeBas 67 1 68
ITamuent JeBas 80 2 82
10
ITamuent npaBast 62 2 64
11
ITanmest mpaBast 49 3 52
12
Cpennee
3HAYECHUE 482 + 157 27+13 |509+152
(M+5s)

Bo Bcex cnyuasx pasHMIila ctaTucTuuecku goctorepHa (p < 0,001).

PesynbraThl XUPYpPrUYECKOTO JICUYCHHUS C TOYKH 3PEHHS CHHUXCHHS
cTeneH: (pyHKIIMOHAILHON HEIOCTATOYHOCTH MAIMEHTOB, OMIEPUPOBAHHBIX
0 TIOBOJIY 3KBUHYCHO# JedopMaliuu cTor, MpeACTaBlIeHbI B Ta0muIe 2.

Tabmuma 2. CHImKeHne CTeleHn (PU3HYECKO U COMAIEHON
JIM3aJlanTaliy, MOBBILIEHUE YPOBHA KauecTBa sxu3Hu nereit ¢ LI nocne
XUPYPrUYECKOT0 JICYSHUS SKBUHYCHOU Jie()OpMaIliU CTOIIBI

Cpennuii | Cpennuii | Kommnienca- | Kommnenca-
Bun Oamt no | Gamn s st (%)
(DYHKIIMOHAIBHOTO | JICYEHHs | TOCie (6ambr) M=£s
HCCIIeI0BAHUS M<=*s JICYEHHUSI M=s

M<=s

HNupexc
aKTHBHOCTH 44,5+6,5 | 85,0+4,8 | 40,0+6,4 129,1+£32.4
HOBCEIHEBHONI
>kn3HU baptena
Nunexc
MOOHIBLHOCTH 4,3+1,3 10,1+1,5 | 6,0£1,2 311,0+85,9
Pusepmun
Mepa
(dbyHkuoHaneHOM | 67,6+£7,6 | 105,5£7,5 | 37,9£7,9 73,5+£26,1
HE3aBHCHMOCTH
(FIM):
[Mpoduns BaUsHAS
6one3nu (SIP — 25,8+1,7 | 12,6+2,7 13,242.1 53,248.5
68)*
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Tect OGepra
(cucTema OICHKH 51,4442 | 23,445,6 | 27,0+4,7 56,7+9,8
IucHyHKIUN
HUXXHEHU
KOHEYHOCTH)™

* [lonoxuTeNnbHAS JMHAMHKA OIICHUBACTCS IO PErPECCUBHOM IIKaje
0aoB.

Bo Bcex cimyuasix pasHMIia cTaTucTHYecKu goctoepHa (p < 0,001).

O} PeKTUBHOCTH MPETI0KEHHOTO CIIOCO0a XUPYPTUUECKOTO JICUCHHUS
SKBUHYCHOU nedopMmarmu ctombl y neredr ¢ JIIT oOyciosiena
CJIEYIOIIMH MTPUHIIUITHATBHBIMA TTOJIOKCHUSIMU:

1. Betbop meroma M 00BEM XHPYPrHYECKOTO BMEIIATEIbCTBA
ompenessieTcss pe3yabTaTaMd  OOBEKTUBHOTO 3JIEKTPOMHOTPAPHUSCKOTO
UCCIICAIOBAHMsI, 4YTO TO3BOJSICT MHHUMH3HPOBATH PHCK  pEIUIMBA
SKBHHYCHOM JIc()OPMAIIUH CTOIIEI B ITOCICONIEPAITHOHHOM TIEPUOJIE.

2. YcTpaHeHME OKBUHYCAa CTONBI  IO3BOJISIET W30aBUTHCS  OT
MAaTOJIOTMYECKOTO CTEPEOTUIIa TIO3bI U XOABOBI, CBSI3aHHOTO C Pa3BUTHEM,
TaK Ha3bIBAEMOTO TPHUIIETIC CHHAPOMA, W MPHUCTYIUTh K (HOpMUpOBaHHIO
ONITUMAITEHOTO ABUTATEIFHOTO CTEPEOTHIIA.

3. bnaromapst TpaHCmO3WIMKM HAa TBHUI CTONBI  PACIIETUICHHOTO
MIPOIOJIBEHO CYXOKHIIHS TIepeTHEe O0bIIeOepIOBON MBIIIIIBI ¢ (hUKCAITHCH
BHYTPEHHETO JIOCKYTa K MPEKHEMY MECTY IPUKPEIUICHHS, a HapyKHOTO
JIOCKyTa K IPOMEXYTOYHOH KIIMHOBUIHON KOCTH CHHYKACTCS PUCK Pa3BUTHSI
SKBHHOBAapYCHOM W 0OpaTHOW IUIOCKOBaJIbI'yCHOW aedopmaimii CTOIBI B
MOCTICONIEPAITIOHHOM TIEPHOJIE.

[lomyyeHnbie pe3ynbTaThl  CBHIACTEIBCTBYIOT O 3HAYUTEIHHOM
BOCCTAHOBJIICHHH W YIIYYIICHUU (PYHKITHH TOJIEHOCTOIHBIX CYyCTaBOB IIOCIE
XUPYPTHYECKOTO U KOMIUICKCHOTO BOCCTAHOBUTEIIEHOTO JICUCHHUS KakK B
CBSI3U C YBETHYCHHEM 00HEMOB IBIXKCHHS B TOJICHOCTOITHBIX CYCTaBax, TakK
U B pe3yNbTaTe paclupeHus GyHKINOHATIHHBIX BO3MOKHOCTEH MAI[HEHTOB.
Bce aetu u ux poauTenu yAOBICTBOPEHBI pe3ylbTaTaMu JiedeHus. Jletu
OpTOTEIUYECKON 00YBBIO HE TIOJB3YIOTCS, TIOTHOCTBIO ce0s1 00CTY)KHUBAIOT,
3aTpyAHCHUN TpU TOABEME M CIIyCKE IO JIECTHHIC, MPEOIOJICHUH
MPEISATCTBUMA,  TOJB30BAHWM  OOIIECTBEHHBIM  TPAHCIOPTOM  HE
UCTBITHIBAIOT. [locemaroT oObIYHYI0 00IIe00pa3oBaTeNbHYI0 —IIKOIY,
y4aTcs B CPEOHUX W BBICIIUX YYEeOHBIX 3aBEACHUAX, pPabOTalOT [0
CICTIMATBHOCTH. PeriuuBel e opMaruii min pa3BUTHAE SKBUHOBAPYCHOM U
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00paTHOM MIOCKOBAIBI'YCHOU NehopMaluidi CTOI, THOUATBLHOTO CHHIPOMA
HE 3aperuCTPUPOBAHBIL.
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Iloocexkyuna2.1 Memoowt u cpedcmea KOmMnoviomepHoU
cmabunozpaguu

CTABWIOIPA®UYECKHUU TECT-TPEHUHTI JIJIS1
OINTUMM3ALIMU ITPOU3BOJILHOM PETYJISILUA ABUKEHUN
lHepe}zmoe A, ZXOJZMOZOPOGG H.B., *Cuusa A.C., 3ﬂe@zzu1<aH06 D.0.
13A0 «OKB «Putm», r. Taranpor
2.dI'BOY BO «MOCKOBCKHIA IeJarornueckmii TocyJapcTBEHHbIIH
YHHUBEPCHUTET
3.TBY PO "UMP Nel" B r. Taraupore
e-mail: stabmed@stabilan.ru, natalya_holmogor@mail.ru, edeo@yandex.ru

AnHoTarst. B crathe mpemimaraeTrcs  HOBBIM  TOAXOA K
(OpPMUPOBaHHIO  TIPOW3BOJIBHOTO  YIIPABIEHUS JBWKEHHUEM  IyTeM
COBEPILCHCTBOBAHMS MEHTAIBHBIX JBIDKCHHH M JBHTATEIBHON TNaMATH
YeJI0BeKa Ha OCHOBE NPHMEHEHHMs CTabmiorpaduueckoro Tecrta-TpeHUHIa
«/IBI>KEHHE TI0 TPAEKTOPHUI» PEaln3yeMOoro ¢ IMOMOIIBI0 KOMIIBIOTEPHOTO
cTabmoaHanu3aTopa ¢ Onoorndeckoi o0paTHoi cBs3pio «Crabuman- 01-
3.

KiroueBsble ciioBa: MEHTaJIbHBIE IBU)KEHHS, IPOU3BOJIBHAS PETYIISIIHS
JBIDKEHHH, IBUTATEIbHBIE aBTOMATH3MBI, TIOCTYpaJIbHBIE JIBIKEHHUS, LIEHTP
JaBIIeHUs1, cTabmIorpadus, IBHKEHHE 110 TPAEKTOPHH.

STABILOGRAPHIC TEST FOR TRAINING OPTIMIZATION OF
ARBITRARY REGULATION OF MOVEMENTS
Pereyaslov G.A., ZHolmogorova N.V., ‘Sliva A.S.,
*Devlikanov E.O.
1ZA0 OKB «Rhythmy, Taganrog
2FGBOU IN «Moscow State Pedagogical University»
3GBU RO «DEM Nel» in the city of Taganrog
e-mail: stabmed@stabilan.ru, natalya_holmogor@mail.ru, edeo@yandex.ru

Annotation. The paper proposes a new approach to the formation of
the random motion control through the improvement of mental and motor
movements of human memory through the use of test-Stabilographic training
"movement path” implemented by computer stabiloanalizator with
biofeedback "Stabilan- 01-3."

167



MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

Keywords: mental movement, arbitrary regulation of movements,
motor automatisms, postural movements, the center of pressure,
stabilography, the motion path.

Coseplliasg MEHTaJIbHbBIE JIBUKEHUS, YEIIOBEK MBICIEHHO MTPOU3BOJIUT
NEeHCTBUS (ABIDKEHISI) U, TIPU 3TOM, 3aIyCKaeT MPOTrpaMMy MPOU3BOIIEHOTO
YIpPaBIEHUS  COKpAIIEHHWEM  OMNPENEICHHOM TPYMNIbl MBI, €ro
peanu3yImux. ITO MPUBOIUT K BOSHUKHOBEHUIO MUKPOJBHUKCHUM, 1, KaK
ciencTeue, K cMmemeHnto meHtpa masienus (LIJ]), permcrpupyemoro c
moMmoIpio crabuiorpada. B HacTosiee BpeMs MEHTaIbHBIC IBIKCHHS
MAPOKO  HWCHONB3YIOTCSA B CHOPTE TIpH  OTPabOTKE  CIIOKHO
KOOPJIMHUPOBAaHHBIX  JBMXKEHMHA W B  HelipopeaOWIMTAllUU  TIpH
BOCCTAHOBJIICHHH JBUTATCIIBLHBIX ()YHKITHIA.

[Ipennaraemprii TecT-TpeHWHT BKIOYaeT Tpu 3tama (. puc.l). Ha
mepBoM  dtame  (9Tame  OOyYeHHs)  UYelOBeKy, CTOsIIeMy  Ha
crabunoruiatopMe, Ha 3KpaHE MOHUTOpA MPEIbSABISCTCS TPACKTOPHUS B
BUJIE TOYEK, IO KOTOPOM OH JOJKeH mnepememiats cBoi LI/l oT Touku K
touke. MomenT nepexona L[/ B kaxxmoit Touke ¢ukcupyercs. Ha Bropom
JTare 4eJ0oBEeKy MpeJyIaraeTcsl 3aKphiTh Ija3a U MBICIEHHO (HE coBepIas
peansHbIX niepemenennii 1[/1) Bocnipoussectn nerkenue L) mo 3amanHoiM
TPAeKTOPHH OT TOUKHU K TOUKE, GUKCHUPYS €r0 HAXOXKACHUE B KAXKIOH 13 HUX.

3ran oby4enns
HRORCOIAM) MR I D THEBNTORM 10

MeHTanbHbIv atan

Bocnporasegeeme aniaceessh 1O NIMATH
Wi CORBIILS wX

-

3ran aHanuaa

Bocnporatssmans [ nsss-ouh 1o DoV
CAMBPUINN DO NN IDMILHIG 10
TR TOpa

Bece

.
PucyHnok 1 — Anroputm npoBeieHUs TecTa
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Ha Tperbem »sTame oOcienyeMoMy paeTcd 3aJaHHe [0 MaMATH
BOCIIPOM3BECTHU TpaekToputo nepememiats LI/ oT Touku k Touke. [Ipu aTom
TOYKHM TPAeKTOPUH Ha dKpaHE MOHHUTOpA He oToOpaxaioTca. KommuectBo
MOJXOJ0B Ha JTame OOy4YEeHUs MOXET MEHAThCS B 3aBHCHMOCTH OT
NOCTABJICHHON PeaOWIIMTAIIMOHHON MM pa3BUBarolei 3amaun [1].

AHanmu3 JaHHBIX (pHC.2) TIpencTaBiseT COOOH COMOCTaBICHHUE
pE3yNbTaTOB  BBIIOJHEHUs TpPeX TECTOBBIX 3aJaHMil. Pe3ynbTaThl
UCCIIEIOBaHNA Jal0T BO3MOKHOCTH OLIEHUTH YCIIEHIHOCTh IPOHU3BOJIEHOIO
yIpaBieHNns COOCTBEHHBIM TEJIOM, KPAaTKOBPEMEHHYIO JBHTATEIBHYIO
aMATh ¥ COPMHUPOBAHHOCTD Y YEJIOBEKA ABUTATEILHBIX aBTOMATH3MOB.

PesyneraTthl
- -
OueHKa yCrnewHocTH NPOoN3BONbHOM MpoBepka ChHopMUPOSAHHOCTH
YNPEBNEHUA OABNKEHNEM W ¥ HenoseKa nBnraTenbHbix
cobcTeeRHbIM TENOM 2BTOMATMIMOS

Y

AHANW3 KPATKOBPEMEHHON
ABKIATENLHON NAMATH

Pucynok 2 — Pe3ynbTaThl TECTHPOBAHUS

MeToauka npoBeaeHHs UCCIET0BAHUSA

[IpoBenenne oOcnenOBaHUS 1O METONWKE «JIBIKeHHWE IO
TPAEKTOPUNY OCYILECTBIISETCS CIACAYIOMUM 00pazoM. YeaoBeK CTAaHOBUTCS
Ha cTabMIoIIaTopMy B €CTECTBEHHOM T103€.

Ha mepBoM orame, npm oOydeHHH, Ha OJKpaHE ammapaTHO-
MPOrpaMMHOI0 KOMILIEKCA €My MpEeAbsBISAETCS KapTHUHKA B BUAE TOYEK
TPaeKTOPUHU U MapKepa, oToopaxaromiero nojoxenne LJ1. Yemosek gomken
OCBOMTH MepeMeleHns Mapkepa myreM cMemeHus L[] u npoBectu mapkep
M0 YKa3aHHOW TPaeKTOpWH, (PUKCHPYS €ro IOJIOKCHHE B KAXKIOH U3
YKa3aHHBIX TOYEK. DTO MOXHO CAENaTh JIUOO yCTHO, U MIPU 3TOM OIepaTop
JIOJDKEH Ha)KaTh Ha KHOTIKY (PMKCAIIH TOYKH, THOO C TOMOIIBI0 KOHTaKTHOM
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KHONKHU. [Ipym 3TOM KOOpIMHATHI TOYKH PETHCTPUPYIOTCS B IPOTOKOJNE
oOcnenoBanus. Jlanee oH mowkeH nepemermaer L[/ ko BTOpoii, Touke u
(uKCcHpOBaTh ee, IIOTOM K TpeTheil Touke. Ha BTopom aTamne oOciexyemMmoMy
IpeyaraeTcsi, He coBeplas peanbHoro cmemeHust LIJ[, 3akpbIB rmasa
MBICJIEHHO mnepeMecTuTh cBoil [IJ[ mo paHee BU3yaau3HMpOBaHHOU
TpaekTopuu. OnepaTop HaXXKUMAaeT KHONKY CTapTa, U YEJIOBEK MBICIEHHO
nepemenaet L[] Ha MecTo pacronoKeHus MepBoi, BTOPOIl U TpeThel ToUeK
3aJaHHOH TPaeKTOpUHU, (GUKCUPYSI €TO MOJIOKEHHE B KAKION U3 yKa3aHHBIX
Touek. Ha TpeTbem sTame Ha sKkpaHe anmapaTHO- MPOrPaMMHOTO KOMITIEKca
BHOBb HOSBISETCA BU3yanbHas TpackTopus nepemerieHus 1. Uenoseky
IpeAsaraeTcsi TPOBECTH MapKep II0 YKa3aHHOM TPaeKTOpHH II0
3pHUTENEHOMY 00pasily (CTaaus 00y4eHHs), a 3aTeM HOBTOPUTH TPASKTOPHUIO
cmemenus LIJ] mo mamsru, 6e3 onopbl Ha SKpaHHOE M300paKeHHsT TOYEK
Tpacktopun (ctamus aHanu3a). Craaumm OOy4YeHHS M aHaJM3a MOTYT
BKJIFOYAaTh HECKOJIBKO TMPOXO0JIOB (TMOBTOpEHWH), B 3aBUCHUMOCTH OT
MOCTABJICHHOM pa3BHUBAOIICH WM PeaOMINTAIIMOHHON 3a1aun. B 6a3oBoM
BapHaHTe IMPOTPAMMHOTO OOECIICUCHHS, PEANN3yIOmer0 3Ty METOIHKY,
3aJI0’)K€HO HECKOJIBKO BAPHAHTOB TPACKTOPHIH JUTA TPOXOXKAECHHS B IIPOIIEcCe
npoOel. Kpome 3TOro mporpaMMHO TIpeIyCMOTpEHa BO3MOXHOCTB
HACTPONKH TPACKTOPUH B COOTBETCTBHH C YCIOBHSIMH MONb30BaTens [1].

Pe3ynpTaTel TpOBEINEHHOTO HCCIENOBAaHMSA OTOOPAKAIOTCS B BHIC
nuarpamMm, TaOnuibl U rpadukoB (puc.3,4,5). Ilocie mpoBeaeHus TecTa
OTKpBIBAETCS OKHO pe3ynbTaToB (puc.3). B HeM mpuBoASTCS aUarpamMmbl
MIPOXOXKICHHS 110 TPACKTOPHH JUIS 3TAloB OOy4eHHs M aHann3a u Tabnnia
nokazarenei. [lmarpaMMa mpezacrtaBiser coOoi oToOpaxeHme ¢GuUryp Ha
IUIOCKOCTH OIOPHBL: LIENEBOM, 3Tama oOyueHUs U 3Tana aHanu3a. Eciau Ha
JTarne aHaiIn3a ObUIO HECKOJIBKO MPOXOJIOB, TO MOKHO OTOOPa3UTh QUTYDPY
JUId KaXJ0ro W3 HHUX. B Tabnuie mnokasaTteneld 1Mo CTpoKaM — TOYKH
TPaeKTOPUH, IO CTOIOLAM — 3Tal O0yUYeHHS U MPOXOIbI Ha ATalle aHaJIu3a.
HwkHsst cTpoka — mokaszarenu GUrypbl, IpaBblii cToi0el — yCpeTHEeHHbIE
nMaHHbBIe (ycpenHeHHas (urypa) mo BCeM MpOXoJaM Ha JTale aHaInu3a.
[lpaBas HWXKHSS TpymHma IOKa3zaTenell — yCpeAHEHHBIE MaHHBIE II0
yCpenHeHHOH (urype.
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Pucynok 4 — OkHO pe3ynpTaToB aHanu3a. IlepBas crpanuia rpadukos

171



MenutuHCKIe HHPOPMAIIMOHHBIC CUCTEMBI

Ha pucynkax 4 u 5 mokaszansl rpaduKH pe3yJbTaTOB aHamu3a. B aTux

OKHAX TIOKA3BIBAIOTCS TpadUKH JIJIS:

— Cwmemienus ¢purypsi mo GpoHTaIH;

— CwMenieHus GUTypsI IO CarUTTANIM;

—  JIiHaMUKU OTKJIOHEHHI 10 GPOHTAIIH;

— JIuHAMUKU OTKJIOHCHHH 110 CaruTTalIH;

—  JlMHAMUKU pacCTOSHUIA,

— OrtkioHeHus o GpoHTaNy;

—  OTKIIOHEHHS 10 CaruTTallH;

—  JnuTensHOCTH MPOXOI0B;

— Ilmomanau ¢uryp moa TpaeKToOpHeii;

—  CkopocTH MpoxokIeHust Guryp.
Otu rpaduKu conepIKaT OTCUETHI JIJISI ATAIIOB 00YUCHHS B BCEX MPOXOI0B Ha
JTarne aHaau3a.

Levwen re romerosem Lewpoews  eies TG DO are e Awna orvens | Anee craberaee

o s e § A Crwvs mrme w gy

] Tpouos. Npooag 3 woog )| Ohveaew Mponce | Myoocy 3 Moo 3

R S—0 CANTTMN ¥ e e ]

TR Soi i 1w Oliysemm mo X

R " Y P e v v — P | Mwooce 1 Mpoacg 3

PucyHnok 5 — OxHo pe3yibraToB aHanu3a. Bropas crpanuna rpadukos

AHamM3Upys TOJMyYEHHbIE PE3YJIbTAaThl, MOKHO JIEJaTh BBIBOIBI O
pesynbrarax uccaenoBanus [2].
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CymiecTByeT BapuaHT cTaOujorpaduueckuii BapuaHT peallu3aliu
JAHHOH METOJUKH, pEaTu3yeMblii B YCIOBUSIX CTOd U pY4YHOH C
WCTIONIb30BAHUEM CHIIOBOH IIaT(HOPMEL.

PesyabTaTsl

Anpobanusi crabminorpadMuecKoro TeCT-TpeHWHra OblIa MpoBeIeHa
npu  WHQOPMHPOBAaHHOM  ydacTuu 15  ywamuxcs  18-22  7er,
npodeccoHaIbHO HE 3aHuUMaromuxcs crnoptoMm. llepen Hawamom
OCHOBHOTO 3KCHEPHUMEHTa Y BCeX OOCIENOBAaHHBIX PETUCTPUPOBAIU
CaruTTAITBHYIO U (PPOHTANBHYIO CTAOMIIOTPAMMBI IIPH CTIOKOHHOM CTOSTHUH
C OTKpPBITBIMH W 3aKpBITBIMH TJla3aMH M (UKCHPOBAIN TapaMeTphl
npon3BosibHOTO nepemerntienust L1J] mo 3purensHoMy o6pasiry. [locie gero ¢
KaXJIBIM M3 HUX TPOBOJIWIOCH 5-7 ceaHCOB craOMiorpapuyeckoro Tect-
TPEeHUHTa IS ONTUMH3ALNH TPOU3BOJIBHON perymsuuu cmenienust L[J1.
MHTepBanbl MeX Iy ceaHcaMu BapbupoBain oT 1 10 3 gueld. [1o 3aBeprieHnto
TeCT-TpEHUHra o0cleqyeMbIM TIpejylaragach IIyTeM [pPOHM3BOJIEHOTO
cmemenust 1/ mpoBecT mapkep MO HOBOW, HE3HAKOMOW TpPAaEKTOPUH.
Pe3ynbpTaThl MAIOTHBIX MCCIENOBAHUN ITTOKA3alH, YTO ITOCIE HMPOBEICHUS
cTabmorpadgu4eckoro TecT-TpeHHHTa Mpom3BosibHOE cMemeHne LIJ] mo
HE3HAKOMOH 3a/laHHOW TpaeKTOpuHu JBWXKeHHs y 83% oOciemxyeMbx
COBMAJAJI0O C TPAECKTOPHUEH, NPEAJIOKEHHOM 3PUTEIBHBIM MapKepoM, a
wromans, omnucekiBaemas LIJ[ obGciaenyemoro ¢urypsl mo mamATH,
JIOCTOBEPHO HE OTIMYalach OT IUIoIaau, ouepueHHou ero L[J] Bo Bpems
JBIDKEHHUS 110 TPAeKTOPHU 10 3pUTENILHOMY 00pasily.
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Cekuyusa 3. AKycmuueckue Memoovt u npudoOpPvl 8 MEOUKO-
Ouono2uueckoil npaKmuke

HUCCIEJOBAHUE JE®@OPMALIUU [TPODUJIA
AKYCTHUUYECKOM BOJIHbI B BUOJIOT MUYECKHX TKAHSIX
METOJAMU I’ PAOUYECKOI'O AHAJIU3A
Bapenuxosa A.10., Yepros H.H.

IO>HBI GenepaibHBII YHUBEPCUTET
e-mail: nnchernov@sfedu.ru

Annortarmsa.  McchnemoBaHbl  MeTOABI  rpadUyeckoro  aHanmsa,
MpUMEHsSIEMbIE Il U3yUEHUs BIUSHUSA BKJIaJa HEJIMHEWHBIX TapaMeTpoOB B
nedopmanrio Ipoduist akycTHIeckod BOHBL. OmnucaHbl BO3MOXXHOCTU H
I'paHUILIbl IPUMEHEHUS IAHHOTO BH/Ia aHAJIM3A.

[lpuBeneHsl pe3ynbTaThl MOIECIUPOBAHUS HCKAKCHHH MPOGUIIL
YIIBTPa3BYKOBOU BOJHBI, BHOCUMBIX HEJTMHEHHBIM MTapaMETPOM, C IIOMOIIIBIO
rpaduueckoro  crokeHus ~— (QYHKIMHA ~ MCXOJAHOTO  CHTHajga W
COOTBETCTBYIOIIEH MPSAMOIL, ONMMCHIBAIOIIEH HETMHEHHBIE HCKAXKEHUSL.

Taxxe TmOKa3aHbl pPE3yJbTaTbl MOAETUPOBAHUSA, IOJYyUYEHHBIE
METOJIOM, OCHOBaHHBIM Ha TMPUMEHEHUH KPUTUYECKOM CKOpPOCTH
aKyCTHYECKOI'0 BO3MYIIICHUS.

[Moctpoens! nehopMUPOBAHHBIC TPOQPIIN AKYCTHYSCKOW BOJHBI C
MOMOIIBI0 METOJAa XapaKTepPHCTUK UL CPel, C Pa3IU4YHBIM 3HAUCHUEM
HEJTMHEWHOT O NapamMerpa.

Bce mocTpoeHusI BBIIOTHEHBI ISl TPOCTOW (PUMAaHOBOW) BOJIHEL,
HCCIIeI0BAIOCH BIMAHUE BKJIa1a KBaIpaTHYHOTO HETMHEWHOTO MapaMeTpa €
Ha nedopmanuio npoduis. Pe3ynapraTel MccIenoBaHUsS, MPHUBEICHHBIC B
JAHHOW CTaThe, OTPAXKAIT JAeOpMalUi0 TNPOQHIL, BOZHHKAIOUIYIO
BCJIEJICTBHE BIIMSHUS BTOPOM rapMOHUKH UCXOJHOTO CUTHAJIA.

KuroueBbie ciioBa: aedopmanus npodums, HEIMHSHHBIN TapaMeTp,
rpadu4ecKuii aHaIN3, KPUTHIECKAsk CKOPOCTh aKyCTUIECKOTO BO3MYIIICHHS,
METOJ] XapaKTEPUCTHK

STUDY OF STRAIN PROFILE ACOUSTIC WAVES IN
BIOLOGICAL TISSUES METHODS GRAPHICAL ANALYSIS
Varenikova A.J., Chernov N.N.

Southern Federal University
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e-mail: nnchernov@sfedu.ru

Annotation. Methods of graphical analysis used to study the effect of
the contribution of the nonlinear parameters in the deformation profile of the
acoustic wave. Describes the possibilities and limits of applying this type of
analysis.

The results of modeling the distortion of the profile of the ultrasonic
wave, insertion of a nonlinear parameter, using the graphical addition of the
functions of the original signal and the corresponding direct describing
nonlinear distortion.

Also shown are the simulation results obtained by the method based
on the use of critical velocity of acoustic disturbance.

Built deformed profiles of the acoustic wave using the method of
characteristics for environments with different value of the nonlinearity
parameter.

All construction is made for simple (Riemann) waves; the influence of
the contribution of the quadratic nonlinearity parameter ¢ on the strain
profile. The results of the study presented in this article reflect the strain
profile resulting from impact of the second harmonic of the original signal.

Key words: profile deformation, nonlinear parameter, graphical
analysis, critical speed of the acoustic perturbations, the method of
characteristics

VYnprpa3BykoBeie  (VY3) MeTONBl  BU3ya HW3alMHd  TO3BOJISIOT
OTIPE/ICTINTh PA3IMYHbIC XapaKTEPUCTHKH OWOTKaHW: €€ CTIPYKTYypY,
(YHKIIMOHAJIBHOE COCTOSHHE.

[To momyuenHo# MH(OOPMAINU MOXKHO CYIUTH O HOPMAJIGHOM HIIH
MaTOJIOTHYECKOM COCTOSIHUM HCCIIEyeMOro 00beKTa, STH JTaHHBIE MOYKHO
HCIOJI30BATh KAK JJIS1 yTOUHCHHS TUArHO3a, TaK U TSI KOHTPOJIS COCTOSHHS
6onpHOr0o B mpouecce JedeHuss. CyIIeCTBEHHBIM  HEJOCTaTKOM
MPUMEHSIEMBIX B HACTOSIIee BpeMs Y3 METONOB BH3yalU3allvH,
OCHOBaHHEIX B OOJBIIMHCTBE CIy4aeB Ha NPUONIDKEHUHM JUHEWHON
aKyCTHKH, SBISIOTCA UX CIa0ble pa3pemaronmas ClioCOOHOCTh U KOHTPACT:
MaTOJIOTHYECKHE M3MEHEHUS C1a00 CKa3bIBAIOTCS HA M3MEHEHUH JIMHEHHBIX
XapaKTEePUCTHK aKyCTHYECKOTO CHTHAJIA.

IToBbimenne 3pdexTuBHOCTH Y3 METOJOB BH3yalU3allUd MOMKET
OBITh JOCTHUTHYTO 3a CYET HMCCIEIOBAaHMA TaPMOHHK OCHOBHON YacTOTHI
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IIOCJIE  B3aUMOJEHCTBHSA C  OHOJIOTHYECKMMH  TKaHIMH. Torma
BU/ICON300paKEHNE cpe3a TKAaHH MOXET OBITh IIOCTPOGHO 3a CUeT
u3MepeHus ko3dduimenTa HeMMHEHHOCTH, KOTOPBINA JaeT CYIICCTBEHHYIO
JUATHOCTUYECKYI0 HH()OPMAIMI0 O COCTOSHUH BHYTPEHHHX CTPYKTYD
uccieayeMoro oobekra [1].

HccnenoBanue  pacnpoCTpaHEHHUs  aKyCTUYECKUX  CHUTHAJIOB,
M0KAa3aJI0, YTO YIPYTHe BOIHBI PACIIPOCTPAHIIOTCS HEIWHEHHO, BCICICTBHE
BIMSIHUS, KOTOpPOE OKa3blBaeT cpela. B mpormecce B3auMOICHCTBHS C
BEIIECTBOM VIIFTPa3BYKOBOW CHTHAN BO30YKIAaeT B HEM COOCTBEHHBIC
KoJeOaHus, I KOTOPHIX XapaKTepHA COBOKYIMHOCTh YacTOT, KPATHBIX
OCHOBHOW HacToTe, NMPHUHATOH OT JaTdmka. Bropas rapmonmka oOmamaer
9acTOTO# B 2 pa3a OoJbIlel, 4eM OCHOBHAsI, a TPEThS TapMOHUKA — B 3 pa3a
Oompmredi. Perucrpanust curHanta Ha YABOCHHBIX, YTPOEHHBIX YacTOTax
MOBBIIIAET Pa3PEIIAOIIYIO CIIOCOOHOCTH B 2 U 3 pa3a COOTBETCTBEHHO, YTO
MPUBOAUT K YBEIUYCHUIO WH(GOPMATHUBHOCTH METOAOB YIBTPa3BYKOBOMH
Bu3yanuzanuu. Kaxpas mocienyromas TapMOHHKa HMEET Topaslo
MEHBIITYIO aMILTUTYAY KOJIeOaHui, 1eM OCHOBHAs, HO COBPEMECHHAS TEXHUKA
MO3BOJISIET BBIICIHUTD WX, YCWINTh W TOJIYYHTh W3 HUX TUATHOCTHIECKU
3HAUMMyl0 HHpOpManuio B BuAe u300paxkeHus. [IpemmymectBo
N300pakeHHs, TOCTPOEHHOT0 Ha OCHOBE BBHICIINX TapMOHHK, 110 CPaBHEHHIO
C KJIACCHYECKUM H300paXKEHHEM — OTCYTCTBHE OOJIBIIOTO KOJIHYECTBA
apTeakToB, KOTOPbIE BO3HUKAIOT MPU MPOXOKACHUU CUTHANA IO IIyTH OT
JaTYUKa JI0 UCCIETYyeMOro OOBEKTA.

Cursan ¢ rapMOHMYECKMMH COCTaBJISIOLIMMHU MPEOJOJIEBAET IMyTh
TONBKO M3 TIyOWHBI TKAaHW, TAC OH BO3HHUK, A0 gardynka. OCOOEHHO 3TO
OYEBHJHO, KOrJa HW300pakeHHe CTPOUTCS HCKIIOYMTENIFHO Ha OCHOBE
BTOPOTO TapMOHHKH OCHOBHOTO CHTHajla, 0€3 HCIIOJIb30BaHUS IIePBOii
TapMOHUKH.

Bce BwimeusnoxxeHHoe TpeOyeT Oosiee JETaNbHOTO HW3YyYCHHUS
MPOIIECCOB  B3aMMOJEHCTBUS  YJIbTPA3BYKOBBIX BOJH B OHOTKAHSAX,
BO3HHUKAIOMIMX BCIEACTBHEC BKJIAJ0OB HEIMHEHHBIX IMapaMeTpoB, UTO
oTpaxxaeTcs B AeopMaIiy MpodmIsi aKkyCTHIeCKOro CUTHANA.

OCHOBHBIMH YPaBHCHUSIMH KIIACCHUCCKOW aKyCTUKU SIBIISTIOTCS
ypaBHeHHs Ditnepa:

% + (vv)v] = —Vp —ypaBHEeHUE ABUKEHUS,

6_¢ + divpv = 0 — ypaBHeHHe HeNPEPbIBHOCTH,
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p = p(p) —ypaBHEHHE COCTOSHHUSI,
He npenebperas HenMHEHHBPIMI WIEHAMH W UCKITIOYNB U3 ypaBHEHUH
nepeMeHHbIe p’ P°, MOIyYUM ypaBHEHHE JIJIsl MTHOBEHHO# ckopocTa V [10]
2
Y BTV = L,(0) + LWL+, (1)
rne — L,(v?) — xBajgpaTuuHble HenmuHeiinble unensl, Ls(v3) —
KyOW4eCcKHe HEIMHEHHEIC WICHBI.

B sBHOM BHze L, (v?)

L,(v*) = —[v* + (f dx) xt 2
Byaem cumratp, 9TO HeJII/IHeI/IHLIe YIIEHBl Majlbl 110 CPAaBHEHUIO C
JMHEWHBIMH, Torjga BhipaxkeHue (1) pemmM ¢ [TOMOIIBI METOIA
MOCJICIOBATEIBHBIX PUOIMKCHUI:
v=v® 1L p@ 4L G 4 ...
I'panmunsie ycmoBus 3amaauM B Bune X=0, v = vySinwt, pemeHue
ypaBHEHUs B IEPBOM MPUOIMKEHUHU MTOTYYUM KaK

vD = yysinw(t — Cﬁ) )
0

YpaBHeHHE BO BTOPOM HPUOTMKEHUH TOIYy4aeM, IOJCTABUB
BbIpakeHue (3) B mpaByro yacTh ypaBHeHuUs (1)

2 2
ZTZ —c? % = Ly[vésin?w(t — x/c)] + Ly[vdsindw(t —
x/c)]+... 4

AHanmu3upys TONy4YeHHOe ypaBHeHHE (4), BHIUM, BO BTOPOM
OpUONMKCHUN KBaJpaTHYHas HeNMHHEHHOCTh L, MokeT mnpuBecTH K
HOSIBJIICHUIO BOJHBI C 4acTOTOM 2@, 4TO MO CBOEH CyTH €CTh IeHepalus
BTOPOM TapMOHHMKH HCXOJHOIO CHIHala, a TaKXe BOJIHBI @ — =0 —
HOCTOSIHHOM COCTaBIISIIOIIEH.

KyOuunast HenuHeiiHOCTH L3 NpHBOAMT K TeHepaluH TpeThei
TapMOHHKH: O+O+0=3®, ®+® — ©= ® — HelWHelHas N00aBKa K BOJHE
OCHOBHOM YacTOTHl. AHAJIOTHYHO MPOUCXOOUT TEHEepaIisl YeTBEPTOH U
BBIIIC TAPMOHHK BCIICACTBHE BIUSHHS HENIWHEHHOCTEH OoJiee BBICOKOTO
HopsiAKa.

Jlanee NpeAnoyoKuUM, UYTO BCE HEIMHEHMHOCTH BBIIIE TPETHETO
MOpsIIKa PaBHBI HYJIO, TO €CTh OTPAaHWYMMCSA TOJBKO KBaJPATUYHOMN
HEJNHMHEHHOCTBIO U uccieayeM e€ BausiHue. CornacHo TEOPUH BO3MYLICHUN
BO BTOPOM IOPSIIKE MBI TOJIy4aeM BOJHBI 20=0+w®, 0=0 — ®, B TpeTbeM
MOpsJIKE — BOJHBI 20+®0=30, 20 — ®=®, TO €CTh TPETHIO TAPMOHHUKY H

178



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

HEJWHEHHYI0 T00aBKy K OCHOBHOH BOJIHE, & TAKXKE YBUIUM, YTO MPOUCXOJISAT
npouecchl 2o0+t20=4m, 20 — 20=0, 0+20=20.

JlaHHbIe pacCyKIEHUs TPUBOIAT K BBIBOAY, YTO B pe3yibTare
JNEHCTBUS JIMIb KBaJApPaTHYHONW HEITWHEHHOCTH BHOCUTCS BKJIAJ B BOJHY
OCHOBHOM 4aCTOTBbI, IPUBO/IS K MOSIBJICHUIO BOJIH ¢ yacToTamu 0, 20, 30, 40
u BoIe[3].

B momo6HO# mocTaHOBKE 3a/1aua HE UMEET pelleHus, 0ojiee TOro He
MIPEICTaBISAETCS BO3MOKHBIM ONPECINUTh SBHBIM BUJ BRIPAKESHUMN IS BCEX
Ln.

[losToMy B HameM ciydae OyIeM OTPaHHYIMBATHCS IIPOLIECCAMH
TeHepalMi BTOPOH TapMOHWKH MJS W3YyYeHUS nedopManuu MpoduiIs
aKyCTUYECKON BOJTHEI.

OaHuM U3 CHoco0OB  MOJOOHOTO  HMCCACIOBAHUSA  SIBISETCS
rpauueckuii aHalM3, KOTOPBIA pPAacCMOTPUM Ha TpUMEpe MPOCTOH
(puMaHOBOI1) BOJIHBI, KOTOPAast OMMCHIBACTCS ypaBHEHUEM

ou g Jdu
prialeir 1)

Pemenue maHHOrO ypaBHEHMs NMPU HUCXOMHBIX MaHHBIX X = 0, v =

VoSinwt

u . & . u
— = sin(wt + 5 wux) = sin(wt + z—) 2)
Uo Co Uo
&
z = (C—z)wuox — pacCTOSHHWE B CIUHHIIAX JUIMH O0O0pa30BaHUs
0
paspbiBa.
Jedopmaruto nmpodumst 6yaeM OMUChIBaTh BEIPAKEHUEM
. u u
wT = arcsin——z— 3)
Uo Uo

KpuBy1o, cOOTBETCTBYIONIYIO HEIMHEHHO-UCKAKEHHOMY MPOQUITIO,
[OJIyYMM Ha KOOPAUHATHOM INTOCKOCTH (U/Ug, ®T) rpadMUECKHM CI0KEHHEM

o o o 3 o
HUCXOOHOU KPUBOU U NPAMOU — (C_z) Ux, HAKJIOH KOTOpOU BO3pacTacT C
0

yBenuueHueM X[4].
ITocTpoeHue BBINOIHUM ClEIYIONMM 00pa3oM. Brone ocn abcumce
OyJeM OTKJIaJbIBaTh 3HAUCHUs U/Uo, @ BIOJIb OCH OPANHAT — 3HAUCHUS OT.
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4

-1
u/uo

-05 0

0.5 1

Pucynok 1 — Jledopmanus npoduis, onrcanHas ¢popmydoi (3): a) rpadguk
arcsin u/uo, 6) rpaduk — (5) ux
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~ . u
Ha pucynke 1 mpencraBieHsl rpaguku GyHKIHHA WT = arcsin_— u
0

& > -~
- (C_Z) UX IpU CICAYOIUX HAYaAJIbHBIX JJaHHBIX: HCIMHCWHBIN NTapaMeETp € =
0

3, pabouas yactota 4 MI'n. J[lebopmupoBanHbie NMPOGUIM TOIYYIUM C
TTOMOIIIBIO CIIOKEHUS TpaUKOB.

0.5 1

—41

T

Pucynok 2 — I'paduueckoe cioxeHne

Ha pucynke 2, 4To 00MacTu CKaTusi U Pa3pekKeHUS] aKyCTHYECKOU
BOJIHBI HCK2)KAIOTCS TO-Pa3sHOMY, OOJACTh paspexeHus aehopMupyeTcs
cunbHee. [5].

U3 3T0r0 MBI MOXEM ClieaTh BBIBOJ, YTO HA PACIPOCTPAHEHUE BOJIHBI
OKa3bIBaeT BJIMSHUE HEIMHEHHBINA MapaMeTp Cpellbl, a TaKKe HeJMHEHHbIe
HUCKKEHHUSI HOCAT HaKaIlUIMBAIOIIMICA XapakTep: pacTyT C YBEJIMYCHHEM
MIPOMICHHOTO BOJIHOM PACCTOSIHHUSI.
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Btopoii crmoco6 rpaduueckoro aHaimza TPOPHIST aKyCTUYECKOU
BOJIHBI OCHOBaH Ha MPUMEHEHWH KPUTUYECKOH CKOPOCTH aKyCTHYECKOTO
BO3MYIICHHS. B mMaHHOM ciy4ae TNpHMEM CKOPOCTh PacIpOCTpaHCHHS

N . +1 .
aKycTHuYecKol BoJHbI paBHOU U = ¢y + VT * U, a CKOPOCTb, IPX KOTOpPO

2c
BO3MYIICHHE HE OYIET pacCIpOCTPAHATECS Vi, IPUMEM PABHBIM Vgp = — ]TO1
U
tl t2 t3 t4 t1 t2 t3 t4
0 X
Uxkp

Pucynox 3 — I'paduueckuii ananms, OCHOBaHHBIH Ha (paKTe CYIIECTBOBAHMUS
KpUTHYECKOU cKOpocTH. [IOBOPOT NpsAMBIX C TEUEHUEM BPEMEHU

JIuneitnplii xapaktep 3aBucuMoctn U(V) mpuBemer K TOMYy, 4TO
BCsIKas MpsiMasi, n300pakeHHast Ha PUCYHKE 3 OCTaHEeTCs MPSMOiL, IPH 3TOM
MOBEPHYTOM Ha OMPENENEHHBIN Yrojl BOKPYr MEpEecedYeHusi C JIMHHUEH
NPUBE/ICHUS, TIOCTPOSHHON HCXOJI M3 YCIOBUS VU = Vyp,. OTO MO3BOJIMT
NPOCIIEANTD 38 U3MEHEHHEM (HOopMBI IPOGHIIS BOIHEI [6].

Ha 3amanHom mpoduiie BeIOEpeM HEOOXOIUMOE HaM YHUCIIO TOYECK U
MOCTPOUM KacaTeJbHBIE OT HUX JI0 NepecedeHHs C JMHUEH NpPUBEICHHUS.
Bri6op amst moctpoeHust podrirs KacaTesbHBIX OCHOBAaH TEM, YTO OHH He
TOJIBKO TIO3BOJISIT ONPEACIUTH IOJIOKEHHE BHIOPAHHBIX TOYEK, HO H
JIOKAJIBHYIO (POpMY UCKa)KEHHOU KPUBOH.
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02 01 03

Pucynok 4 — M3meHeHue opMbl BOJIHBI, HCCIIEIOBAHHOE C TIOMOIIBIO
KacaTeJIbHBIX

Ha pucynke 4 momydeH npo¢ib aKyCTHYECKOW BOJHBI B MOMEHT
BpeMeHU t=1. 3HaueHue KPUTUUECKOI CKOPOCTH B JAHHOM CIIy4ae paBHO —
5. Jlns moctpoeHus BbIOEpeM TpH XapaKTEpHBIE IS CHHYCOHJBI TOYKH:
TOYKH TiepecedcHus rpaduka ¢ ockto abdcmuce. Mckomyro Gopmy mpodus
JUIsI MOMEHTA BpeMEHH 1=t1 OIpeessatoT HOBbIE KacaTeNbHbIE, TOCTPOCHHBIE
C TIOMOIb TOYEK IMEPeCceUeHMs] KacaTeNbHBIX M IMPsIMOM, OTOOpaskaromiei
3HaYCHHE KPUTUIECKOH CKOPOCTH Ha rpaduke.

Kpome  BbllENpUBENEHHBIX,  CYLIECTBYET  TaKXKE  METOX
XapaKTEePUCTHK, KOTOPBIA HaIlIe IUPOKOE NPUMEHEHHE B THAPOIUHAMUKE
[7]. lIpumem HauanbHBIE YCIOBHS U3 BBIPAXKEHUS

. x &M
v = vgsinw(t + o 1+8M) (6)

ot
BrruncnuM mpou3BOIHYIO 55 A (bMKCHpOBAaHHOM 3HAYCHUH V,

MTOJTYIHM
a 1 &M
3, -~ g
0x/y Co 1+eM
[NepenumieM BeipaxkeHue (6) B CIEAYIONIEM BUIE
=1y — 2N (8)
-0 Co 1+eM

®opmyna (8) 3a1aeT ceMeMcTBO MPSMBIX B CHCTEME KOOPAUHAT X, T,
HAKJIOH KOTOPBIX 3aBUCHUT OT 3HAYCHHUS HadalIbHOH ckopocTH. [loy4yeHHbIe
OpsSIMBIE H  SBIISIIOTCS  XapaKTEPHCTUKAMH, TPEICTABIMIONIIMHA COOOM
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TPAaEeKTOPHH JBIKSHHUS BO3MYILICHHH CKOPOCTH B KOOPIUHATHOI IIIOCKOCTH
X, T.

Pucynok 5 — I'padmaeckuii aHann3 HEMMHEHHBIX HCKKEHUH 10 METOLY
XapaKTePUCTHK: a) HCKAXEHHE TPOQIIIS BOJTHEI IPH £=3, 0) NCKaKEHHE
npoduItst npu £=6,3
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Ha pucynke 5 mnpencraBieHO CeMEMCTBO XapaKTEPUCTHK st
HAYaJIbHOTO MPOQHMIIS V = VySINWT, a Takke 1ehOpMHUPOBAHHBIE TTPOGIITH
IIPU pa3IUYHOM 3HAYEHUU HENMHENHOro napaMerpa. Bunum, uro npu £=6,3
UCKaKeHHe TpoQwmiisi Oojiee BHIPAKEHO, W BOJHA INPHOOpETaeT IOYTH
nmooOpasHyto ¢GopMmy. B ciywae jxe nuHEHHOTO TPHONMKEHUS BCe
CEeMEHCTBO XapaKTepUCTHK OyIeT SBIATHCS MPAMBIMHE, MapauIeIbHBIMU
Ipyr Ipyry W ocu abcuucc, 4TO HE OTPasUT M3MEHEHUs NpoQuist
aKyCTHUYECKOH BosHbI [8,9].

Bce Tpn ommcaHHBIX BBIIIE METOAA SBISIOTCA HHCTPYMEHTaMH
rpaMUecKoro aHaIn3a, KOTOPBIN OMUCHIBAET IIOBEICHNE TIPOCTOI BOJIHBI C
MOMOIIBIO  TpapuYecKnX TMOCTPOCHHH, ONMHUPAIONIMXCS HA TOYHBIE
BBIPaKEHUSI.

Hawubosee mpruemiieMbIM JUIsl HAIINX UCCIIEJOBAHHUHN SIBIISETCS TIEPBBIH
METOJ, TaKk Kak B OTJIMYME OT IBYX JAPYIHX OIMCAHHBIX CIIOCOOOB
MIOCTPOEHHUS], NIPOBOJMMBIE B paMKaxX 3TOTO METOJa, B OOJblIel CTeNeHH
3aBUCST OT 3HAYEHUS HENMHEWHOTO MapaMeTpa UCCIEeoyeMO Cpeabl.

I'paduaecknit ananm3 maet mpeacTaBiIeHus UMb 0 popMe CUTHajA,
MIPOLIEIIET0 Yepe3 HEeNMHEHHYI0 Cpedy, HO He IO3BOJIIET IPOBOAUTH
JanpHeWIIne IpeoOpa3oBaHMs, TpelHa3Ha4eHHBIE I  ITOCTPOCHUS
TOMOTpapUueCcKOil KapTHHEI.

Tem He MeHee, NaHHBIM BHI HCCIEIOBaHUS AaeT MH(OpMALUIO, HA
OCHOBE KOTOPOH MBI MOYKEM CYAUTb O HAJMYUM BIUSHUSA HETUHEHHOTO
napameTpa cpeJbl Ha paclpoCTpaHEeHHE aKyCTUYECKON BOJIHBI B U3y4aeMOM
00BeKTe.
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K BOITPOCY O IIOCTPOEHMU CXEM BU3YAJIN3ALIUN
TOMOI'PAMM HA OCHOBE HEJIMHEMHOM AKYCTUKHA
Bapenuxosa A.FO., Jlacyma M.B., Yepnos H.H.

HOxHBI# penepabHBIl yHUBEPCUTET
e-mail: nnchernov@sfedu.ru

AnHoOTaiust. PaccMOTpeHbI OCHOBHBIE METOJbl BOCCTAHOBJICHHS
pacrmpesenieHus] HeluHeiHoro mapamerpa. [IpencraBieHbl MPUHLIUIIBI
MIOCTPOEHHS CXEM C MCIIOIb30BaHNEM B3PHIBHOTO NCTOYHNKA, BOJTH HAKAYKH
M Meroja KOHEYHBIX aMIunTyA. IlpoBeneH aHamm3 COBPEMEHHBIX
pa3paboTok B obiacTu aKycTHaeckoi Tomorpadun. [lpuBeneHs! pa3indHbe
cxeMbl mpoToTHrioB 2D TomorpadoB, HCHOIB3YIOIIUX METOJ KOHEYHBIX
amMIuIuTy]. PaccMOTpeHBI OTIIHYNTENbHBIE 0COOEHHOCTH X KOHCTPYKIIHH C
UCIIOJIb30BAHUEM HECKOJIbKUX H3JIyYalolIuX IMpeoOpa3oBaTelnieil, a Takke
cXeMa C COBMEIICHHBIM MPHEMHHKOM W H3JIydYaTeleM H YCTPOWCTBOM
obpamenus BonHOBOTO ¢poHTa. IIpeacraBmena cxema 3D Ttomorpada,
MMeronIas O0NbIIOe KOTHIECTBO HCTOYHIKOB M IPHEMHHUKOB, TTO3BOJISIOIIAS
MOJTYYUTh  INECTh  TNPOEKIMH  HM300paXeHHs ¢  TMOCIEAYIOIINM
npeoOpa3oBaHueM B 00BeMHOE u300paxeHne. OCHOBHOW MPOoOJieMOi
NPEACTaBICHHBIX MOJENe  YIBTPa3ByKOBBIX TOMOTpadoB  SBISAETCS
HEBO3MOXXHOCTH TIPOBENICHHS HCCIIEIOBAHNI TaKUX YacTel Tela 4JelloBeKa,
Kak OpIoIIHAas MOJIOCTh U TPY/HAs KIIETKa.

KimroueBble crmoBa: aKkycTHUeCcKMid Tomorpad), BH3yanu3alus,
HEJIMHEHHBII apaMeTp.

THE ISSUE OF CONSTRUCTION SCHEMES BASED IMAGING
TOMOGRAMS NONLINEAR ACOUSTICS
Varenikova A.J., Laguta M.V., Chernov N.N.

Southern Federal University
e-mail: nnchernov@sfedu.ru

Annotation. The basic techniques of reconstruction of the distribution
of the nonlinearity parameter. The principles of construction of schemes of
an explosive with a source of pump waves and finite amplitude. The analysis
of the current developments in the field of acoustic tomography. Given the
various schemes of prototypes of 2D tomography using the method of finite
amplitudes. Considered the distinctive features of their design using multiple
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radiating transducers, as well as the scheme with a combined receiver and
transmitter and device treatment wavefront. The scheme of 3D imaging,
having a large number of sources and receivers, allowing to receive the six
projections of the image with subsequent conversion to three-dimensional
image. The main problem of the presented models of ultrasound scanners is
the impossibility of conducting research of such human body parts like
abdomen and chest.
Keywords: acoustic imaging, visualization, non-linear parameter

VYIIbTpa3ByKOBBIE  METOABl  HMHTPOCKONHMM  HAIUIM  LIMPOKOE
IpUMEHEeHHe B  O00ONacTW  BH3yalM3alWd  BHYTPEHHHX  CTPYKTYp
OMONOTHYECKUX OOBEKTOB, TaK KakK SBISIOTCA Oojee IOCTYNHBIMH H
0e30macHBIMH IO CPaBHEHWIO C PEHTIEHOM W MarHUTHO-PE30HAaHCHOM
Tomorpadueii [1].

VYIIbTpa3ByKOBbIE METOIBl TOJNYYCHHS H300pakeHHs BHYTPEHHUX
CTPYKTYp MOXKHO TIOJApAa3JeNUTh Ha NPOEKIHUOHHBIE, O0O00OIIECHHBIC
MIPOEKINOHHBIE U TOMOTpadudeckue [2].

[IpoexnmoHHOEe W300paKEHUE TMPEICTABISAET COOOM TMPOEKINIO
TPEXMEPHOI0 OOBEKTa Ha OINpeNeNIeHHYI0 MOBepXHOCTh. OO0O0OIEHHBIMU
MIPOCKINOHHBIME  SIBIISIFOTCS. M300paXK€HHs, B KOTOPHIX IOBEPXHOCTh
MIPOEKIINH OIHCHIBAETCS HE TOJIBKO MPOCTPAHCTBEHHBIMHU KOOPIMHATAMY, a,
KaKk MHUHUMYM, OIHa U3 KOOPIMHAT CBsI3aHa CO BPEMEHEM MJIM C 4acTOTOil
[3].

Tomorpadudeckoe n3o0pakeHne TpencTaBiIseT coboil MacmTabHOe
n300pakeHNe XapaKTepHCTHK (B HalleM CiIydae aKyCTHYeCKHX) B
OTIPEJIENICHHBIX CEUYCHUSX TPEXMEPHBIX 00BeKkToB. ToMmorpaduyeckne
N300pakKeHUsI MOTYT OBITh TIOJyYEeHbI IByMS CIIOCOOAMH: CKaHHPOBAaHHEM
(OKyCHPYIOIIMX WM HalpaBJIeHHBIX aKyCTHYEeCKHMX CHCTEM, a TaKkkKe H
PEKOHCTPYUPOBaHbl M3 HaOOpa MPOEKIIMOHHBIX H300pakeHud. OTcroma
MPOUCXOAUT pas3felNeHue ToMorpaduu Ha HEPEKOHCTPYKTHBHYIO U
PEKOHCTPYKTUBHYIO [2].

Jns mocTpoeHnsT TOMOTpaMMbl OMOJIOTHYECKIX TKaHEH MOTYT OBITh
WCTIONIb30BAHBI HENMHEWHBIE 3((EKTh, BO3HUKAIOMNE MPU MOXO0XKICHUU
gepes HUX YJIbTpa3ByKa. Msrkue OHOIIOTHUeCKHEe TKaHH SBIISFOTCS CIIOKHON
MHOTOMOZYJIBHOM CTPYKTYPOH, IOITOMY HEIUMHEHMHOE B3aUMOJACHCTBHE
aKyCTHYECKHX BOJIH CO CPEIOi TOCTaTOYHO BEIHKO [3].
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B HacTosimiee BpeMs Ui BOCCTaHOBICHUS — paclpelesieHHs
HEJINHEHHOro MapaMerpa CyIIECTBYEeT TEPMOAMHAMUYECKUNA U METOJA
KOHEUYHBIX aMIUIUTY].

TepMonuHaMMUYECKHM METOJ| 3aKJ0YaeTCsl B U3MEPEHHH CKOPOCTH
3ByKa KakK (yHKINH THAPOCTATHYECKOTO AaBICHUS 1 TEMIIEPATYPhI, a TAKIKE
TETUIONPOBOAHOCTH, IUIOTHOCTH W KOX(PHUIMEHTa TeMIepaTypHOTrO
pacumpenus [4].

CymiecTByeT ymydIIeHHBIH TEPMOIUHAMUUECKUNA METOJ], B KOTOPOM
U3MeEpsIeTCsl U3MEHEHUs] CKOPOCTU 3ByKa W3-3a M3MEHEHUS JABJICHUS IPU
annabatmyeckoMm mporecce. [lo cytn 3To Meron cpaBHEeHUS (a3 TPUHATHIX
CUTHAJIOB [4].

MeTol KOHEYHBIX AaMIUIUTYA OOBIYHO OCHOBaH Ha H3MEPEHHH
BEJIMYUHBl BTOPOH TapMOHUKM IpU  KOHTPOJHMPYEMOM Ipolecce
pacIpocTpaHeHUs! BOJIHBL. B 3TOM MeTone n3aMepsIoTcs ABE aMIUIUTYIbI —
MIEPBUYHOM BOJHBI 1 BTOPOW FApMOHMKH, OTCIO/Ia BBIBOIUTCS MOTJIOLICHUE
W HEJIMHEWHBIN mapameTp [4].

00630p, mpuBeneHHEI B padote O.B. Pynenko [5], mocBsmeHHBIH
MEAULUHCKUM MPUIIOKEHHUAM HEIMHEWHOW aKyCTUKU, TOBOPHUT O TOM, YTO
NoJydeHHe H300paKeHNs BHYTPEHHHX OPraHOB Ha OCHOBE BBICIIMX
TapMOHHK SBJSIeTCS Oojee YeTKHM, 110 CPaBHEHHWIO C IIOCTPOCHHEM Ha
OCHOBHOH 4acTOTe.

W3nauanpHO U1 ToMorpadHM ¢ MCHOJIb30BaHHEM paclpeesieHus
HETMHEHHOTO TMapaMeTpa MpeloNaraloch HCHONb30BaHUE METOJa
KOHEUHBIX aMIUIUTYJ COBMECTHO C QJITOPUTMaMU METOAA CTaHAApPTHOU
PEHTT€HOBCKOH KOMMIBIOTEpHOH ToMorpadun [4].

N3mepeHue HENMHEHHOTO IapaMerpa IPOBOJUTCS COBMECTHO C
METOZIOM 3aMEIEHUs] W OCHOBBIBACTCS Ha PErucTpalM CUTHaja Ha
YIIBOGHHOH YacTOTe WM KOMOWHAIMOHHOTO CHTHaJNa, W, TAKUM 00pazom,
MOJTydaeTcs  JJIEMEHTapHas  «IIPOeKIUA»  OOBEKTa,  CoJeprKalas
MH(OPMAIIHMIO O CpeJHEM 3HAUYCHUH HEJIMHEHHOIo mapameTpa BIOMb JIyda
pacrnpocTpaHeH!s aKyCTUYECKOM BOIHEI [4].

Mertox  cpaBHeHHs (a3 IpeACTaBIAeT  CcOOOM  TOMKIIAce
TEPMOJVHAMUYECKOTO MeToJa. B HEM NpOBOAUTCS H3MEPEHHE BPEMEHU
pacnpocTpaHeHusl TIPOOHOW  BBICOKOYACTOTHOW  BOJSHBI B TKaHSX,
BO3HHKAIOIIEH B pe3ysIbTaTe B3aUMOICHCTBHUS MPOOHOM BOIHBI C UMITYJIECOM
HAaKa4yKM, CO3/1aBaéMbIM B3pBIBHBIM HCTOYHHKOM. (Cxema 3Toro Meroja
Mpe/iCTaBlieHa Ha PUCYHKeE 1.
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ManyyaTens MpremHuk

Ay

MpoGHas BonHa

\

¢

B3pbIBHOW MCTOYHUK

Pucynok 1 — Cxema n3MepeHus: HETMHEHHOTO MapaMeTpa npu
B3aMMOJICHCTBUM cl1aboi MPOOHOH BOJHBI ¢ MOIIHBIM UMITYJIbCOM
HaKa4yKH, TOPOXKJIECHHBIM B3PBIBHBIM HCTOUYHUKOM

Eme omun BapmaHT cxeMbl TOMOTpadUH C UCIOIB30BaHIEM METOAA
H3MEPEHUS Pa3HOCTH (a3 OTIUIACTCS HATMIUEM COOCHO OPUEHTHPOBAHHBIX
c(hOKyCHPOBaHHBIX W3IyJaTeNeld BOJH HAaKaYKd W OCHOBHOH (TIPOOHOIN)
BOJIHBL. TpaekTopus 3THUX BOJIH SIBISETCS MPHONU3UTENBHO OJWHAKOBOH, B
pe3yabpTaTe 4ero HEOAHOPOJHOCTh IPOCTPAHCTBEHHOTO pAaCHpeleiICHUs
CKOpPOCTH 3ByKa IpPaKTHYECKH HE OYyIeT CKas3bIBaThCsl Ha OICHKE
HeJIuHeHoro napaMerpa [4]. Cxema MeToja peAcTaBieHa Ha pPUCYHKeE 2.

BornHa Hakauku

ManyyeHHas
1 NpuHsiTas WWA > 7
npobHas / >
BOIMHa /\/\/v\ &— ‘
=

BonHa Hakaudku

Pucynok 2 — Cxema n3MepeHus HeJITMHEHHOT0 TapaMeTpa, OCHOBaHHAsS Ha
B3aMMO/ICHCTBUU CIIa00H MTPOOHON BOJIHBI C MOIITHOW BOJHOW HaKauKH
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Ha pucynke 3 mpencraBieHa o01iasi cxema U3MepeHusl HeTMHEHHOTO
mapamMeTpa METOIOM KOHEUHBIX aMIUTUTY/I.

H3JIy4aTeiib \\< g ;:}

Pucynoxk 3 — Cxema ToMorpaduu st U3MEPEHUsT HEIMHEWHOTO TTapaMeTpa
METOJIOM KOHEUHBIX aMIUIUTYA

TMPpUEMHHUK

B Takoif cxeme MOTJONIEHHE BTOPOM TapMOHUKH HE 3aBUCHUT OT
pPaAcCIONIOKEHUsI OO0BEKTAa MEXKAY H3IydaTeleM | MPUEeMHHKOM. OTO
MO3BOJISET HCIIONB30BAaTh METOHA 3aMeIIeHUs 0e3 JOMOIHUTEIHHBIX
MONpaBoK. EIMHCTBEHHOE, HYXHO «BBIYECTBY» M3 IOJYHYEHHBIX JaHHBIX
BKJIaJl, BHOCHUMBIM BOJOH.

OpHako, Ui BOJHBI PAa3HOCTHOM 4YacTOTBI 3TO HE TakK, BOJIHA
MOTJIOIIAETCS MO-Pa3HOMY B 3aBUCHUMOCTH OT B3aUMHOIO PACHOJIOXKECHHS
obbekTa W mpeobOpasoBaTenel, 3TOM cioydae TpeOyeTcs YYHTHIBATh
T€OMETPHIO SKCIIEPUMEHTA.

[anee npencTraBieHO HECKOJIBKO CXEM pealM3alid aMILTUTYIHOTO
METOJa aKyCTHYeCKol Tomorpaduu, pa3pabOTaHHBIX Pa3TUIHBIMH
TPYIIaMHU YICHBIX.

B MocCkoBCKOM TOCYIapCTBEHHOM YyHHBepcuTere uM. M.B.
JlomoHocoBa mon pykoBoacTBoM B.A. BypoBa pa3paboTaHbl HECKOJIBKO
CXeM aKyCcTH4YecKuX Tomorpaduueckux cucreM [6,7]. Ha pucynke 4
MPEICTABICH MPOTOTUI TOMOTpapUUecKOl CHCTEMBI COCTOSIICH M3 JABYX
U3IydaTened U OJHOrO NMPHUEMHUKA C IIMPOKOH MOJOCOM MpOIyCKaHUS.
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Yron Mmexay ocsaMmu TpeoOpasoBareneil paBeH 120°. M3MeHeHue yria
B3aMMHOTO PACITOJIOKEHHS UCTOYHUKOB M TIPUEMHHKA TTO3BOJIUT U3MCHSITH
pa3Mep BOCCTaHABIMBAEMOW oOyacTu mpoctpancTBa. Cxema Tomorpada,
MPEICTaBICHHAs HA PUCYHKE S5, OTIUYACTCS JIHIIL HAJTUYHUEM TPEThETO
u3nydarens. Takue YCTaHOBKM TIO3BOJISIFOT HKCIOJIB30BATh HEIWHCHHBIC
3G ¢GeKTHl BBICIINX TOPSIKOB, 3a CcYeT paboThl C BOJHAMH HA
KOMOMHAI[MOHHBIX YacTOTaXx.

Taxk xe, mom pykoBojacTBoM B.A. bypoBa [8] pa3paborana
aKyCcTH4YecKast ToMoTpadraecKas CUCTEMA, cocTosImas u3
OWIMHAPUYECKOTO W3Iy4aTeNs M IBYX COOCHBIX KOHHYECKHX 3EpKal.
['maBHOE NPEeWMYIIECTBO NAaHHOW CXEMBI 3aKI0YaeTCs B BO3MOXKHOCTH
MOJTyYCHHsT OOJIBIION 00JaCTH CKAaHMPOBAHUS TPU HEOOJBINIUX pa3zMepax
M3TyJaTes U IPUEMHHKA.

Hanywarens |

TpueMHHK

il

Usnyuareasn 2

Pucynok 4 — Cxema ToMorpauecKoil CHCTEMBI C IBYMS
MOHOXPOMATHUECKUMH U3TYIaTEISIMU
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NV‘« ares |
‘
;"-i

Haaysarens 2

Pucynok 5 — Cxema ToMorpadpuueckoii CHCTEMBI C TpeMs
MOHOXPOMAaTHYECKUMH H3ITydaTeIsIMU

C.B. IIpeoOpaxenckuM [9] Oblna npeacTaBieHa cxema (PUCYHOK 6),
COCTOSIIAs W3 NMPHEMO-U3IIYJaTeNs U yCTpoiicTBa 0OpaIIeHHsT BOJTHOBOTO
¢ponra (OB®D). OB® mno3pomseT ceneKTHBHO OOEpPHYTH (PPOHT BTOPOM
TapMOHHKH C(OKYCHPOBAHHOIO ITy4yKa. A 0oOpa3oBaHHe Ha OOpaTHOM MYTH
YeTBEpPTOW  TapMOHMKM  O0ecreuydBaeT  TOBBIIEHHBIH  KOHTPACT
HM300paKeHUsI.

OB®

Pucynok 6 — Cxema Tomorpaguueckoii ycranoBku ¢ OBD
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Hemenxkumu yuensivu H. Gemmeke u N.V. Ruiter paspaborana
ycTaHOBKa i akyctudeckoil 3D Tomorpadmum, mpencraBieHHas Ha
pucyHke 7. JIaHHBIH NMPOTOTHI MMEET IMIMHIAPHUYECKYI0 KOH(HUTyparmio.
Nmeerca 384 usnyuatens u 1536 mpueMHukoB. CheM HPOU3BOAUTCS B
MIECTH Ppa3IMYHbIX MOJOXKEeHHsX. B  pesynbrare mnonyuaem 2304
BUPTYaJIbHBIX MCTOYHMKA U 9216 mpueMHHKOB. ['JaBHBIM HEIOCTATKOM
MOJOOHBIX CHCTEM SABISIETCS HEOOXOIMMOCTb HCIIONIB30BAHUS OYEHb
MOIIHBIX BBIYUCIUTENIBHBIX CUCTEM.

Taxum o0pazom, Ha cerogusmmanit neHb 2D u 3D Tomorpadudeckne
aKyCTHUECKHE CHCTEMBI HAxXOAATCS Ha CTagud pa3paboTKH Kak B
TEXHUYECKOM, TaK U B AITOPUTMHIECKOM IUIAHE.
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//—’—_—_\\\ - TIPHEMHHKH
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_ YIBTPa3BYKOBas
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—~ _7 -
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~ -
— — -
H3nydaTenb
Pucynoxk 7 — Cxema ynbpTpa3BykoBoii 3D Tomorpada

[IpoBeneHHBII aHANN3 TOKA3aJI, YTO OONBLIIMHCTBO pa3padaThIBACMBIX
METOJIOB  BHM3YyQJIM3allMd  BHYTPEHHHX  OHOJOTMYECKHX  CTPYKTYD
KCIIOJIb3YIOT CXEMbI Ha OCHOBE METO/Ia KOHEUHbIX aMIuTyl. OaHaKo, Bce
MIPEICTaBIICHHBIC CXEMBI MMEIOT TJIaBHBIM HENOCTATOK, OHU pabOoTaloT Ha
OCHOBE JAHHBIX AaKyCTUYCCKOM BOJHBI, MPOXOJSIICH CKBO3b OOBEKT.
OpHako, Ha MPAaKTHKE, TP PaboTe C YEJIOBEKOM TaKHE YCTAHOBKH HE JAIOT
BO3MOKHOCTH BH3YQJIM3HPOBATh TAKHE YACTH TEJIa KaK OPIOIIHAS TIOJOCTh
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WM TpyZIHas KIJEeTKa, TaKk KaK Takue METOABl TPeOYIOT IOMELICHUS
HCCIIeTyeMoro oO0beKTa B 00JIaCTh MEXAy H3IydaTesieM W HMPHUEMHHKOM.
Takum 0Opa3oM, mMeeTcss HEOOXOJMMOCTh CO3IAHUS TOMOTPahHUECKHX
CHCTEM padOTAIOIUX HAa OCHOBE OTPAKCHHOH aKyCTHYECKOI BOJIHBI.
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PACYET BPEMEHHU KOATYJISIHUY CYBMUKPOHHBIX U
HAHOYACTHII B MOIIHBIX 3BYKOBBIX ITOJISAX
Tonocos I1.C., Yepros H.H.
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AHHOTanus. PaccMaTpuBarOTCs TEOPETUUECKHE BBIPAXKEHUS JUIsS
BpEMEHU KoaryJauuu. TeopeTHuecKu pacCUMThIBACTCA BPEMS KOAryJsiuu
IUIsT CyOMUKPOHHBIX M HaHo4yacTHL. /[l pacd€ToB HCHOIB30BAHBI
rapamMeTpbl MHTEHCUBHOCTM 3BYyKa, KOHLEHTPALUU adpO30Jisl, BPEMEHU
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03BYUYHMBAaHHMS U TEMIIEPATYPHI IBUIETa30BOT0 IOTOKA, IOTYYSHHBIE B PAHHHUX
paborax. IlokasaHo, Kak CHJIBHO aKyCTHYECKOE TIOJIE€  MOXKET
MHTEHCH(UIIMPOBATH IPOIECC OCAKICHHS.

KnroueBble cioBa: akycTHUecKasl KOAryJsIHs, OCAXKICHUE JBIMOB,
a’pO30JIbHBIE YaCTHIIBI, BPEMS KOATYIISIIIH.

TIMING COAGULATION SUBMICRON AND NANOPARTICLES
INTO A POWERFUL SOUND FIELDS
Golosov P.S., Chernov N.N.
Southern Federal University
e-mail: nnchernov@sfedu.ru

Annotation. Theoretical expressions for the coagulation time.
Theoretically calculated time of coagulation for submicron and
nanoparticles. For calculations we used parameters of sound intensity,
concentration, time, sound and temperature dust and gas flow obtained in
earlier works. Shows how much the acoustic field may intensify the
deposition process.

Key words: acoustic coagulation, deposition fumes, aerosol particles,
coagulation time.

IIpoBenéHHbBIE HAMU C Pa3MTUYHBIMU NTPOMBIIUIEHHBIMU a3p030JISIMU
(oxonmo momytopa JnecATkoB  BuuoB) [1,2,3] 3KcnepuMeEHTaIbHBIC
WCCIIeIOBAaHUA Makporporecca (KHHETHKH) aKyCTHYECKOH KOaryJsiinu |
OCaXJCHHS TIIOKa3bIBAIOT WHTEHCH(UKAIMIO Tpolecca YKPYHHEHHS
MeNpYalIINX 4YacTHIl TpH OONYyYeHHH WX MOIIHBIM 3BYKOM. Besne
MOJTBEPAKAATACh MOJENIb 3KCIOHEHIMANIbHOTO H3MEHEHHS BO BpPEMEHHU
cuéTHOM KoHIeHTparuu N gactui. OHaKo, pacyETH BpeMEHH KOaryJIsaIuH
JUISl 4aCTUI] BBICOKHUX MOPAJKOB MaJOCTH JI0 CHX MOP HAMU HE IIPOBOAMUINCH
[5].

CormacHo TONyYeHHBIM B MOHOrpagusx [1,4] BBIpaxeHUSIM,
paccMOTPUM ypaBHEHHE ISl BpEMEHH KOATyJISIHN:

3 U 2
4xw (ro—T)*[ro+§*f*(52*m2*n2—81*7711*711)]

t=s2c* (@)
3U§*C  (Ry*my*cos(@q+a)— Ryxmy*cos(@z+a))
rie C = /C? + CZ, Cy, C;cootBercTBenHO (2) 1 (3)
C1=n%_n%+§*(€1*m1*n2—52*m2*n2)*14 (2)

197



MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

Cz =my *ny —my *nz_%*('gl*'ﬂh*nz —&*myxny)*B (3)
B Brpaxkennsx (2) u (3) mapamerpsl A u B coorBetcTBenHo (4) u (5)

A=my*ny +my *n, 4)
B=my*xmy; —ng*xn, (5)

Pasmep wmcrounmka 3Byka d mnpumem paBueiM 0,12 M, 41O
COOTBETCTBYET pa3Mepy HCTOYHHMKA 3ByKa Ha JKCHCPUMEHTAIBHOM
ycraHoBke [6]. CkopocTb 3Byka B BO3QyXEe MNpPUMEM M YCJIOBUI
skcriepuMenTa paBHoil 340 m/c. Temmeparypa B Xojie SKCIIEpUMEHTOB
nojzepxxuBaiach Hamu okosio 300 KeapBUH mpH OMOIIN CIIITUT-CUCTEMBI.
M3HauanbHOE PacCTOSHUE MEKIy LEHTpaMHu 4acTHll Fo mpuHaro 150*107°
METpa, YTO COOTBETCTBYET IHUCHEPCHOCTH JABIMOB, IIONyYCHHBIX Ha
ycTaHoBke [6].

PaccrosiHuE I', KOTOPOE JOKHBI TIPOUTH YACTHUIIHI IO CTOJIKHOBCHHS
MPHUHATO PaBHBIM CyMMe UX BaH-mep-BaanbCOBCKHX pamuycoB. Yacrora
3BYKOBBIX KOJCOaHWI MpPHHATA paBHON 3HAYEHUIO, HA KOTOPOM OBLIH
MOJYYCHBI HAWIY4IIHE pe3ynbTathl [4,5,6]. AMIuMTYda KojeOaHMiA
W3IyyaTensi npuHsaTa paBHOU A4,:,=0.0001 M, xak pe3ynpTaT pacyéra s
ycTaHOBKH [6], cornacHo [7].

Hcxons M3 MaHHBIX DKCIEPUMEHTOB [4,5,6] amIumMTyna kojieOaHui

cpenbl a paccunTana 1o gpopmyie (6).
TTxfxd

[1dy (6)

Ammutyna KoseOarenbHOH ckopoctH cpenbl Uo NpH  JaHHBIX
yenoBusax coctapisier 0,6 M/c. IIMOTHOCTH BelecTBa YacTHI[ p MPHHSATA
paBHoii 2,5 r/em® [5].

JlaBneHue BHYTpHU KaMephl yCTAHOBKHU PACCUUTAHO, UCXOJSI U3 3aKOHA
Jansrona, u cocraiser 1.006*10° Ila npu napuuanbHOM aKyCTHYECKOM
nmasnernn 150 gb. IlmotHOCTH BO3MyXa paccuuTaHa, ucxoas u3 (7).

P

a=2x Ay, * cos(

Pros = S5y a7 ()
Pacuér nuHaMu4yeckoi 1 KHHEMaTHIeCKOU B3KoCTH (8) 1 (9)
0.68
i=1717 107 (=) )
u

n= )

Pros
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VYTIIbl B3aMMOJECHCTBUS TPHUHATHI COOTBeTCTBEHHO 45, 45 u 30
rpaaycoB. Koag¢unmeHTs! yBinekanus u 00TeKaHuUs [UI KaKI0H U3 YaCTHIT
paccuautans 1o (10) u (11):

Q
m= @ (10)
"= e (11)
rae, ) = w * T, T1e 7 BpeMs pelaKcamnuy s Kakaon gacTuibl (12)
R2
‘r=2>l</0>k9*77 (12)

IpousBoas HeoOXOmUMbIE IOACTaHOBKM B BeIpaxkenus (1-10),
paccuuTaeM 3HAuUCHHs BpPEMEHHU cONmkeHus 10 BaH-mep-BaaabCOBCKUX
panuycoB wactui, ¢ pasmepamu 2%¥10°, 3*107 u 2*10® (kpusbie 1,2 u
3)[9,10]. B xauecTBe 9acTHIl, C KOTOPBIMH OHH B3aNMOJICHCTBYIOT BEIOpaHbI
HECKOJIBKO YaCTHI] MEHBIIETO pasMepa, (10 107! BrirounTensHO) momyuum
(pucynoxk 1).

Kak BHgHO M3 rpadMKoB, C YMEHBIICHHEM pa3Mepa «IepBOM» —
0oJIbIIeH — YaCTUIIBI BPeMs KOAryJISIIH 3HAYUTEIHHO YBEIHINBACTCSA. DTO
00BSCHACTCSA TE€M, YTO JJI MENbYalluX 4acTUIl KodhHUIMEeHT yBiIeueHUs
Cpenoi BBICOK.

12
P
t3

1
e %107 ‘

100)

H IJI:\:m !

R2
Pucynok 1 —M3menenune BpeMeHN KOAryJisiiiyi B 3aBUCUMOCTH OT Pa3MepOB
MIEPBOI YaCTULIBI B JOTaPH(PMUIECKIX KOOPIUHATAX

W3 u3noxxeHHOro Marepuaia MOXHO CAENIaTh BBIBOJA O TOM, UTO IS

HAHOJMCIIEPCHBIX adpO30JIell aKyCTHYecKas KOaryJsilus MOXKET OBITh
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3aTpy/IHEHA: COTJIACHO 3aKOHOMEPHOCTSAM, BBIBEACHHBIM B pE3yJbTaTe
uccienoBanuil [8], 3akoH pacrpeaeneHus: CYETHON KOHIIEHTPALUU YaCTHI] B
MO0OM  a’p030Jic WMEET HOPMAalIbHO-IOTapu(QMUYeCKHi XapakTep, 4UTO
03HAYAET, YTO JUIS KAXKI0T0 HAHOJUCIIEPCHOTO a3P030JIs, B COCTaB KOTOPOTO
BXOJISIT, ITYCTh M B HEOOJIBIIIOM KOJIHYECTBE, 00JIee KPYITHBIC CYOMHKPOHHBIC
U MHUKPOHHBIC YAaCTHIBI, CYIIECTBYeT Takod Habop mapameTpoB
aKyCTHUYECKOTO IOJIsI, KOTOPBIH MO3BOJIUT OBICTPO U 3P (HEKTUBHO YKPYITHUTH
YaCTHIIBl HAHOJUCIIEPCHOTO a3p030JIs 10 pa3MePOB, MO3BOJISIONINX HA3BATh
3aJa4y OCaXKACHUS PELIEHHOM.

OpHako ecnW 3ada4dl  yKPYNMHEHWS HAHOIWCIIEPCHBIX YaCTHII
YCIIOKHSIOTCS BBUY MIX ITOJTHOT'O YBJICUCHHS CPEHOii, TO 3a1aUH OCAKICHHS
TaKWX YacTHUI[ Yepe3 MOrpaHWYHBIC CJIOW, B TOM YHCJIC ¥ B MOTOKE rasa,
MpeICTaBIAOTCA OoJiee pelaeMbIiMu [4].
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Annorarus: B pabGore cpaBHUBAIOTCS CHOCOOBI  yIIpaBICHUS
(hopmupoBaHreM (POKaIBHOTO MATHA: C MOMOIIBIO BBEIEHUS (Ha30BOTO
pacmpeneneHuss 1Mo JJICMEHTaM AaHTEHHOH pEHmeTKH, C ITOMOIIBIO
UCIIONIb30BAHUsI TIEPEXOJHOI0 CJIOS C 3aJaHHBIMH  aKyCTHYECKUMH
XapaKTepUCTUKAMH, W TPH TOMOIIM KOMOWHUPOBAHHOTO CIocoba.
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HccnenoBanus akyCTHUECKOTO OIS POBOAMIIHCE IS YETHIPEX aHTEHHBIX
pemerok, cocrosmmx u3 321 u 1273 >1eMeHTOB, pPacloNOKEHHBIX
VHOPSITOYEHHO W TMPOU3BOIBHO IO TOBEepXHOCTH. CpaBHEHHE Pa3ITHUHBIX
CrocoOOB  KOPPEKTHPOBKH ~ MECTOIOJIOKEHHS  (POKAJBHOTO  ISTHA
MPOBOJWIOCH IO CIEAYIONIMM XapaKTCPUCTHKAM: 1) OTKIOHCHHE TOYKH
(doKyca OT TEOMETPHYECKOTO IIEHTpa aHTCHHOW pEIIeTKH; 2) pa3Mephl
(dhoxanpHOrO MsiTHA 110 ypoBHIO 0,707 OT MaKCUMyMa 1O OCH X H 10 OCH Y);
3) aMmIUTy1a MaKCUMYyMa aKyCTHYECKOTO JaBICHUS; 4) MECTOOJIOKEHUE U
aMIUTUTya J00aBOYHBIX MAKCUMYMOB. Bee paccMoTpeHHBIE CrTOcOOBI 0T
3aMETHYI0 KOPPEKTHPOBKY MECTOIONOXKEHUSI (POKAIBHOTO TIISITHA H
OKa3bIBAIOTCS OIU3KUMHU T10 3HAYCHUSIM.

KimroueBble cioBa:  (OKYCHPOBAHHBIM  yIBTPa3BYK, aHTCHHAS
pelleTKa, YIpaBIeHUe MapaMeTpaMu, MPEIIOMIICHHE YIbTPa3BYKOBBIX BOJIH,
TEPEXOIHBIN CJION, CJIOUCTO-HEOIHOPOIHBIE CPEIbI.

STUDY WAYS OF FORMATION FOCAL SPOT PHASED ARRAY
ANTENNA IN LAYERED MEDIA
Dombrugova Ye.G., Chernov N.N.
Southern Federal University
e-mail: nnchernov@sfedu.ru

Annotation: The paper compares the different control methods of the
formation and the position of the focal spot: by introducing a phase
distribution on the array elements, by the use of a transition layer with
predetermined acoustic characteristics, and using the combined method.
Acoustic field studies were conducted for the four antenna arrays consisting
of elements 321 and 1273, and positioned orderly or randomly on the surface.
Comparison of different methods of adjusting the location of the focal spot
was conducted by the following characteristics: 1) the deviation of the focal
point from the geometric center of the antenna array; 2) the size of the focal
spot at a maximum level of 0.707 for the x-axis and y-axis); 3) the maximum
amplitude of the acoustic pressure; 4) the location and amplitude of the
additional peaks. All the considered methods provide a significant
adjustment of the focal spot location and are close in value.

Keywords: focused ultrasound, array, parameter control, the refraction
of the ultrasonic waves, the transition layer, layered media.

202



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

PaboTa mocBseHa CpaBHEHHUIO Pa3IMYHBIX CIOCOOOB YIpaBlICHHS
¢opmupoBaHreM (HOKaTbHOTO TMATHA TPH (POKYCHPOBKE B CIOHCTO-
HEOAHOPOAHBIX  Cpeaax ¢ WCTIONIb30BAaHUEM  KOMIIBIOTEPHOTO
MojenrpoBaHus. B naHHON paboTe paccmaTtpuBaercsi (OKYyCHpOBKa B
reOMETPUYECKOM IIEHTpPE aHTEHHOW pemreTkH (0e3 mepeMemieHnus] TOYKH
xemaemoro  Qokyca). [ns  cpaBHeHHss BbIOpaHBI TpH  crocoba
KOPPEKTUPOBKH MECTOIMOJOXKEHUsI (DOKATBHOTO IATHA: C IOMOIIBIO
BBeZIeHUs (Da30BOro pacrpesielieHus! 10 2JIEMEHTaM aHTEHHOM peIeTKH, C
MIOMOIIBI0O  WCIONB30BaHUS  TEPEXOAHOTO  CIOS  C  3aJaHHBIMH
aKyCTHYECKHMH XapaKTEPUCTUKAMH, a TAKXKE C TIOMOIIBIO COYETaHHS 000MX
YKa3aHHBIX BhIIIe criocooos [1 —4].

Jdns  wWccienoBaHWS — aKyCTHYECKOTO MO,  CO3/1aBacMOro
(ha3upoBaHHON aHTEHHOW PEIIETKON B CIIOMCTO-HEOJHOPOIHOHM cpene, a
TaKkKe JUI1  MCCICNOBAHUS  PA3IMYHBIX  CIHOCOOOB  yNpPaBICHUS
dhopmupoBanueM (OKaJIbHOTO IMATHA ObUIA CO3[laHa MporpaMMa B Cpelie
paspabotku Visual Studio [4].

CornacHo npuHiuna I'rolreHca, akyCTH4ECKOE MOJIE IPOTSKEHHOTO
WCTOYHMKA TMPEACTaBIACTCS Kak HHTepdepeHnns cQepuieckux BOJH,
CO3/IaBa€MBbIX JIEMEHTAPHBIMH TOYEYHBIMU HCTOYHUKAMH, HAXOSIIIMUCS
Ha W3Iy4aronied moBepxHOCcTH. [l ymoOCTBa MpoOBENEHHS pPacydeToB,
CBSI3aHHBIX C OTP)KEHHEM U IIPEJIOMJICHHEM Ha TPaHUIIe pa3ziena, Mbl OyieM
paccMaTpuBaTh  C()EPUYECKYI0  BOJIHY,  CO3[aBaeMyl0  KaKIbIM
3NIEMEHTAPHBIM Y4aCTKOM KakK TOMOLIEHTPHUYECKHI IMy4OK TIOCKUX BOJH [5
-7].

Taxum oOpa3om, 4TOOBI y3HATH MIHOBEHHOE 3HAUYEHHWE CHUTHAJIA OT
u3nyyarenas B TOYKE HCCIEAOBaHUSA, HEOOXOAMMO NPOCYMMHPOBAThH
MTHOBEHHBIE 3HAu€HHWs OT KaXAOTO0 DJIEeMEHTapHOTO HCTOYHHKA,
pacrosararonierocsi Ha ero MoBepXHOCTH.

MrHOBEHHOE 3HAUCHHE aMIUIMTYIbl aKyCTUYECKOTO [aBJICHUS B
3aJJaHHOM TOYKE MIPOCTPAHCTBA JUIS NEMEHTAPHOIO HICTOYHHKA BBIPAYKaeTCs

thopmyoii [4]:
A (xy,z2,t)= % c(Wy, W W,y ) -sin(a(t +1,) + 9 + @15 + 04 ) - g e etz sk
rae: Aﬂ - AMIUIMTyJa aKyCTHYCCKOIr'0o JaBJICHUA Ha LCJIOM 3JICMCHTC,

D — xomu4ecTBO >IEMEHTapHBIX WCTOYHWKOB HA OJHOM HW3Iydarene; L —
paccrosiHie, MPOUJICHHOE aKyCTUYECKOW BOJTHOM /10 TOYKH HUCCIIEOBAHUS,
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t, — 3amepiKKa CHTHajIa BO BPEMEHH IS OTACIBHOTO M3IydaTels; ¢, —
Haber (asbl B cootBeTcTBYyIoNIeM cnoe; @ =27f , f —uactora; |, - myTs,
NPOM/IEHHBIA aKyCTUYECKOW BOJIHOW B COOTBETCTBYIOLIEM CJIOE; O, -

K03()(hUIMEHT MOTINIONIEeHNsT B COOTBETCTBYOMIEM cioe; W — koadpuuueHT
IPO3PAaYHOCTH 110 JABJICHHUIO.

321 saestent 08 MM, 321 aaesent O8 My
VROPHAOMEUNOE PACHONOACHNE

Srearr e
LRI

1273 2 00menra OF s,
YHOPAI0ULHHOE PACHOT0E eHIe

2

PI/ICYHOK 1 — BuerHui BU aHTCHHBIX PCIICTOK, UCIIOJIb3YCMbIX B
KOMITBIOTEPHOM MOACIUPOBAHUN

UTo0BI y4ecTh BO3MOXKHOE BJIHMSIHAE PACIOIOKEHHUS JIEMEHTOB IO
MOBEPXHOCTH M MX KOJIMYECTBA, JIJISl PACUCTOB OBLIN MCIIOJIE30BaHBI YETHIPE
aHTEHHBIE pelIeTKU: cocToAlme u3 321 sjnemMeHTa IUaMETpOM 8 MM C
VIOPSIIOYEHHBIMH M MPOU3BOJIGHBIM PACIIOIOKEHHEM JJIEMEHTOB 10
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MMOBEPXHOCTH; M cocTosAmMe U3 1273 37eMeHTOB TuaMeTpoM 4 MM, TaKKe ¢
YHOOPSAAOYEHHBIM M TMPOU3BOJIBHBIM PACIOJIOKEHUEM 3JIeMEeHTOB. Takoe
COOTHOIIICHHE KOJMMYECTBA M pa3Mepa AJIEMEHTOB O0CCICUUBACT PABHYIO
IJIOIIAlb AKTHMBHOW TMOBEPXHOCTH AHTEHHOM peEleTKH. BHemHuil BUI
AHTEHHBIX PEIIeTOK MMOKa3aH Ha pUCYHKe 1.

CpaBHeHHE TIapaMETPOB aKyCTHYECKOTO TOJs, CO37aBaeMOro
aHTEHHBIMHU PENICTKaMH, TIPOBOIUIIOCH HA OCHOBE PACYETOB B JIBYX B3aMMHO
MEPHCHINKYJISIPHBIX ~ HAmpaBIEHUSAX B TOYKE C  MaKCHMAaJbHBIM
aKyCTUYECKUM JIaBJICHUEM: BO (DPOHTAIEHOM Ccpe3e aKyCTHIECKOTO IO U
B HAIPABJICHUHU PACIIPOCTPAHEHISI BOJHBL.

CpaBHEHHE Pa3INIHBIX CIIOCOOOB KOPPEKTUPOBKU MECTOTIOTOKEHHUS
(hOKAJILHOTO TMATHA MPH PACIIPOCTPAHCHUH UYepe3 CIOUCTO-HEOTHOPOTHYIO
cpey, MPOBOAMIOCH Ha CIEIAYIONINX COYCTAHHSIX OUOJOTHMYECKUX CIIOCB,
YKa3aHHBIX B TaOymie 1. YCIOBHO NPHHATO Cclenaymoliee udpoBoe
ob6o3HaueHue coderanus oOmonornyeckux cioe (CbC): mepmas mudpa —
TOJIIIMHA TIEPEXOJIHOTO CJIOsl, BTOpasi mudpa — TONIIMHA KOXKHOH TKaHH,
TpeTbss nupa — TONIMIKHA >KAPOBOM TKAaHW, YETBEpTas — TOJIIWHA
MBIIIEYHOU TKAHH (BCE 3HAYCHUS B MM).

Tabmuma 1. AKycTHdecKue XapaKTepUCTUKH U TOJIIINHBI
OMOJIOTHUECKUX CIIOCB

0O6o3Haye- Cropocts Koacbdmune}iT Konuentparnus
HazBa- HHE 3BVKa [InoTHOCTE | 3aTyxaHus o™, pactBopa
HUE TOJIIIIH o* yM I p*Kr/M3 m!ua TJIMLEPUHA B
CIIOEB ’ =3MI' BoJe, 00beM.%
CBC 1 1385%_30_ 1515,7 1016,283 0,47 6,2
CBC 2 138;3%'10' 1553,2 | 1038814 0,75 14,9
CbC3 | 188-2-5-5 | 1529,57 | 1024,616 0,57 9,4

CumBosiom * B Tabmume 1  00O3HAYEHBI  AKyCTHUYCCKUE
XapaKTepPUCTHKH IEPEXOJHOTO CJIOSA C PAacTBOPOM IIIMIEPHHA B BOJIE
3aJ]aHHOM KOHIIEHTPAIMK JUTT MUHUMH3AIUH OTKJIOHEHHUS TOUKH (OKyca OT
TeOMETPUYECKOT0 [IEHTPa aHTCHHOH PEIeTKH.

Pacyetsl  mpoBomgmimch O ciaydas — PacHpOCTPAHEHUS
yIBTPa3BYKOBBIX BOJIH B cpefe Oe3 cioeB (AMCTWIIMPOBAaHHAS BOMA), a
TakKe IS CIydas pPacHpOCTPaHEHHs 4epe3 COUeTaHUs OMOJIOTHYECKHX
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cioeB, ykazaHHbIX B Tabnwuie 1. [Ipu 3ToM BBIOpaHBI CIEAYIOIIHE CITOCOOBI
KOPPEKTUPOBKH MECTOIOJIOKEHUS (POKAIBHOTO IIATHA: ITyTEeM BBEICHUS
(ha30BOTO pacmpeneneHns Mo 3JIeMEHTaM aHTEHHOH PEIIEeTKH, C TTOMOIIBIO
MIEPEXOTHOTO CIIOS, a TAK)KE KOMOMHUPOBaHHBIH c110co0 (TepeXoHbIH CII0i
B COUYETAaHUU ¢ (a30BON KOPPEKTUPOBKOIH).

CpaBHEeHHE Pa3THYHBIX CIIOCOOOB KOPPEKTUPOBKH MECTOTIONOKEHHUS
(hOKATBFHOTO TISITHA MPOBOAWIIOCH IO CIECAYIOUIMM XapakTepUCTHKaM: 1)
OTKJIOHEHHE TOYKH (OKyca OT TE€OMETPHUECKOTO ILIEHTpa aHTCHHOU
pemietkn; 2) pasmepsl (oKampHOTO TsTHa (IIMPHHA paclpeaeIeHuUs
aKyCTHYECKOro JaBieHus 1no yposHto 0,707 oT MakcuMyMa IO OCH X U O
ocl y); 3) aMIUIMTyAa MakCHMyMa aKyCTHYeCKOro maBieHus; 4)
MECTOIIOJIOKEHUE U aMILTUTY 1A I00aBOYHBIX MAKCHMYMOB.

OmnpenenuM ~ MECTONOJNIOKEHHE ~ MakCHMyMa  paclpeJesieHHs
aKyCTHYECKOro AaBiieHusl. B cpeme 6e3 coeB Ui BceX YeThIpeX aHTEHHBIX
pEIIETOK  OTKJIOHEHHE MAaKCHMyMa aKyCTHYeCKOTO  [JaBICHUS  OT
TEOMETPUYECKOT0 IICHTpa aHTEeHHOW pemeTku coctaBuwio 0,05 mm (o
HAIpaBJICHNIO K aHTCHHOH pelIeTKe).

IIpn pacnpocTpaneHun B cpene co ciosMu (06€3 KOpPEeKTHPOBKH
MECTOIIOJIOKEHHUS (POKAIBHOTO TTHA) MBI UMEEM OJIMHAKOBBIE ITOKA3aTeNIN
OTKJIOHEHHS TOUYKH (pOKyca OT reOMETPHUYECKOT0 IIEHTPa aHTEHHON PEIIeTKH
i1 000i M3 aHTeHH. Tak, NMpH paclpoCTpaHEHWH 4Yepe3 COYeTaHus
ouonoruveckux cinoeB CbC1 MBI UMeeM OTKJIOHEHHE OT T€OMETPUUYECKOTO
[IEHTpa aHTEHHOW pemeTrku 1,55 MM (MO HampaBiICHWIO K aHTEHHOM
pemertke). [Ipu pactipocTpaHeHnH depe3 COUeTaHUs] OMOJIOTHYECKUX CIO0EB
CBC2 u CBC3 MBI mMmeeM cootBeTcTBeHHO 3,25 MM u 0,7 (0,75 mm)
OTKJIOHEHHE OT T€OMETPHYECKOTO IEHTPpa aHTeHHOH pemeTky. [To ocn y, s
BCEX COYETAaHHH OHMOJIOTMYECKHX CIIOE€B Ui BCEX aHTEHH M CII0COOO0B
KOPPEKTUPOBKH MECTOIIOJIOKEHUS! (POKAITBHOTO TSTHA, OTKIOHEHHWS HeE
MPOUCXOTUT (MAKCHMYM pPAacIioyiaracTcsl Ha OCH aHTEHHOM PEIeTKH).

g anteHH, coctoAmmx u3 1273 351eMEHTOB pacloyIOKEHHBIX Kak
YIIOPAZOYEHHO, TaK W MPOM3BOJIIEHO MO TMOBEPXHOCTH AHTEHHON pEIIeTKH,
IUIST  BCEX TpPEX COYETAaHWH OWOIOTHYECKHH CJIOeB, OirKaiiiee
pacronoxeHne MaKCIMyMa pacIlpeAeieHus JaBIeHU K TeOMETPHIECKOMY
HEHTPY  aHTeHHOW  pelIeTKH  MONy4eHO TpH  KOPPEKTHPOBKE
MECTOIIOJIOKEHUS (POKATBHOTO IIATHA KOMOWHHPOBAHHBIM CIIOCOOOM (C
MOMOIIBIO  TMEPEXOJHOTO  CJIOS € 3aJaHHBIMH  aKyCTHYECKUMH
XapaKTEepPUCTHKaMH M TIPH IIOMOIIY BBeACHHS (Aa30BOr0 paclpeiesieHus).
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KoppekTipoBka MeCTONONOKEHUS (POKAIBHOTO IMSTHA MPU ITOMOLIH
TJIMIEPUHA W TpU ToMomd (as3el (10 OTAEITBHOCTH) JAaf0T CXOJIHBIE
pe3ynbTathl, ¢ pasHuuen ans anteHH 1273 0-0,1 mwm, ana antenH u3 321
sneMeHTOB — 0T 0 110 0,15 MM.

[Ipu mpoymnx paBHBIX YCIOBHSX, JJIS aHTCHH U3 1273 3jeMEHTOB U
aHTeHH w3 321 DJjmeMeHTa TONMYYCHBI CXONIHBIC PE3YJIbTAaThl YIS
KOPPEKTHPOBKH MECTOIONOKEHUSI TOYKM (POKyca, HO JJIsi aHTCHH C
MEHBIIUM KOJHMYECTBOM AJIEMEHTOB, IPOMaX B PABHBIX yCIOBUAX OOJIBIIE
Ha 0,05 — 0,1 mM. Taxke mpoMax B KOOPAMHATAX JJIL aHTEHHBIX PEILETOK,
COCTOSIIIIUX W3 DIIEMEHTOB, PACIIONOKEHHBIX MPOU3BOIBHEIM 00pa3oM IO
MOBEPXHOCTH AHTCHHOW PEMIETKH, MEHBIIE, YeM TIPH YIOPSAOUCHHOM
pacnonio’keHuu 3memenToB Ha 0,05-0,1 mm.

PaccMoTpuM  aMIUIHTYJy MaKCHMyMa aKyCTHYECKOTO TIONII U
3aKOHOMEPHOCTH €€ U3MEHEHHS MPH Pa3IHYHBIX CII0CO0aX KOPPEKTHPOBKH
MECTONOJOXKEHUSI (poKanbHOrO NATHA.  J{nd aHTEeHH C OJUHAKOBBIM
KOJIMYECTBOM 3JIEMEHTOB aMILUIUTY/1a MAaKCUMyMa NP IPOYUX OJUHAKOBBIX
yCIoBHAX (CIOCO0 KOPPEKTHPOBKH, COUYETAHME OMONOTHYECKHX CIOEB Ha
MyTH PacHpOCTPAHEHHUSI YIBTPA3BYKOBEIX BOJIH) aMIDUIATYNA OTIHYACTCS
MakcumanbsHo Ha 0,7% (st anteHH u3 1273 snementoB) u Ha 1,4% (s
aHTEHH, coCTOALIMX U3 321 anemeHTa).

MaxkcumanpHOE 3HAYCHUE AaMIUIATYIBl aKyCTHYECKOTO JaBJICHHUS
MOJTy4YaeTcs P PaclpocTpaHeHHUHU B cpene 0e3 cioeB. CeayIonIiuM 3a HUM
0 AaMIUTUTYAE AaKyCTHYEeCKOTO [HaBICHHUS CJEAyeT pe3yiapTar Ipu
pacmpocTpaHeHUH B cpele co clnosMu. Jlanee — aMImmuTyna, co3maBacMast
AHTCHHBIMH pEIIeTKaMH B CIOHCTOM cCpede C  KOPPEKTHUPOBKOM
MECTOIOJOXKEeHHsT ~ (HOKALHOTO  IATHA  (Da30BOM  KOPPEKTHUPOBKOM
(aMIuIMTYIa HWDKE, YeM TPH PacIpOCTPaHEHHH B Cpele CO CIOsIMU 0Oe3
KOPPEKTHPOBKH Ha 3-14% B 3aBUCHMOCTH OT COUYECTAHUS CIIOCB). SHAUCHHUS
AMIUTUTYIBI IPU KOPPEKTHPOBKE MECTOIIONIOKEHHS (POKATIBHOI'O IISITHA MIPU
MOMOIIM  TEPEXOJHOr0  CJIOS € 33JaHHBIMH  aKyCTHYECKHUMH
XapaKTepPUCTUKAMH  OJNM3KM €O  3HAUCHUSAMH  aMIUIATYIBl  TIpH
KOMOWHHPOBAHHOM CIIoco0¢e (IS ITOCIIeTHET 0 MOKA3aTeN HIKE MAKCHMYyM
Ha 0,4%).

I[lpu  doxycupoBaHWUM  yIBTPa3BYKOBBIX BOJH B  CIIOHCTO-
HEOJHOPOIHOM cpejie MPOUCXOIUT 3HAYUTENIFHOE Na/ICHNE aMITIATY Bl — 10
93% 0T MakCHUMaJbHOTO 3HAUEHHs], MOJYYCHHOTO NPHU PacIPOCTPAaHCHHUU
YIIBTPa3BYKOBBIX BOJIH B cpejie 63 cI0eB. DTO CBI3aHO CO 3HAYUTEIbHBIM
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3aTyxaHueM B cioucToi cpene. [loaTomy, pasHula B aMIUIUTYI€ HACTOIBKO
BEJIMKA YIS PA3IMYHBIX COYETAHWA W TONIIMH CIOCB HA MYTH CIICIOBAHHUS
YIIBTPa3BYKOBBIX BOJH.

PaccmorpuM mmpuHy (oKaNbHOro msTHA Mo ocH y. Jlims Bcex
aHTEHHBIX peleTok (coctosumx u3 1273 n 321 snemMeHTa ¢ MPOU3BOIBHBIM
U YIOPSIOYCHHBIM pPACIOJIOXKCHHEM JIIEMEHTOB) IMMPHHA (DOKAIEHOTO
maTHa 110 ypoBHio 0, 707 oT MakcuMaIbHOIo 3HaveHus cocrasiser 0,7-0,8
MM. Ilpu sTOM, pesynbTaTsl 0,7 MM HOIXYyYEHBI I aHTEHHBIX PEIICTOK C
MPOU3BOJIFHO PACIIONIOKEHHBIMH 10 TTIOBEPXHOCTH AHTCHHEI DJIEMEHTAMH.

OunennM mmmpuHY (¢GoOKagpHOro mATHa 1o ypoBHo 0, 707 ot
MaKCHMAaIILHOTO, TI0 OCH X. B mpememax OIMHAKOBBIX YCIOBHUI CpEIbl H
crocoba KOPPEKTUPOBKM HAWOOJNBINAs IIHPHHA (DOKATBHOTO TATHA
MOJTy4aeTcss JUIsl aHTEHHBIX DEIIETOK, COCTOANIMX W3 1273 3IIeMEHTOB,
PaCIONOKEHHBIX ymopsnodeHHo. Cienyromeil Mo 3HAYEHUIO IIHPHUHBI
(hokaapHOTO TMATHA TIO OCH X MJIET aHTCHHAs pelieTka, cocrosmas u3z 1273
3JIEMEHTOB, PACIIONIOKECHHBIX MPOU3BOJIBHO (B cpenHeM, pasHuia Ha 0,05-
0,1 mm). IlupuHa QoKaNbHOTO MATHA IO OCH X y AHTEHHOH PpEIIeTKH,
cocrosaeil u3 321 snemMenra, pacroyOKEHHBIX YIOPAJ0UYEHHO, HIXKE, YeM
y aHaJIOTUYHOW aHTEeHHBI, coctosuleil nu3 1273 snementor Ha 0,05-0,1 mm.
Camoii MalleHbpKO IUpUHOH (oKanbHOro nATHA 1o yposHI0 0,707 mo ocu
X, TPH TPOYUX OIWHAKOBHIX YCJIOBHSX, OOJIaJJaeT aHTEHHAs pPEIIeTKa,
coctosmass w3 321 bdieMeHTa, pPAacMoONOXKEHHBIX IPOU3BOJIBHO TIO
MOBEPXHOCTH aHTEHHOU PEIICTKH.

uprna auarpaMMBl IO OCH X IIPH PacIpOCTPaHEHHUH B cpene 0e3
CIIOEB OKa3bIBaeTCs HaWOombIedl (MpH CpaBHEHHMH C COYETaHHEM
ouonornyeckux cioee CBC1, CBC 3 mnpu pasnuubbeix crocobax
KOPPEKTHPOBKH  MECTOIIOJIOKEHUSI UM 0e3 KOPPEKTHPOBKH), JHOO
OKa3bIBACTCSI HEMHOTO YK€, YeM IPH KOPPEKTHPOBKE MECTOIOJIOKCHHS
(OKaNTPHOTO IMATHA MPH IOMOUIM TJIHMLIEPUHA ¥ KOMOUHHPOBAHHBIM
criocobom (CBC2).

B npepenax onHOW aHTEHHOH pELIETKH PE3yabTAaThl [0 IIMPHHE
(OKATPHOTO TSATHA M PA3IMYHBIX CHOCOOOB KOPPEKTHPOBKH  €ro
MECTOTIONIOKEHHS CIEAYIOMNEe: HAaUMEHBINAs MIMpUHA (HOKAIEHOTO TSTHA
MO0 OCH X IIOJy4aeTCs MPHU PACIPOCTPAHECHHUH B Cpele C COYCTaHHUEM
OHMOJIOTHIECKHX CI0eB 0e3 KOppeKTUpoBKU. CIleAyIOMHUN pe3yabTaT — MpH
KOPPEKTHPOBKE MECTOIOJIOXKEHHS (POKATBFHOIO ISITHA C MOMOIIBIO (ha3bl.
[Ipu KOpPpEKTUPOBKE MECTOMONOKEHUS (POKATBHOIO MSATHA MPH MOMOIIU
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TIIMIepUHa — TPETHH pe3ynbTaT. U, HakoHeI, camoe MUPOKoe (POoKanbHOEe
MATHO TOJYYaeTcss TPH KOPPEKTUPOBKE MECTOIOJIOKEHUS (hOKaTbHOTO
MATHA NTPH TIOMOIIN KOMOWHHPOBAHHOTO CIIOC00a.

B nenom, u3 BBIIECKA3aHHOTO, AJISI TAHHOT'O KOHKPETHOTO Cilydas
MOXHO CIIeJIaTh BBIBOJ, YTO IIMPHHA (POKAITBHOTO ITHA MEHSETCS B 11€JI0M
He3HayuTeNbHO — MakcumyM Ha 0,5 mwm. [Ipn sTom mupuna ¢oxamsHOTO
nsaTHa 1o ypoBHI0 0,707 1o ocH X IIpH pacipoCcTpaHEHUH B cpefie 0e3 coeB
HE SIBIIIETCS] MUHUMAJIBHOU.

Ha pucynke 2 mpenctaBleHO THUIMYHOE — PacHpelesleHHe
aKyCTHYECKOTO JABJIECHUS BO (PPOHTAIBHOM Cpe3e aKyCTHYECKOTO IOJIS 110
OCH y AJISl AaHTEHHBIX PEUIETOK, UMEIOIIUX YIOPIJOYEHHOE PACIONOKEHHE
3JIEMEHTOB, COCTOSIUX K3 1273 371eMeHTOB (BEpXHUH PUCYHOK) U IS
AHTEHHBIX PEIIeTOK, COCTOSIUX U3 321 a1emMenTa (HIKHUNA PUCYHOK).

AlAmax

R

1273w

1273y-8!
’ 1273y

N oalh, a

A/Amany

6,03 002 0,01 o 0,01 0,02 0,03 yim

Pucynox 2 — Pacnipeenenre aKyCTHIECKOTO JaBICHUS BO (PPOHTATHHOM
Cpe3e aKyCTUYECKOI'0 OIS

Kak BumHO u3 pucyHka 2, BO (ppOHTANBbHOM Cpe3€ aKyCTHUYECKOIO
MOJIST TIPUCYTCTBYIOT JO0ABOYHBIC MAaKCHMYMBI aKyCTHYECKOTO JaBJICHHUS
UL aHTEHHBIX PEIIETOK C YHOPSIOUYESHHBIM PACTIONI0KEHHUEM SJIEMEHTOB 10
MOBEPXHOCTH. DTH MaKCUMyMbl HaONIOMAOTCI W TpH (HOPMUPOBAHHH
AHTEHHBIMH penreTkaMu (DOKYCHpPOBAaHHOTO TIIONISI B cpexe 0e3 cioes.
[IpuueM, aJi1 aHTEHHBIX PEIIETOK, cocTosmux u3 321 »sremeHra,
NPUCYTCTBYeT cpa3dy 4 m00aBOYHBIX MakcHMyMmMa (gBa OOJBIINX,
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pacIoIoKeHHbIX CAMMETPHYHO OTHOCHTENBHO MAaKCHMyMa PacIpeieNeHus,
W JIBa MAJIBIX, TI0 KpasiM MCCIEAyeMOoil 001acTh); Il aHTEHHBIX PEIIeTOK,
cocrosimux w3 1273 snmemMeHTOB, MO00OAaBOYHBIX MaKCHMyMa BCETO JBa
(pucyHok 2, BepxHuit). ISl aHTEHHBIX PEUIETOK, Y KOTOPBIX 3JIEMEHTHI
pacIoyokeHsl IPOU3BOJIFHO, BO (PPOHTAIEHOM Cpe3e aKyCTHYECKOTO TOJIA,
mpoxojsmeM depe3 (oKaTbHYI0 TOUYKY, JAOOAaBOYHBIX MaKCHMYMOB He
HaOJIro1aeTcs.

Ha pucynke 3 mpeacTaBIeHO THIIMYHOE IPOSBIEHHE N00aBOUHBIX
MaKCHMYMOB IT0 OCH X Ha IpuMepe codeTanns ononorndecknx ciaoeB CbC1
JUIsL aHTEHHBIX peIeTOK, cocrosmux u3 1273 u 321 snemeHTa,
pacIonoXeHHbBIX KaK yIopsgodeHHo (Y), Tak ¥ Ipon3BoabHO (P).

1.2 4

A Amax

08

0125 0145 0165 0185 0,208 0,22

Pucynok 3 — Pacnipeenenue akycTHYECKOM SHEPTHUHU B HANPABICHUH
pacnpocTpaHeHus

CrouT OTMETHTh BJIHMSIHHE PACHOJOXCHHS DIEMEHTOB  II0
MOBEPXHOCTH aHTEHHOU PEIIETKU Ha YPOBEHb JOOABOYHOI'O MAKCHMyMa B
cpe3e aKkyCTHIECKOTO IIOJIS TI0 OCH X: HAMOOIBIINH T0OaBOYHBIN MaKCUMYyM
MoJiydaercs [IJIsi aHTEHHOW peleTkd, cocrosuledl u3z 321 snemeHTa,
pacrojokeHHbIX yropsnoderHo. Crenyromas 1o BeIMYuHe J00aBOYHOTIO
MakCUMyMa — aHTEHHas pelleTka, cocrosmas u3 1273 3JIeMeHTOB,
pacIoNoKeHHBIX YIOpPsAAOYEeHHO. B OONBIIMHCTBE CiTydaeB, aHTCHHBIE
PCIIEeTKH, WMEIOIINE IPOU3BOJIFHOE PACIIONOKEHHE JJIEMEHTOB [0
MOBEPXHOCTH, HMEIOT CXOIHBIC pEe3yJbTaThl, HO OOJbIIE OKa3bIBACTCS
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aMILUTATYyJa J00aBOYHOTO MAKCUMYMa Y aHTEHHBIX PELIETOK, COCTOSIIUX M3
321 sneMeHTa.

Bnusaue crocoba KOPPEKTHPOBKH MECTOIONOKEHHS (POKaIBHOTO
MSITHA Ha J00aBOYHBIE MaKCUMyMBl 10 OCH X CJEIyIoUlas: IpH
UCIIONIb30BaHUM  (Aa30BOH KOPPEKTUPOBKH aMIUTUTylIa J00aBOYHOTO
MakcuMyMa Oombine, dYeM 0e3 KOPPEeKTHPOBKH  MECTOIOJIONKECHHUS
(¢okanpHoro mAtHa (yBenmmyenue Ha 15-40%); mpH  HCTONB30BaHHH
KOMOMHHPOBaHHOW KOPPEKTUPOBKH MECTOIOJIOKEHHs (POKaIBHOIO MSATHA
aMITIATya 100aBOYHOr0 MaKCUMyMa JI00 paBHA, JTHOO OOJIbIIe, 9eM IpH
KOPPEKTUPOBKE MPH IMOMOIIH TOJBKO nepexoaHoro cios (0,5-12%).

CTOUT OTMETHTD, YTO I coueTaHus Onoaorunyeckux cioeB CbC3 ne
CYIIECTBYET BBIPAKEHHOTO JJ00aBOYHOTO MaKCUMyMa II0 OCH X. OTO
MIPOMCXOJUT U3-3a TOTO, YTO TAHHOE COUYETaHHE CJIOEB HMeEeT HAUMEHBIIIYIO
TOJIIUHY, U, KaK CIEICTBHE HMEET MEHBIICe 3aTyXaHUE aMILTUTYIbl B
TKaHAX. JIsi Apyrux coueTaHud cJI0eB MaJeHHE aMIUIMTYIbl CHIBHO
BBIPQKEHO, ¥ IPU HOPMHUPOBAHHUU HA MAKCUMAaJIbHOE 3HAYCHUE MTPOUCKOIUT
TIPOSIBIICHUE BCIIECKOB, OBIBITUX PaHee HE3HAYNTEITHHBIMH.

BriBonmr:

1. Bce paccMoTpeHHbIE CIIOCOOBI JAaf0T 3aMETHYI0 KOPPEKTHPOBKY
MECTOIIONIOKEHUSI (POKATBHOTO MSTHA W OKAa3bIBAIOTCSH OJM3KUMH IO
3HAYCHUSM.

2. Bee paccMarpuBaeMble CIOCOOBI KOPPEKTHPOBKH
MECTOMOJIOKEHUST (OKAIBHOTO TMATHA HWMEIT Ccj1abo BhIpaXeHHOE
W3MEHCHHE MHUPUHEI (POKATBEHOTO IIATHA IO OCH X 1 110 ocu Y (Ha 0,1 MM o
ocu y u Ha (0,5 MM IO OCH X).

3.B cpene co crosMH aMIUIMTYAa aKyCTHYECKOTO JaBJICHUS
3HAYMTEIBHO MagaeT. JlononHuTeNnbHOE OCTa0IeHHEe aMIUTUTYAbI 1aBICHUS
MIPU IPUMEHEHUH PA3JINIHBIX CIIOCOO0B KOPPEKTUPOBKU MECTOIOJIOKEHHS
(hokanpbHOTO MATHA TO CPaBHEHHUIO C OOIIMM OCIA0JICHHEM aMILTUTYbI
JIABJICHUS 32 CUET IMPOXOXKAEHUS ClI0eB cocTaBisieT 3-14% (i1 pa3inuyHbIX
COUYCTAHUH CIIOEB).

4. C TOoukM 3peHHS T00AaBOYHBIX MAKCHMYMOB, HWCITOIB30BaHHE
AHTCHHBIX PEHICTOK C OONBIINM KOJMYECTBOM DIIEMEHTOB C TIPOM3BOIBHBIX
pacrosioeHueM 110 IIOBEPXHOCTH aHTEHHBIX PEIIETOK, IPEAOYTUTEIHHO.

1. Hom6pyrosa E.I'., UepnoB H.H. DkcrniepuMeHTanbHass yCTaHOBKA
JUIS MCCIIEAOBaHUsl CIIOCOOHOCTH YNPABJICHHS YJIbTPa3BYKOBBIM MYYKOM
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HCCJIEJOBAHME BJIMSIHUSI HEJTMHEMHOCTH
BHOJIOTUYECKHNX TKAHEW HA TTIPOIECC IMTPOXOXKJIEHUS
VJABTPA3ZBYKOBOM BOJIHBI
Jlazyma M.B., Yepnos H.H.

HOxHbIH (enepanbHBIl yHUBEPCUTET
e-mail: nnchernov@sfedu.ru

[IpoBeneHo MaTeMaTHUECKOE MOAEIUPOBAHNE U3MEHEHUS aMILIUTY L
BBICIIMX TapMOHUK HPH MPOXOXKICHUH Yepe3 OHMOIOTHYECKYIO Cpeay IpH
pa3IUYHBIX 3HAYEHUSX HEIMHEWMHOTro mapamerpa. PaccMoTpeH ciywait ans
OJHOMEPHOW BOJIHBI U ABYMEpPHOro Tyuka. Jlnsi ogHOMEpHOM BOJIHBI Ha
OCHOBE ypaBHeHHsI MpHILIOY pacCUMTaHO M3MEHEHHE BBICHIMX TapMOHUK
BIOJNb OCH PpAacIpoCTpaHEHHsS C Y4eToM 3aTyxaHus u 0e3 Hero. Jlms
JBYMEPHOI'O TIIy4Ka MHCIOJb30Bajock ypaBHeHHe X3K u momydeHo
nonepeuHoe pacmpenencHue. IlomydeHHass 3aBUCUMOCTh pacHpeeiIcHUs
HEJINHEHHOro napaMeTpa BO BHYTPEHHUX OpraHax I[03BOJIIECT BBISIBISAThH
OTJIIMYUS TATOJIOTHYECKUX 0Opa30BaHU OT 3[OPOBBIX TKAHEH, YTO MOXKET
OBITh UCIIONB30BAHO JUTS BU3yAIN3aIlMH BHYTPEHHUX CTPYKTYD.

KnroueBble  cnoBa:  HeNMHEHHBI  mapameTp,  aKycTHdeckas
TOMOTpadusl, BEICIIHE TAPMOHUKH.

STUDY THE INFLUENCE OF NONLINEAR BIOLOGICAL
TISSUE BY THE PROCESS OF PASSAGE OF ULTRASONIC
WAVES
Laguta M.V., Chernov N.N.
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Southern Federal University
e-mail: nnchernov@sfedu.ru

Annotation. The mathematical modeling of the changes of the
amplitudes of the higher harmonics while passing through the biological
environment at different values of the nonlinearity parameter. The case for
one-dimensional wave and two-dimensional beam. or one-dimensional
waves based on equations of Earnshaw calculated the change of the higher
harmonics along the axis of propagation with damping and without it. For
two-dimensional beam equation was used HSK and the resulting transverse
distribution. The obtained dependence of the nonlinearity parameter in the
internal organs allows you to identify the differences of pathological mass
from the healthy tissue, which can be used to visualize the internal structures.

Keywords: nonlinear parameter, acoustic imaging, higher harmonics.

Henuneiinple cBOKCTBa MATKUX OMOJIOTUYECKUX TKaHEH MOTYT OBbITh
WCTOJB30BAHEl I YIBTPa3BYKOBOW BU3YalW3aIlMH, YTO IO3BOJHT
MOBBICUTh KAa4eCTBO HWHTPOCKONHMH. Msrkue OHONOTHYECKHE TKaHH
SIBJISIFOTCSL CJIOKHOM MHOTOMOAYJIBHOM CTPYKTYpPOMH, TIO3TOMY HEJIWHEHHOe
B3aMMOJICHCTBHE aKyCTHUECKMX BOJH CO CpeNoW JIOCTaTOYHO BEJIHKO
[1,2,3]. UccnenoBanus, npoBeeHHbIe sOHCKUMHU yueHbIMU Xiufen Gong u
Dong Zhang [4], mokasaiu, 4TO HEIWHEHWHBIH IapaMmeTp ropasao Oojee
YYBCTBHUTEJICH K H3MEHCHHSIM COCTOSHUS TKAaHEH U UX CTPYKTYpE, YeM TaKHe
TUHEWHBIC XapaKTEPUCTUKH KakK (a30Basi CKOPOCTh U IUIOTHOCTH. B ciydae
M300XOTCHHBIX BKJIIOUEHUIN B Cpedy, aKyCTHUCCKHN WMIENAaHC KOTOPBIX
paBeH aKyCTHYECKOMY WMIIEIaHCy OKPY)KAIOIINX TKaHeH, OTpaKeHHe
aKyCTHUYECKOH BOJIHBI Ha TpaHHIE pasjesia cpel He MpoucxomuT. Yacto
TaKkMe BKJIIOYEHUS CBHJETENBCTBYIOT O HAIWYMM IAaTAIOTHYECKUX
W3MEHCHHUH B TKAaHSAX HAa PAHHUX CTaAUSAX Pa3BUTH. DTU U3MEHEHUS MOTYT
JIETEeKTUPOBATHCSI METOJAaMU HETMHEWHOM aKyCTHKU HAa OCHOBE M3MEpPEHHUS
MapaMeTPOB BBHICIINX TApPMOHHK aKyCTHYECKOTO CHTHAajla, BO3ZHUKAFOIIUX
IIpY Tepexofie aKyCTHYECKOH BOJHBI depe3 HEOJHOPOAHBIC BKIIOYCHUS
[5,6].

B pabore O.B. Pynenko [7], NOCBSIIEHHON MeIUIMHCKUM
MPWIOKEHUSAM HENMHEHHON aKyCTHKH, [OKa3aHO, 4TO IIOJyYeHHe
n300paskeHNUs] BHYTPEHHUX OPTaHOB Ha OCHOBE BBICIIHUX T'APMOHUK SBIISICTCS
6oJee YeTKUM, 110 CPaBHEHHIO C TOCTPOCHUEM Ha OCHOBHOM yactote. Kpome
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TOTO, HCITIOJIb30BAHHC BTOpOfI TapMOHUKH IIO3BOJIACT MOCTPOUTH
ToMOrpaduueckoe HM300paKeHHe, YTO HEBO3MOXHO TIpH pabore Ha
OCHOBHOH 4acCTOTE.

PaCCMOTpI/IM mpouecC perucTpanuu aMIUIMTYAd BBICHIUX TapMOHHK.
HSMeHeHI/ISI, BHOCHUMBIC HCOAHOPOJAHBIM BKJIIFOYCHUCM B aMIUIUTYOAY
BBICIINX TapMOHHK 6YI[6T, OTpaXaTb BCIIMYHUHY HEJIMHEHHOTO napamMmeTpa
[7].

Hamu Obuto TIpOBEEHO MOJCIUPOBAHME HW3MEHEHHUS aMIUIHTY]
BBICOINX TApPMOHUK aKyCTHYCCKOr0 CHUIrHajla HIPU MNPOXOKICHUU 4YCPE3
BKIIIOYEHHE C HEPAaBHOMEPHBIM PACIIPEEIICHUEM HEIMHENHOTO MapaMerpa
Y.

To ectp

Uz, (1)
S(r)N Uz0()’ ' (1)

Usw (1)
((r) m, .............................. (2)

rae &(I) — KBaJpaTHYHO-HeIMHEeWHbIH apametp; {(I) — KyOn4Ho-
HEJIMHEWHBIN TapameTp.
bouin paccMOTpeHBl 1Ba ciydyasi: A OJHOMEPHOM BOJHBI, I7ie
pacnpeseneHue aMIUIMTY bl CUTHAJIA YYUTHIBACTCSA TOJIBKO B HAlpaBIEHUU
pacmpocTpaHeHHsT W OIS JOBYMEPHOTO IIy4Ka, TJ€ H3MCHEHHS
paccMaTpUBaINCh OTHOCUTENHHO MOMIEPEYHOTO paCIpeICICHUS aMILTUTYI.
B cnyuae ogHOMEpHOI aKyCTHYECKON BOJHBI U3BMEHEHUE aMILTUTY/IbI
OymeT TpOMCXOAWTH BIOJIb OCH Z COOTBETCTBYIONIEH HAalpaBICHUIO
pacnpocTpaHEeHHUs.
Jis BBIYMCIEHUS aMIUIMTYJbl OJHOMEPHOTO CHTHAJla HUCIOJIb3yeM
HeJluHelHoe ypaBHeHue VpHiioy [8, 9], 3anucanHoe B BUJe
93 0%&/022
e = Ao @
me(1+2) =1-@+DZE 2+ Do +26)% @

Torna, moacraBus (4) B npaBon 4acTh YPaBHEHUS (3) HOJIy'{I/IM

928 1 8% 9§ 0%¢ 9%¢
ﬁ__g-ﬁwﬂ)&azz Lorno+2() E ®

C

roe (y + 1) — KBaJpaTHYHO-HEJTUHEHHBIN WICH,

6282

27

= (y + 1Dy +2) ( az) P i KyOUYHO-HEIMHEHHBIN YICH.
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Ilone3ysice MetogoMm XoxJIoBa Ui MEIUIEHHO HW3MEHSIOIIETOCS
npouIst, YIIPOCTUM ypaBHEHHE (5) W BBIBENEM aMIUIATYAY U1 BTOPOH W
TpeTed FapMOHUKH.

Inst sroro BBeAeM Manblit mapamerp WU~ (¥ + 1)Awlco ~
(y+1)2xA/A << 1, cuutas, 4TO aMIUTUTYa CMEIICHHS YaCTHUI] CPEIIBI JOJDKHA
OBITH MaJia 0 CPABHEHUIO C JITHHON BOJTHEI.

Ilepeiinem OT HadalbHBIX KOOpPAMHAT X U t K COMPOBOXKIAIOIIUM

KoopauHaTam Zl ut==¢t — Ci , B cootBetcTBHHM C & = F(t=1t—2/Co, 21 = p2).
0

Torma
9%¢  0%¢
a2 9t
a& 1 0¢ a&
9z cpot  Foz

9% 102 2u 9%  , 0%

022~ 2012 cp 070t V' 97,2

[loncraBuB mpon3BoAHEIE B ypaBHEHHE (5), TOTyIUM
2625 2u 0% 1028 10%

0z% g 0z10T  c30t? 3072

_ 0&  10¢ 2625 1u 092%¢
—W*”(“a—zjaa)(“ 2 omor
1 9%¢
t 352
c5 0t
928 1 9%¢

1

= 1 2) (2= ——
+o G+ DI+ )(u 22 e om0t
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cg 0t zZj  €o0z10T ¢§ 0T
B pesynbrare mpeoOpazoBaHUs TOTYIHM
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+—Z U=
0z ¢§ O0t)
IIpunumas € = - KBaJpaTUYHbIA HENUHEHHbIH mapamerp, { =
r+1DG+2) . N
e KyOW4ecKui HeJTMHEHHbIH TapaMeTp, IoayJaem
ou e Odu § o0u
z ¢§ Ot ¢ ot
[lomydennoe BeIpakeHue (6) mpomie ypaBHeHHS (5), MO3ITOMY
BOCIIOJIB3YEMCSI UM Ul BBIBEJCHHSA DpELICHUS Ul BTOPOM M TpeETel
TapMOHUKH.

B NEpBOM HpI/I6.]'H/I>KeHI/II/I YpaBHCHHUE Gerymeﬁ BOJIHBI UMECT BU
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u(x,t) = Asin| w (t — Ci) , @)

0

10

0 | > -
° A

Pucynok 1 — I3sMeHeHHe aMIUTHTYIBl BTOPOUM TapMOHUKH 0e3 yueTa
3aTyxaHus: | — pacmpocTpaHSIOMasics B OJHOPOAHOM cpene, 2 — B cpelie ¢
HM3MEHSIIOIIMMCS HEJIMHEHHBIM TapaMeTpoM

", e

015

0,08

0
1 2 3
I, M

PucyHok 2 — MI3MeHeHne aMIUTUTY 1Bl TpeTel rapMOHHUKH 0e3 y4yera
3aTyxaHus: | — pacmpocTpaHsoNecs B OTHOPOAHOU cpelie, 2 — B cpelie ©
M3MEHSIOLIMMCS HEJIMHEHHBIM [TapaMeTpOM
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Ionp3ysice METOIOM INOCIENOBATENbHBIX MPUOIIDKEHUH, MoTydaeM
pelICHNE yPaBHEHHUS zms[ BTOPOU U TpeTel rapMOHUKU

Uy, = %sm(Za)r) (8)
Uzy = 56;’_:00 sin(3wt), 9)

B npoBeneHHBIX HAMU pacdeTax HEJIWHEHWHBIN MapaMmeTp U3MEHSJICS
IIPY TIPOXOXKICHUH TUIOCKOIM BOJIHBI CIIEIYIONIMM 00pa3oM: Ha ydacTKe OT
0,lmoly=6,orl,l no2y=11,0or2,1 no3y=3,0r3,l no4y=6.Ha
pucyHkax 1, 2 npeacTaBiieHbl pe3yJIbTaTbl pacueTa U3MEHEHHUS aMILTUTY/IbI
BTOPOH U TPETEN rapMOHUKHU.

Ha pucynkax 3, 4 mpexactaBieHO HW3MEHEHHE aMIUTUTYJA BBICIIUX
TapMOHHUKAX MPH KoddumrenTe 3aryxanus o = 0, 58.

W3MeHeHne aMIUIMTy[ BBICHIMX TapMOHHK C yYETOM 3aTyXaHHUs
BBIUHUCIISIEM C HOMOHII)IO CJIEIYIOIIMX BBIPAKEHUIA

Uy = —Sz“’cuo (e72%%7 — e=442) 5in(2wT), (10)
Uy = Gougz “2):30 £ (7202 _ g=6az)sin(3w), (12)

0, M'q

08|

06!

04

0
1 2 3 z, c™

Pucynok 3 — M3MeHeHue aMILTUTYbl BTOPO TApMOHUKH C yUYETOM
3aTyxaHus: | — pacnpocTpaHsIOIasics B OQHOPOAHOU cpefie, 2 — B Cpefie ¢
M3MEHSIOINMCS HeTMHEHHBIM MTapaMeTpoM
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1, Mm/c

0,003

0,002

0,001

0 2 3
1 > Z, ™

Pucynok 4 — MI3MeHeHHe aMILTUTYIbI TPETEi TapMOHHUKH C YIETOM
3aTyxaHus: 1 — pacnpocTpaHsIomascs B OHOPOIHOM cpesie, 2 — B Cpele C
M3MEHSIOMINMCS HETMHEHHBIM TTapaMeTPOM

PesynbraTel TPOBEAEHHBIX pAcUeTOB PACIpPOCTPAHEHHS BBICIINX
TapMOHHK M y4eTOM 3aTyXaHHs 1 0e3 mokasanu, 94to Ay Ha 10 Habmromaercs
M3MEHEHHE OTHOLICHNS aMIUIUTY]] BTOPOM TapMOHUKH B 1,5 pasa, mpu 3ToM
OTHOILICHUE aMIUIUTYA TPeTel TapMOHUKH MeHseTcs B 1,7 pas3a, 4To TOBOPUT
0 TOM, TPEThS FapMOHHKA 00JIee TyBCTBUTEIbHA K N3MEHEHHIO HETMHEHHOTO
napamMerpa.

B ciryyae AByMepHOT0 aKyCTHYECKOTO ITy4Ka, PAacIIPOCTPAaHIIOIETOCS
B OHONOTMYECKHMX TKaHAX, HAC HMHTEPECOBaJio, B IIEPBYI0 OYepenp,
TIOTIEPEYHOE pacTpeieNieHne OTHOLICHUS BBICIIINX TAPMOHUK.

IMpumem, 4YTO  Hame  HEONHOPOAHOE  BKIIOYEHHE  HMEET
3JUIMICOBUHYI0 (OPMYy C TayCCOBBIM paclpefesieHHEeM HEIMHEHHOTo
napaMerpa

—X )2
y(r) =y, + Ayexp [— % (x]a—zj)] (12)
J

TJ€E Yo — HEMMHENHBIN MapaMeTp OJHOPOIHOM Cpebl
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Ay — wMakcuMalbHOE OTKIIOHEHHE HEJIMHEHHOro mnapaMerpa
HEOJTHOPOAHOTO BKJIFOUEHHUS OT OJTHOPOTHOHN CPEJIbI.
Pacnpoctpanenne  aByMepHOTO  C(HOKYCHPOBAaHHOTO  ITydYKa
paccMaTpuBaeM  OTHOCHTENBHO  ypaBHeHHs  XOXJOBa-3a00JI0TCKOI-
Kyznenona (X3K) [10,11]

azp _ E _ aZpZ
010z ZAJ‘p =¢(2) o2’ (13)
JI71st BTOpO# TapMOHUKH
2w
Ziwaz—z—gAlpZ“’ = S,(z,1)), (14)
rae Sy(z,7r)=—4w-e(r) -p®(z,r.) — OYHKIUS HCTOYHHUKOB
BTOPHUYHOTO U3IyJICHHS
y(r)+1
e(z) =———

2

Jns manHOM 3a1aun
S, = —4a)2£(z)p“’,

Bnri

w — — n'l

p®(z = 0,1,) = Ty An exp (- 22,

N3menenune amMIuMTyabpl BTOPOM TapMOHUKM BOJIHBI, IpOLIeALIei

gepes OHMOTKaHb C OJHOPOJHBIM PACIIPECACICHUEM HEJIMHENHOTO mapamMeTpa
w? E (1-i6)1L
—(1-iG)LL-
Uzwo = _277.'_802 Ane a? ,
Co n

H3MeHeHWe aMIDIUTYAbI BTOPOH TapMOHHWKH BOJHEI, MPOIIEAIICH
Yyepe3 HeOJHOPOJHYIO OMOTKaHb

Uzew = Uzo + Uiy

2 20 2
w —(1-iG T
=, O,

[poBeneHs! pacueTs! IIs CIASIYIONKX napamMeTpoB: @/2n = 3.5 MI';
Ay = 4;v0=6; X=8 MM.

PesynbraT MOAENMpOBaHUS ~M3MEHEHHS aAMIUIMTYABI  BTOPOM
TapMOHHUKH BJIOJIb OCH X MPEJICTaBIICH HA PUCYHKE 6.
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1 |

Pucynok 5 — I3MeHeHMe aMILTUTYABI BTOPOI TaApMOHUKH ITy4Ka BJIOJIb
TIOTIEPEYHON OCH X

st TpeTeil rapMOHUKH
W A 930 = S.(2,7)
9z 2 oLbT =934T ),
rae S3(z,1) =—4w- () p®(z,r.) — O(yHKUMS HCTOYHHKOB
BTOPHYHOT'O M3ITy4CHUS

{(2) =
Jna nanHo# 3amaun
S3 = —8w3{(r)p®, (MOCMOTPETH /IS HICTOYHUKA TPETHETO MOPSIKA)
Byr?
w — — L
p“(z=0,r) =X A exp (— PP )
MN3menenue aMIIMTyAbl TpEeTed TapMOHUKM BOJHBI, IpPOLIEALIEH
gyepe3 OMOTKaHb C OJJHOPOIHBIM pachpeielleHHeM HeMMHEWHOTo mapaMmeTpa
w? (1-i6)1L
—(1-iG) "L
Uso = =275 Gz ) Aye™ 7,
Co n
W3MeHeHne aMIDIMTYABl TpeTed TapMOHWKH BOJHBI, IPOLIEIIEH
Yyepe3 HEOAHOPOAHYI0 OMOTKAaHb

Uz = Uzgo + Uil

3w

2iw

v+ D) +2)
c :
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) w® (1-iG) T
vsl = —Zn%—zaz)zznAne

Pesynbrar MozmenupoBaHUST HU3MEHEHHMs] aMIUIMTYIbl  TpeTel
TapMOHHKH BJOJb OCH X IIPEJCTABICH HA PUCYHKE 7.

UL Senld

1 1 1
0 . i 6 b
A m

Pucynok 6 — I3amMeHeHue aMIIUTY/Ibl TPETE TAPMOHHUKH ITydKa BIOJIb
MIONIEPEYHON OCH X

[Momyyennsie Pe3yIbTaTh MOZCIUPOBAHUS MOIEPEYHOTO
pacrpeneneHuss BTOPOH TapMOHHMKH NP PacHpOCTPAHEHUH ABYXMEPHOIO
JUIL IByMEPHOT'O aKyCTHYECKOTO Iy4yKa 4epe3 OHOJIOTHYECKYI0 TKaHb C
HEOTHOPOIHOCTBIO TIO3BOJIHIIN BOCIIPOU3BECTH pacnpeneseHue
HEJIMHEWHOTo MapaMeTpa BIOJb ocd X. [IpoBeneHHBIE pacyeTsl MOKa3aly,
YTO TPEThs FAPMOHMKA OOJIee UyBCTBUTENbHA K H3MEHEHUSIM HEJIMHEHHOTO
napamMeTpa NpuMepHo B 2,2 pasa.

TakuM 00pa3oM, perucTpamust H3MEHEHHS aMIUTUTY]l BBICIINX
TapMOHMK IIO3BOJISICT ONPEAENUTH W3MEHCHUS HEIMHEHHOro mapaMerpa B
OMOJOTUUCCKUX TKAHSIX.

IIpoBeneHHble pacdeTsl Iar0T BO3MOXKHOCTH MU AajbHEHIIero
pelieHus: OOpaTHOW 3alaud: HAaXOXKACHHS paclpeleNicHUs HEeIMHEHHOro
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napameTpa B HEOJHOPOIHOM MaTaIorn4eckoM BKIIIOUEHHUH U MTOCTIeyoIei
BU3yall3allUll BHYTPEHHUX CTPYKTYP.

[Tyrem maTtemaTnaeckoit 0OpabOTKH, MMes N3BECTHYIO 3aBHCHMOCTD
MEXIy HETMHEWHBIM MapaMeTpoM U aMIUIMTYJOH CUIHaja, BO3MOXKHO,
MIPOBEICHUE CKAaHUPOBAaHME M €ro HAXOXKACHUE B KaXKJIOW TOUKE C
HOCNEeNYIOIUM  IpeoOpa3oBaHMEM B JOBYMEpPHOE  M300paskeHuUe
ckaHupyemoil miockoctd. OnHAKO AaHHBIE BOIPOC MPEACTABISAET COOOM
CaMOCTOSITENIbHBIN KPYT 00paTHBIX 3a/1ad.
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Amnnorarus: PaccmarpuBaercst cmocod Bo30YKIEHUSI TIOTIEPEYHON |
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cuctembl. Pa3nenbHoe uCCleloBaHUE MPOJOJIBHON M IMONEpPEeYHOW BOJIH
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OCYIIECTBIACTCS IyTeM H3MEPEHHUs] CKOPOCTH 3ByKa II0 BpPEMEHH
pacnpoCTpaHEeHUsT €ro B HW3MEPUTEIBHOM W  STAJIOHHOW JIMHUSX.
OnmceiBaeTcss  JlabopaTopHast ~ yCTaHOBKa, coOpaHHas Ha  0ase
YIBTPa3BYKOBOTO M3MEPHTEISl CKOpOoCcTH nponsBoscTBa JIDTHU u MeTonnka
MPOBEJCHNSI HM3MEPEHHH XapaKTepUCTUK paclpoCTpaHeHHs BOJH B
OMOJIOTHYECKHX TKAHAX.

KiroueBsle croBa: momnepeyHasi ¥ MpoJ0IbHAs BOJIHA, HCCIIEOBAHUE,
pa3paboTka, pacmpocTpaHeHHe 3BYKa, pe301peodpa3zoBaTeb,
OHMOIIOTHIECKHUE TKAHH

PLANTS FOR RESEARCH TRANSVERSE WAVES IN
BIOLOGICAL TISSUE
Mikhraliyeva A.l., Tishkov R.V., Grivtsov V.V.
Southern Federal University
e-mail: gvv@sfedu.ru

Annotation. The way of excitation of transverse and longitudinal
acoustic waves in biological tissues for the purpose of visualization of
subcutaneous structures of the peripheral vascular system. A separate study
of longitudinal and transverse waves is done by measuring the time of sound
propagation velocity in the measuring and reference lines. Describes
laboratory setup, collected on the basis of the ultrasonic meter speed
production LETI and Methods of measurement of characteristics of wave
propagation in biological tissues.

Keywords: method, research, development, propagation of sound,
piezoelectric transducer.

Bo30yx/ieHHE MOMEPEYHBIX aKyCTUYECKUX BOJH B OMOJOIHMYECKUX
TKaHSAX JJIs [eNeil BU3yaau3alii MOAKOXKHBIX CTPYKTYP mepudepudeckoi
COCY/IUCTOW CHCTEMBI W PA3JMYHBIX MATONOTUH B MSTKHX TKAaHAX B
HACTOSIIEE BPeMs MaJio 3yUYEeHO M3-3a BBICOKOI CKOPOCTH 3aTyXaHUS TAKHX
BoJH. OTHAKO MX MPUMEHEHUE MO3BOJIUT MOBBICUThH KAYECTBO MOIYIaeMOro
M300paKEHUsI U KaK CIIEACTBUE, PAHHIOK U JOCTOBEPHYIO THATHOCTHUKY.

s uccneaoBanust BO3OYXICHHUS W PACIPOCTPAHEHHS MOMEPEUHBIX
BOJIJH B OHOJOTMYECKHMX TKaHAX ObUIa pa3paboTana JlabopaTopHast
YCTaHOBKA, C WCIOJIB30BAHUEM YIIBTPA3BYKOBOTO HM3MEPHTENST CKOPOCTH
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(Y3UC) mnpomssoactea JIDTU. VmporieHHas OlI0K-cXxeMa YCTaHOBKH
IPEJCTABJICHA HA PUCYHKE 1.

B  remepatope = yJIbTPa3ByKOBOTO  HW3MEPUTENS  CKOPOCTH
(hOPMUPYIOTCST  DJIEKTPUUYCCKUE HMITYJIBCHI  MPSMOYTOJIBHONH  (hOPMBEI,
nepeHui (HPOHT KOTOPHIX BO30YKIAaeT B Ibe30IpeoOpa3oBareie yIapHbIi
UMITYJIbC 3aTyXalONIMX KOJeOaHWH. YCTaHOBKA MMEET JIBE€ aKyCTHYeCKHhe
nuau. Pabouune yactotel Y3UC npu npomoibHbIX Konebanusx 1,67 u 5
MI'n, npu mnomepeunbix 1,67 MI1. BeipabaThiBaeMbIii TeHEpaTOPOM
BBICOKOYACTOTHBIN HAMITYJIBC OJTHOBPEMECHHO o1aeTCs Ha
nee30npeodpazoBareny m3Meputenbaoil muann (UJ1) u sTanmonHoi THHUN

().

I'enepar

Pucynok 1 — Cxema yCTaHOBKH JUIsl HCCIIEAOBaHUS BO30OYKICHUS U
pacIpOCTPaHEHUS ITOTIEPSUHBIX BOJH B OMOJIOTHUCCKUX TKAHSIX.
1 — npeobpa3zoBatenu, 2 — OypepHbIe cTaabHBIC 3BYKOBOJIBI, 3-
oOpa3elr OMOTKaHU, 4 — MUKPOMETPUUYECKHAN BUHT, 5 — dTaIOHHAS
KUIKOCTD

B mbpe3onpeoOpazoBaTensX  ANEKTPHUECKHE  BBICOKOYACTOTHBIC
UMITYJIbChI TIpeo0pa3yroTcs B Y3 UMITYJIbChI, KOTOPBIE PACTIPOCTPAHSIOTCS
B 3TaJIOHHOW NUHUU DJI B KuAKOCTH 5, a B u3MepureiabHou suann MJI
POXoaAT yepe3 OydepHbIe CTaabHBIC 3BYKOBOBI 2 U 0Opa3er OnoTkaHu 3.
[potins yepes HUX, OHM BHOBB MPEBPAIIAOTCS B AJIICKTPUICCKUE UMITYJIIBCHI,
KOTOpBIC TIOCIIE YCHJICHHS TIOJAIOTCS Ha 3JCKTPOHHOJIYUYEBYIO TPYOKY
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(BJIT). Bpamass MUKpOMETPHUYECKHA BUHT 4, U3MEHSIOT PACCTOSTHHE MEXKTY
mee3ompeodpazoBaTensiMu 1 dTanmoHHOM nwHUH. [Ipy 3TOM U3MeHseTCs
BpeMsl HpoxoxaeHns Y3 mmiynsca depe3 OJI, uTo Ha skpaHe mpubopa
HaOJro1aeTCs Kak CMeNIeHUe N300pakeHHsI PaaHONMITYIIbCa.

DJNeKTPoaKyCTHYeCKUMH TIpeoOpa3oBaTesIMU CIy)KaT KBaplieBbIe
ITaCTUHBI X-Cpe3a Ha NMPOJOJbHBIE BOJIHEL U Y-Cpe3a Ha monepeuHsle. B
MEePBOM yJapHBIH HMMITYJIBC 3aTyXaloIIUX KoJeOaHWH TPOXOAWT depes
obpaszenr OMOTKaHM Ha TIPUEMHBIH Ihe30mpeodpazoBaTenb. BricoTa
oOpasioB OnoTkanel paBHa 12 MM, amamerp He MeHee 15 mm. Bropoit
TaKOW K€ WMITyJbC TPOXOAWT dUepe3 CJOoil JKUAKOCTH (CMech
JUCTUILTUPOBAHHOMN BOZBI " 3THIIOBOTO CIIUpTA). 3anHuii
(pPOHT TPSMOYTOJIBHOTO HMITYJIbCAa 3alyCKaeT CIEeIyIOUIyl0 pPa3BEepTKy
AJIEKTPOHHO — Jy4eBoil TpyOku (DJIT), uTo obecrneynBaeT MHIUKAIIUIO HA
skpane DJIT oxgHOBpeMEeHHO 00eHX TOCICHOBATEIBHOCTEH 3aTyXaroIux
konebanuii. C MOMOIIBI0 MUKPOMETPUYECKOTO BHHTA, U3MEHSSI TOJILUHY
CJIOSl KHUIKOCTH, UX MOXXHO COBMECTHTb. DTO COOTBETCTBYET PABEHCTBY
BPEMCH, 3aTPAaYCHHBIX Ha MPOXOXKACHUE YIHTPA3BYKOBHIX BOJH TOJIIHHBI
obpa3ra OMOTKAaHW M CIOS KXUAKOCTH. VI3MepeHus: MPOBOISITCS: IBaXKIbI
CHayaja Mpu OTCYTCTBUHU B M3MEPHUTEIBHON JMHUU 00Opasla ONpelensioT
I1;, 3aTem BBOzAT 0Opasen u HaxosT [1,. Eciy ckopocTh BOTHBI B XKHIKOCTH
paBHa ¢, TO UCKOMYIO CKOPOCTh YIPYTOH BOJHBEI B HCCIETyeMOM 0Opasiie
HAXOJAT U3 COOTHOLICHHS

c= (niz - 1'11) Coc-

[lpu BpameHMH MHUKPOMETPUYECKOTO BHHTA PACCTOSHUE MEXKIY
MbE3MPe0Opa30BaTEIIMU STAJOHHON JINHUN MEHSIETCS U IPU MUHUMAIIbHOM
pacCTOSHUKM MEXIy IpeoOpa3oBaTesIMA PaJIUOUMITYSIbC HAXOJHUICS B
JIeBOH YacTu 3kpaHa (puc.2a).

Ramauii

a) o)

Pucynok 2 — [lonoxeHnue paguoummynbca Ha skpane DJIT
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Ilpu yBenu4yeHUM paccTOSHHS MEXIYy HUMM OyIeT pacTH BpeMms
MPOXOKACHUS PalMOMMITYJIbCca B 3TAJIOHHOM KUAKOCTH, YTO Ha 3kpane DJIT
OyzmeT OTMEUeHO KaK CMEIICHNE CHHYCONAIFHOTO MaKeT (paarionMITyIbCa)
BIIPABO Ha HECKOJIBKO JeieHuit (puc. 20). i3MepurtenbHas JIUHUS IPU 3TOM
JIOJDKHAa OBITh OTKIIOYeHA. Ecny mpH yBEIMYEHWH DPAcCTOSIHUS MEXTy
Ibe30IpeoOpa3oBaTeNsIMA Ha {x MM PaJIMOUMITYJIEC CMECTHIICS BIIPaBO Ha
AN, IeNeHuid, TO MOXKHO JIETKO PAcCUUTATh IIEHY AEIEeHH Kbl Iprudopa
T B MWUIMCEKYHaX:

/

rT=—,
An_V_
rae V. — CKOpOCTh MPOAOIEHOTO 3BYKa B )KUIAKOCTH B M/C.
Tenepp, ecnu W3MEPUTh KOJMYECTBO JACJICHHM AN, Ha KOTOpOE

CMECTHUTBCS PAIHOUMITYJIEC OT HM3MEPHUTEIBHON JIMHUH C 00pasloM, TO
MO>KHO PacCUUTaTh CKOPOCTH MPOIOJIEHOTO 3ByKa B 00pasIie:

/
V, =—
' Ant

rae £ — juyiHa obpasia B MM, VL — CKOPOCTh TPOJIOJIBHOTO 3BYKa B
oOpa3iie B M/C.

st onpeieniennst CKOpOCTH 3ByKa B o0pasiie He00X0UMO 3HATh V.
B kaudecTBe STaNOHHOW XHUIKOCTH HCHONB3YIOT DPa3IUYHBIC BEIIECTBA.
Haubonee pacnpocTpaneHHOI sSBISETCS BOJA, CKOPOCTh PACIIPOCTPAHCHHS
Y3 BONHBEI B KOTOPOW 3HAYHTENHEHO 3aBHCHT OT TeMIeparypsl.  Jlms
YMEHBIICHUS TEMIIEPATYPHOU 3aBHCHMOCTH B BOJY J00ABIISIOT THIIOBBIMA
CITHPT.

[lorpenrHoCTH aKyCTHYECKOTO KOHTAKTa, CBSI3aHBl C HM3MEHEHHEM
BPEMEHU MTPOXOXKICHHSI IMITYJIbCa Yepe3 CI0H KOHTAKTHOM XUIAKOCTH. Eciu
3TO BpeMsI BKIIOUEHO B M3MEPSIEMBI MHTEpBal BpeMeHH |, To nu3Mepsiemast
TOJIIIIMHA 3aBBILIACTCS HA BETHIUHY

Ahg = 2Ahycy/Cy,

TNe Cy U C; — cKopocTH 3Byka B OK (M3menun) u )KUIKOCTH, a Ay
— TONIUHA CIOS KUAKOCTH. COOTBETCTBYIOIIYIO MOTPENTHOCTh MOYKHO
OBLTO OBl Y4ECTh KaK CHCTEMaTHYECKYI0, OJJHAKO TONIIMHA CIIOS H3MEHSETCS
M3-3a pa3HOU MIEPOXOBATOCTH MOBEPXHOCTH OMOTKAHHU U CTETIICHU MIPYDKATHS
npeoOpaszoBarens. B pe3yiabTare MOTpenrHOCTh CTAHOBUTCS CITy4aiiHOM.

PaspaboTanHas ycTaHOBKa IO3BOJISIET ONPEHCIUTh CKOPOCTH
MIPOJIOJILHOM M MOTIEPEYHOM BOJIH C MOTpENTHOCTRIO He 6oee 0,5...1,5 %.
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KBA3BUCTATUYECKUIA CEHCOP MATHUTHOT' O MOJIA J1JIs1
JETEKTUPOBAHUS MAJIBIX MATHUTHBIX ITOJIEN B
BUOJIOI'MU U MEJIMITUHE
Paouenxo I'.C.

IOxub1it denepanbuelii YauBepcurer, HUM ®uzuku IOOY
e-mail: grig1980@mail.ru

Amnnorarus. B Hacrosmeit pabore TeopeTHIeCKH OMUCaH M3THOHBIN
CEHCOp «MarHAT-METaJUI-ITbE30JICKTPUK» c HanOOIBIIAM
IKCIIEPUMEHTAIHHO OMPEACICHHBIM MAaTHUTOAIEKTPHYECKIM OTKINKOM. Ha
OCHOBE PE30HAHCHOW MOJICITH IOIEPEUYHOT0 HM3TH0a CTPOUTCS YacTOTHAS
3aBHCUMOCTh MarHUTORJIEKTPHYECKOTO KodddumuenTa. [IporHosupyercs
ONTHUMANIbHAS TOJIIWHA MHE30KEPAMHUKH MJISi IIOBBIIMICHUS BBIXOIHOTO
HampsbkeHus Ooyiee yeM B JBa pasa. BmepBbie oOHapyxkeH 3¢dekT
AHTUPE30HAHCHOTO MOJIABJICHU KOJeOaHNi B 00JIaCTH TPEThETo U3TUOHOTO
pesoHanca Ha d4actore 95 Hz. OcHoBHble pe3yibpTaTel PabOTHI
CPaBHUBAIOTCSI C OSKCIEPUMEHTOM H JIEMOHCTPHUPYIOT C HHM XOpOIIee
corJiacue.

KiroueBble cioBa: CEHCOpBI, MarHUTHOE II0JIe, IThe30KepaMHKa,
AHTHUPE30HAHC.

QUASI-STATIC MAGNETIC FIELD SENSOR FOR DETECTION
OF SMALL MAGNETIC FIELDS IN BIOLOGY AND MEDICINE
Radchenko G.S.

Southern Federal University, Institute of Physics SFedU
e-mail: grig1980@mail.ru

Annotation. The present research is devoted to the theoretical
description of bending sensor “magnet-metal-piczoelectric” with the greatest
experimental determined magnetoelectric response. On the basic of the
resonant bending model we determine the frequency dependence of the
magnetoelectric coefficient. We predict the optimal thickness of the
piezoelectric ceramic for the more than twice amplification of the output
voltage. At the first time we observe the antiresonance effect of oscillation
damping at the frequency of 95 Hz. The basic results of the present research
are compared with the experiment and are in good agreement with it.

231



MenuiuHcKre HHPOPMAITMOHHBIC CHCTEMBI

Keywords: sensors, magnetic field, piezoelectric ceramics,
antiresonance.

B HacTosee Bpemsi pa3BUTHE COBPEMEHHON TEXHHKH PE30HAHCHBIX
NATYAKOB  HEBO3MOXKHO  0e3  (u3HYecKkoro  MOJAENHpOBaHUS  HX
3QQEKTUBHOTO OTKJIMKA. OJTO JenaeT HEOOXOAMMBIM IIOCTPOCHHE
($U3NIEeCKUX MOJETICH, aIeKBAaTHO ONMUCHIBAIOIINX (PH3HUYECKUE IPOLIECCH B
Takux mnpuOopax. B Hacrosmeidl paboTe paccMaTpuBaeTcs H3THOHBIN
pPE30HAHCHBI ~ JAaTYMK  MArHUTHOTO  TIONS, HEJaBHO  CO3JaHHBIN
IKCTIEpUMEHTANIBHO B pabore [1]. ABTopamu ycrpoiicTsa [1] ObIT fOCTHTHYT
HanOOJIBIINN U3 KCIIEPUMEHTAIBHO MOMYYEHHBIX MAarHUTOIEKTPHIECKUX
(MD) koadpdunmentos, paBueii 16000 V/(cm-Oe). OTMeTHM, YTO 0 CHX
MOp pPEeKOpAHBIM 3HadyeHHeM MD ko3¢ ¢uIMeHTa M0 HANpsHKEHUIO B
KOMIIO3WTHBEIX ~Marepuanax Obsuio  3Hadenume 751  V/(em-Oe) [2].
DKCIEePUMEHTAIFHOE MOTyYSHUE CTOb KOJIOCCAIBHBIX BEJINYHH TOBOPHUT O
TOM, YTO OIIMCHIBAEMBIH PHOOP MPUTOACH [T IPAKTHYECKOTO TPHUMEHEHHSI
B OTCYTCTBHE ITOJMarHW4MBaromero mnois. IlomHoe MopennpoBaHne
neGOpMaMOHHBIX TIOJIE B W3TMOHBIX MHE30JaTUYMKaX Ha Pa3IHIHBIX
94acTOTax COJCPKUTCs B MOHOTpaduu [3]. OmHaKo 10 CHX TIOp B JIUTEpaType
OTCYTCTBOBAJIM aHAJMTHYECKHE MOJIENH, OIHUChIBatomume pabory MO
naTyukoB [ 1] Ha ocHOBe [3, 4].

Pacemotpum cencop [1] (puc. 1) B TpexMepHO# cucTeMe KOOpAUHAT.
Ha mpaBom kparo mimacTHHBI OJ ACHCTBUEM MPUIOKEHHOTO MAarHUTHOTO
MOJISl BO3HUKAST MarHuToMexaHmdeckuii (MM) MOMEHT, 9TO TPHUBOIUT K
IUHaMHYecKoil nedopmannu (komeOaHHAM) CTPYKTYPBI. 3aXKaThld JIEBBIN
Kpaii mprOopa COBMECTHM C HauaJloM KOOPJIMHAT, OCh X HAIIPaBUM T10 JJTHHE
npubopa, Och y MO HIMPHHE, a OCh Z MO TOJIIMHE CTPYKTyphl. Hawano
KOOpJIMHAT BBIOEpEM B T€OMETPHYECKOM IIEHTpPE 3a)KaTOro JIEBOTO Kpas
MeTaJNTMYecKOr TacTuHbl. OCHOBHBIM JU(QEepeHIINATbHBIM YpaBHECHUEM
IUTST MEHSIOIIEHCsT BO BpeMEHH HM3ruOHO# nedopmanuu Oynmet (1) [3, 4],
3amrcaHHOe HIDKE:

o'z p'F 0z
—+—5—7=0
oxt Y J, ot?
3nech Z — BeJIMYMHA TIONEpeYyHoro wusruba, t — Bpewms,
pLF LY m, — 3 QeKTUBHBIE TUIOTHOCTb, IUIOMIAAb, MOIYyIb HOHTa n

0CEBOM MOMEHT HWHCPUHU NOMNCPEYHOI'0 CCUYCHHSA CTPYKTYPBHI. I/ICXOILH nus3
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reomeTpuu ceueHus [1], adhekTUBHBIN 0CEBOIl MOMEHT MHEPIIUH CEHCOpa
hl:iWP + h;thp + hr?‘lwm

3 2 12
MIMPUHBI ~ METAUIMYSCKOW  IUIACTHHBI  (HIDKHWHA —~ MHIEKC M) H
MBE303TCKTPUICCKAX  CIIOeB  (HWKHUH WHIEKC [) COOTBETCTBEHHO.
OddexruBHbIT Momyns HOHTa BBEIYMCIAETCS METOIOM YCPEAHEHHUS IO
00beMy ceueHus CeHCopa.

. 3meck h 1 W ecTh TOJIIUHEI U

Oyzner paBeH J; =2

clamping agnet
ol /m

piezoelectric —
x /melal Fo

A l
v |

L '

m, g m.g
Y
(o) T X

Pucynoxk 1 — I'mOpugHas cTpyKTypa «MarHHT-MeTaJll-TIbe303JIEKTPHK» BO
BHEIIIHEM MAarHUTHOM I10J1€

Pemenuem ypaBuenus (1) sBusercs ¢ynkuus (2) mpoaoiabHOM
KOOpJHMHATHI X U BpEMEHU {:

2(x,t)=(A-sin(a-x)+B-cos(a-x)+C-sh(a-x)+ D-ch(a-x))-sin(w-t)

Benuuuna a paBHa ( LF: J_wus. Taxxe B (2) A, B, C u D ecTh KOHCTAHTHL.
y

Hcxona u3 reomerpun [1], rpaHUYHBIMYM YCHOBUSMHU i (2) SIBISIFOTCA

CIIEYIOIIE COOTHOILIECHUSL:

dz
Dnopux=0: z,_,=0; i =0 (ycnoBue OTCYTCTBUS N3TUOHBIX
x=0
JehopMalvy U YIIIOBOTO OTKIIOHCHHS 30KaTOro Kpas mprubdopa)
2)upu X = ln (Im ecTh muHA METAUTHYECKON IUIACTHHBI) !
d’z  JVH d’z

F =—— (CBS3b KPUBHU3HBI CTPYKTYpHl ¢ MM MOMEHTOM); F =0
X X
y
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(ycioBue  OTCYTCTBHS  TOTNEPEYHOW CHJIBI  HW3-32  BEPTHKAIBHOTO
pacrionoxenus mpudopa B [1])

3meck J — HAMAarHWYEHHOCTh MarauTa, paBHas B [1] 1,1 T, V — o0beMm
Marauta, H = 0.05 Oe ectp amMmiuTyaa BETHYUHBI TPUIOKEHHOTO
MAarHuTHOT'O MOJIS.

W3 rpaHMYHBIX YCIIOBUIA TOydyaeTces pemmenue it Gynxuun Z(X,t).
B nonHOM cOOTBETCTBUY ¢ AMHAMUYECKUMH pelieHusIMH [3 ,4] 11s 3axkaToit
C OJTHOTO Kpast CTPYKTYPhI YpaBHEHHE JJIs1 YaCTOT OyIET BBITIISACTH Tak (3)

ch(al,)-cos(al,)=-1

HauMenbuii KopeHs 1aHHOTo ypaBHeHus alm = 1,875 cooTBeTcTBYET
4acTOTE OCHOBHOI'O TOHA, KoTopas paBHa 5 Hz [1]. Otcrona onpenensiem

3¢ (eKTHBHYIO BEIUYHHY PF  Beeit CTPYKTYpBl ISl JajbHEHIINX
Y'J,
y
pacyeTos.
OcHOBHBIC ypaBHEHHUS Tbe303(PpeKTa MOTryT OBITh 3alHCaHBI
CIIEAYIOIUM 00pa3zoM (4)
$,() =T,(0)/Y" +dy (%)
D, (%) = dy, T, (X) + £53E5(X)
d?z(x,1)
dx’
T,(X), E;(X) sBusroTcss reHepupyeMBIM IIPOJONBHBIM MEXaHHYECKHM

3neck S (x)=-Z €CTb KpHBHM3Ha CeHcopa, (QyHKINH

HANPSDKEHUEM W 3JIEKTPHYECKUAM MMoJieM, (31 M €33 — 3TO MbE30MOIY/Ib U
JIU3JICKTPUYECKasi MPOHUIAEMOCTh IbE303JIeKTPUKa, Z — eCTh IOIepeyHas
koopauHaTa. OCHOBHBIM T'PaHWYHBIM YCIIOBHEM [5] SABISETCS PaBEHCTBO
HYJIO DJCKTPUYECKON HWHAYKIIMM HA TPAHUIE paszeia «Ibe303JICKTPHK-

BO3IYX» D3|Z_h =0 [5]. Hoxacraenss B (4) BeIpaxenue Wi AedopMaum
-
obpasia yepe3 HaiaeHHy0 QyHKIH0 Z(X,t) U ycpemHss 1o KoopauHate X,

MOJTy4aeM HMTOTOBOE BBIpakeHHE (5) it A((EKTUBHOTO TEHEPHPYEMOTO
HaIPsDKEHUSL:

:_EL(W)Z%U )
Ip ‘933(1"(321) dx*°
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20, * 0.5
3nech k3l:(dfi1_Y\J ecTb KO3(h(HUIMEHT 3IEKTPOMEXaHUIECKOH
€3

CBSI3U CTPYKTYPHL.

Ha puc.2 m3o06paxkena pacdetHasi 3aBUCHMOCTE MD ko3 durnmenTa
M0 HAIPSDKEHUIO OT YacTOThI MPHIIOKEHHOI'O0 MAarHUTHOTO MOJISI COIVIACHO
napamerpam [1]. BuaHO, 4TO B OKpPECTHOCTH TepBOTO pe3oHaHca [1]
pe3ynbTathl B 1.6 pa3a 3aHMKEHBI IO CPAaBHEHUIO € 3KCIIEpUMEHTOM [1]. D10
CBS3aHO C TEM, YTO B HACTOAIIEH MOIENM HE YUYHTHIBAIOTCS
MarHUTOCTPUKIMOHHAS  AedopMamuss MarHuTa © €ro  MarHuTHas

MPOHHUIACMOCTD KaK (l)aKTOpI)I, BJIMAOINHC HA BEJINYHUHY MM momMmeHTa.

a, (Via)

|

/ /\ /

(1)
Pucynok 2 — YacToTHast 3aBHCHMOCTE pacueTHOro MD koadduimeHTa mo
Hanpspxernto M3 cercopa u3 [1] mpu mapamerpax [1] B obmacTu 9acrtor,
XapaKTepHOU JJIsl M3TUOHBIX PE30HAHCOB TAaHHON CTPYKTYPHI

Ha puc. 3 uzobpaxena 3apucuMocth M3 koaddurmenta (kpusas 1)
U TEHEPUPYEMOTO HANIPSHKEHUS (KpUBast 2) OT TONIIUHEI Mbe30ciios. 13 puc.
3 BHIIHO, YTO aBTOPHI [ 1] oNTHUMAaJIEHO MTOI00paTH TOJIIIUHY MTbE30KEPAMUKH
JUISL TIONydeHUsT HauOojbimero MDD Ko3(pHUIMEHTa IO HaMPsHKCHHUIO.
OpHako Ans TOJYYEeHHS HAMOOIBIIEr0 T'€HEPUPYEMOTO HAIPKCHHS
TONIIMHA KEPaMUKM JOJDKHA ObITh TOBBINEHa 10 2.25-10% m. Dto
o0ecrneunT yBeMIeHHE TEHEPHPYEMOTO HAIIPSHKEHUS O0Jiee UeM B JIBa pasa
B pexuMe XoJo0cToro xoaa. Kak BumHo u3 puc. 3, ono moxet gocturath 700-
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800 V, 4To sBHACTCS MOCTATOYHBIM I IIHPOKOTO MPAKTHYSCKOTO
MPUMEHEHHUS JAHHOTO CEHCOopa.

a;, UW)

10000
1
1000 ¢
100 ¢
10
1L
0.1 . i i ; i
0 0.0002 0.0004 0.0006 0.0008 0.001
h, (m)

PucyHok 3 — 3aBHCHMOCTB pacueTHOTO TreHepupyemoro MO
koa(durmenta (kpusas 1) 1 MO HanpsbkeHus (KpuBas 2) ceHcopa
MarHUTHOTO TOJIs [ 1] OT TOJIIIMHEI TBE303JIEKTPUUECKOTO CIIOSL.
IMapameTpst asst pacuetos (kpome hp) mpemcrasiens: B [1]

1. Liu G, Li X., Chen J et al. // Appl. Phys. Lett. 2012. V. 101. P.
142904 (1-4).

2. Patil D.R., Chai Y., Kambale R.S. et al. // Appl. Phys. Lett. 2013.
V. 102. P. 062909 (1-4).

3. Ballas R.G. Piezoelectric Multilayer beam bending actuators.
Berlin-Heidelberg. Springer Verlag,. 2007. 353 P.

4. ®eonocweB B.U., ConporuBnenne marepuaio, M. U3marenscTBo
«Haykay, 1967. 552 c.

5. Wu N., Wang Q. and Quek S.T. // J. of Sound and Vibration. 2010.
V. 329. P. 1126-1136.
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CUCTEMA PETUCTPAIIUU OIITUKO-AKYCTHUYECKOI'O
CUTHAJIA B KUJIKOCTH
Kpasuyx /[.A.
HOxHBII penepabHBI yHUBEPCUTET
e-mail: kravchukda@sfedu.ru

AnHoTanms. B paGore paszpaboTaH BUPTYaldbHBIA NPUOOP IS
perucTpanuy, 3amucd M 00pabOTKM  aKyCTHYEeCKOro  CHTHajia
c(OPMHPOBAHHOTO B pe3yibTaTe I'€Hepanud 3ByKa C MOMOIIBIO ONTHKO-
aKyctudeckoro s¢dexkra B kuakocTd. [lpoBeaeHa mMoArotoBka K
9KCHEPUMEHTY TPH IOMOIIA MOJISIIUPOBAHUS aKyCTHYECKUX CHTHAJIOB
B030yX/aeMpIX Jla3epoM B OJKHIKOCTH. PaspaboraHHas cucrema
perucTpanyu 1 o0paboTKH CUTHaja ¢ TOMOIIIbI0 BUPTYaJILHOTO TpUbopa Ha
6aze LabVieW mony4eHHOr0 ONTOaKyCTHYECKOrO CHIHAJA.

KiroueBsle crmoBa: aKyCTHYECKHI CHTI'HAJ, ITporpaMma oOpaOOTKH |
¢rtpTpanmn.

REGISTRATION SYSTEM OPTICAL-ACOUSTIC SIGNAL IN
LIQUID
Kravchuk D.A.
Southern Federal University
e-mail: kravchukda@sfedu.ru

Annotation. In the virtual device is designed for the registration,
processing and recording of acoustic signals generated as a result of the
generation of sound using the opto-acoustic effect in the liquid.
Preparations for the experiment using simulation of acoustic signals in a
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liquid. The developed system of registration and signal processing using
a virtual appliance based LabVieW received photoacoustic signal.
Keywords: acoustic signal processing and filtering program.

Onroakyctuueckuii (OA) sddexr Bmepseie HaOmoman A. bemr B
1881 r., 3aMeTHBIIUI MyJIbCAllMU JaBJICHHUS B 3aMKHYTOM OOBeMe rasa,
MOTJIONIABIIET0 MOJAYJIMPOBAHHOE MO0 HHTEHCUBHOCTH HH(ppPaKpacHOe
u3nydeHne. bemn  mpemyokumi  MCIoib30BaTh  3TOT  AGQeKT s
HCCIICZIOBAHUS CIEKTPAIbHON 3aBHCHMOCTH TIOTJIOMICHUSI CBETA Ta3aMU H
mapamu.

Onroakyctnka — 00JacTh HAyYHBIX 3HAHUH, OXBATHIBAIOIIAS
3G ¢exTsl  BO30YXIEGHUS  3ByKa  JIA3€PHBIM  HMMITYJbCOM WM
MOJIyJTUPOBAHHBIM I10 WHTEHCHBHOCTH CBETOBBIM ITYYKOM. METOIUKY C
KCIOJIb30BaHueM omnroakyctuueckoro (OA) addexra ans ucciaeaoBaHUus
KPOBU MOXKHO Ha3bIBaTh «ONTOAKYCTUYECKOW IMTOMETPUEH TIOTOKa KPOBH,
MOTOMY YTO OHa TI03BOJISIET MOJICUYUTHIBATh U KIACCU(PUIIPOBATH KICTKH B
KPOBOTOKE, ITOJOOHO  OOBIYHOH  IIMTOMETPHH, OCHOBAaHHOH  Ha
(IyopecieHTHOM M3yIeHUH TIOTOKAa KPOBH, B KOTOPOH KIETKH YIPaBIsIEMO
MPOTEKAIOT Yepe3 CTCKIITHHBIC KaUISPHL

JloCTOMHCTBA METOJIOB ONITOAKYCTHKH:

- B CpPaBHCHHU C JIHMATHOCTUKOW METOJaMH CTaHIapTHOM
CIIEKTpOPOTOMETPUH M KOTEPEHTHOH  ONTHYECKOW  Tomorpaduw,
YyBCTBUTEILHOCTh (hoToakycTHUYECKOM (omToakycTHUECKOH)
CIIEKTPOCKOITHHU OKA3EIBACTCS BBIIIIC

- TpU peamu3alid ONTOAKyCTHYEeCKOH ToMorpaduu, ITOCTHTAaeTCs
Ooylee BBICOKas paspemaronias CIIOCOOHOCTh IO CPaBHEHHIO C YHCTO
ONTUYCCKIUMHU METOTaMHU

- OoJiee MepCIEeKTUBHBI B CPABHEHUH ¢ MeToIaMu arcTo Y3U

[puHuMI paboTHI TEIUIOBBIX ONTOAKYCTHYECKHX aHTEHH OCHOBAH Ha
SBJICHUM TEIUIOBOTO M3MEHEHHsI 00beMa BOJbI, MOTJIOTHBLIETO SHEPTUIO
My4YKa DSJICKTPOMATHUTHBIX BOJNH. MoOIynupoBaHHAs MO WHTCHCHUBHOCTH
AIIEKTPOMArHUTHAs BOJHA (HAIpUMeEp, CBETOBAs) IMajaeT W3 MPO3PadHON
cpensl (BO3AyX) Ha IpaHUILy pa3zieia ¢ HOoriomaromeii cpenoi (Boma). Jta
BOJIHA TEPSCT CBOIO DHEPIHIO B CJIOC BOJBI C XapaKTEPHOW TONIIUHON W
BEI3BIBACT MOTICPEMEHHOE BO BPEMEHHU M3MCHEHHUE ee TeMIepaTypsl. M3-3a
HarpeBaHus MPOUCXOJUT U3MEHEHUE 00beMa CJI0s, KOTOPBIH paclIUpsIsCh,
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BO30y)KJaeT B  BOJIE 3BYKOBYIO  BOJHY TOJIOOHO  OOBIYHOMY
NIEKTPOAKYCTHIECKOMY TIPeoOpa3oBaTeio.

Bo30yxaeHne aKyCTHUECKMX BOJH HpPH BO3JACHCTBHM JIa3€pPHOTO
M3JIy4eHHs] Ha BEIIECTBO IPOUCXOJUT 3a CYET CIEAYIOIIUX 3(PQEeKTOB:
9JIEKTPO- W MarHUTOCTPUKIMH, TEIJIOBOro 3(dQeKTa, IaBIeHHS CBETa,
KOHIIEHTPAaMOHHO-epopMalnOHHOTO MexaHu3Ma. llpu sTom konebGanus
BO30YXK/IAIOTCS HAa  4YacTOTe MOAYJSIMHA  WHTEHCUBHOCTH  CBETa,
nornaaaroiei B akycTHueckuid auamasoH [1, 3].

TenmoBoit MEXaHNU3M CBSI3aH C HEOJTHOPOIHBIM JIOKATEHBIM HATPEBOM
W pacIIMpeHneM CpeAbl MPU MOTJIOMEHHN B Hell Ja3epHOro m3mydeHus. B
IIAPOKOM [Halla30He 3HaueHWH KO3()(UIMEHTOB MOTJIOMIEHHUS CBETa M
YacTOT MOJYJSALUUM HMHTEHCUBHOCTH JIa3epHOTO W3JIYYSHHS TEIUIOBOM
MEXaHM3M BO30YXKIEHHs 3ByKa SIBISIeTCS OCHOBHBIM. [lapamerpsl
B030YK/1a€MOT0 JIa3ePOM aKyCTHYECKOTr0 CHI'HAJA 3aBUCST OT ONTHYECKHUX,
TEMO(OU3NYECKIX M aKyCTHYECKHX I[1apaMeTpPOB MOIJIOMIAOIIEH cpe/bl.
[MosTOoMy TepMmoomnTHYecKOe BO30YXKIeHHE 3ByKa IIMPOKO MPUMEHSETCS B
3aadax JUAarHOCTHKH YKa3aHHBIX MTApaMETPOB.

Cuctema perucTpaliy aKkyCTHIECKOTO CUTHAJIa TIPeICTaBIAeT cO00H
BUPTYaJbHBII MpUOOp, CO3AaHHBI B mporpammHOil cpeae LabVIEW.
Hannas cpena BkIrouaeT B cebs mpoxykiuio kommanuu National
Instruments, a nmMeHHO, MOIYNIBbHBIN M3MepuTenbHBIN Komiuieke NI PXI —
1042Q. Monyneublii  m3MeputenabHbiii  kommuieke NI PXI 1042Q
NpeJHA3HAYeH yJOBJECTBOPEHUS IMOTPEOHOCTEH IIMPOKOTO  CIEKTpa
UCTIBITAaHUN. VI3MepuTenbHbIE MOIYNH, YCTAHOBICHHBIE B HEM MOTYT
3aMEHSTHCS Ha APYTHE B 3aBHCHMOCTH OT ITOCTaBIICHHOH 3amaun. Tak xe,
i ynoOHocTH B ympaBieHun PX| MoxkeT OBITh OCHAIlEH MOJAEITBHBIM
KOMITBIOTEPOM, UTO JIeTaeT €ro yI00HBIM B UCTIOJIH30BAaHHH.

VYcraHoBKa Ui BO30YXKIEHHS ONTOAKYCTHYECKOTO CHTHajla B
JKUJIKOCTH ObLJIa IOCTPOSHA C MCTIONB30BaHUEM Jlazepa, Mojaens LIMO 100-
532/1064-U na ocuoe Nd:YAG nasepa ¢ GUKCHPOBAHHOM TMHON BOJIHBI
1064 HM, AIUTENBHOCTBIO HUMIyJbca 84 HC. AKYCTUYECKHMH CHUTHAN
NPUHUMAJICS TTbe30KepaMuieckuM npeobpazoaresem mapku L{TC-19. [1, 3,
4]

Jns peructpanuu, 3amicd M oOpaOOTKH aKyCTHYECKOrO CHTrHaja
ucnoib3oBaics PXI 6but 2-x xanameHbIH mudpoBoit ocummtorpad NI PXI —
5152 u onHokaHanbHEIM TeHepatop curHanoB NI PXI — 5212, B nanHoM
BUPTYQJIILHOM MPHOOpE HaMH CO3[aHbl NPOTPaMMHbIC (PHUIBTPBI BBHICOKHX
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9acTOT M HHU3KUX YacToT. YacToTy cpe3a STHX (QHUIBTPOB MBI MOXKEM
PETYIUPOBATh C MOMOIIBIO JIIEMEHTOB YIIPABICHHS B PEATbHOM BPEMEHH.
[IpocMOTp MCXOMHOTO CHUTHANA, OTQIIBTPOBAHHOTO CUTHANA M CIIEKTpa
OCYIIIECTBIISICTCSI C IMOMOINBI0 TPadUIESCKOr0 H300paKEHUS Ha JIHIECBOM
CTOpPOHE BHUPTYAIBHOTO MpHOOpa.

TexHuYecKkne XapakKTePUCTHKN MU(POBOTO ocmyutorpada:
nosoca nponyckanus — a0 1 I'Ty;
BXOJHOM uMItenanc — 1 MOw;
MaKCHUMaJIbHOE HanpsbkeHue — 10 40 B;
MaKCHMallbHas 9acTOTa AUCKPETH3ANU B PEalbHOM BPEMECHH — 2

IT;

Ha ¢poHTansHOM CTOpOHE BUPTyalsHOro npubopa Ha 6ase LabWiev
pacrionaraercst pazpadbotanHas nmporpamma. [Iporpamma conepxut GuiIbTp
BbIcOKO# yacToThl (DBY), monocosoii puibtp (I1D) ¢ n3mMeHsIeMOH MOI0COoiM
YacTOT cpe3a B pealibHOM BpeMeHu.  [lociie  kaxkmoro u3  (QUIBTPOB
BO3MO>KHO ITOCTPOCHUE YACTOTHOTO CIIEKTPa CUTHAJIA 1 3aITUCh JAHHBIX BCEX
670K0B cxeMmbl B (haitnel. Paboune Giokwm mporpamMMBl IpEACTAaBICHBI Ha
pucyHke 1.
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Pucynox 1 — Ilporpammuas gacts (OpoHTaNbHAS TaHETH)

Wntepdeiic mporpaMMbl COAEPKHUT I'paQUKH TAHHBIX CTPOSIIUECS
B peaJbHOM BpEMEHH, OKHO CHTHama (uiIbTpa BBICOKMX YacTOT C
U3MEHAEMOH 4acToToH cpe3a, rpaduk yacTOTHOTO ClieKTpa Hocie GuiIbTpa

240



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

BBICOKOM YaCTOTHI U (Paifyibl B KOTOPBIE MTPOUCXOIUT 3aITUCh TAHHBIX (PHC.2).
B kagectBe ¢mibTpa BBICOKMX 4acToT ObIT B3iT ¢GuiubTp bartepopra 2

MOpAIKA.
_!KJ

b

B R O O S T T Om—"rn

Pucynok 2 — Hurepdeiic nporpammer LabWiev. @HIbTp BEICOKHX YacTOT C
PEryJIMPOBKOM 4aCTOTHI Cpe3a

C noMmoIpI0 BCTPOEGHHOH (D)YHKIMH MOCTOEHHS CIIEKTpa CHI'HAja
nocie (GUIbTPa BEICOKUX YacTOT M MOJIOCOBOTO (DMIIBTPa B MPOrpaMmy OBIIT
nobaBieHo  ObicTpoe  mpeoOpasoBanume — @Dyppe  ous  aHanm3za
BBICOKQ4YaCTOTHOTO CUTHaJIa B HY>KHOM T0JI0Cc€ 4acToT (puc.3).

-

Pucynox 3 — Uurepdeiic nporpammer LabWiev. Beictpoe npeobpazoBanme
®dypbe
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[MomyyeHnuele  SKCHEpUMEHTANbHBIE  JaHHBIE IO  KOMaHIe
3aMHCHIBAIOTCS B JOKYMEHT (opmara “.tXt”, o0paboTKa MOIy4eHHBIX
JaHHBIX MOXET OBITh OCyLIECTBIICHA B camMoii mporpamme LabVIEW wmim B
nporpammax, Takux kak Mathcad, Matlab, MC Office Excel. 3amuck moxet
BECTHCh OT Hayaja W JIO KOHIIA DKCIIEPUMEHTa, a TaK e BBHIOOPOYHO B
3aBUCHMOCTH OT pelIeHus. MoXXHO BBIOMpaTh yIOOHBIH Ayt ceds popmaT
3aIMCH JaHHBIX B eAnHOM cucteme eanuuy CH, BEIOOp KOJIMYECTBA 3HAKOB
MOCJIE 3aIIATOM.
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Cexkuyusa 4. Buomexnonozuu, 6 m.4. GuomMeOUyUHCKUe
HAHOMEXHOoN02UU

MPOD®UIAKTUKA 3ABOJIEBAHUI YEJIOBEKA,
BO3HUKAIOHIUX BCJIEICTBUE HETATUBHOI'O
BO3JIEVICTBUSA 3ATPSI3SHEHHBIX ITPUPOTHBIX BOJI
Buwmneseykuii B.1O., Ilonpyscuviii B.M.

HOxHBI# QenepabHbI yHUBEpCcHTET, MTHCTUTYT HAHOTEXHOJIOTHA,
3IEKTPOHUKHU U IPHOOPOCTPOCHUS
e-mail: vuvishnevetsky@sfedu.ru

Annorarus:  PaccMaTpuBaroTCsl  CTaTHCTUYECKHE JTAHHBIE — T10
CMEPTHOCTH M TIEPBUYHON 3200JI€Ba€MOCTH HACEJICHUS, YCTaHABINBAETCS
CBS3b MEXIY KA4eCTBOM IIPUPOJHON BOJBI W CEPICYHOCOCYIMCTHIMU
3a00NmeBaHMsIMA ~ HaceleHus. PaccMmarpuBaeTcsi BIUSHHE  KadecTBa
MIPUPOJIHOM BOJBI B paliloHax B0103a00poB ropojia TaraHpora Ha CTAaTUCTUKY
CMEPTHOCTH U TEPBUYHON 3a00JICBAEMOCTH CEPACYHOCOCYTUCTHIMU
3a0oNeBaHUAMHI HaceleHus ropoaa Taranpora. J{as OEHKH MCTIONB3YeTCs
YACTbHBI KOMOWHATOPHBIA WHAEKC 3arpsi3HEHHSI BOI, PAaCcCMAaTPHBACTCS
JMUHAMHKA OCHOBHBIX 3arps3HSIONINX BEIIECTB, UX BIHMSHUE HAa CEpPACYHO-
COCYJIUCTBIE 3a00JIeBaHMs HACEJICHHUS.

KitoueBbie clloBa: [TepBuunas 3a00J1€Ba€MOCTb,
cepaeuHococyaucteie 3aboneBanms, [IJIK, YKW3B, kauecTBO BOIBI,
KPUTHYECKHE TOKa3aTeNN 3arps3HEHUs] BOABI, Melb, MapraHell, CHUCTeMa
KpPOBOOOpAIIEHHS.

HUMAN DISEASE PREVENTION, ARISING OUT NEGATIVE
IMPACT OF CONTAMINATED NATURAL WATERS
Vishnevetskiy V.Yu., Popruzhny V.M.

Southern Federal University
e-mail: vuvishnevetsky@sfedu.ru

Abstract: The statistics on mortality and primary morbidity,
established the connection between the quality of natural water and
cardiovascular disease population. the impact of natural water quality is
considered in the areas of water intakes of the city of Taganrog on the
statistics of mortality and morbidity from cardiovascular disease the primary
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city of Taganrog population. To estimate the proportion used combinatorial
index of water pollution, consider the dynamics of the main pollutants and
their impact on cardiovascular disease population.

Keywords: Primary morbidity, cardiovascular disease, MPC, UKIZV,
water quality, critical indicators of water pollution, copper, manganese, the
circulatory system.

AHTpPOTIOTEHHOE BO3JCHCTBHE Ha BOJHYIO Cpely INPUBOIUT K
HETaTUBHOMY BO3ICHCTBUIO HA 3/I0OPOBHE UEIOBEKA.

Cunrtaercs, 9TO OpraHu3M YEIOBEKa Ha JIBE TPETH COCTOUT U3 BOJEIL.
Bony comepxut OyKBaIbHO KaXIIBIH OpraH, Tak KPOBb COCTOHUT Ha 83% u3
BOJIbI, MO3T, CepJIle, MBIl cojepxaT mopsiaka 76% U Jaxe B KOCTAX
coaepxutcs 15-20% BobI.

O0e3BOKMBaHUE OpraHU3Ma, MOXKET IPHBECTH K TpomMOO3y, CTaTh
MPUYNHON MHCYNbTa, HH(pApPKTa, BHE3AMHON ocTaHOBKM cepaua. OauH u3
(hakTOpoB 00pa3oBaHMs TPOMOO3a — TIOBBIIIICHHAS CBEPTHIBAEMOCTH KPOBH,
KOTOpasi IPOBOLIUPYETCS, B TOM YHCIIE M 00€3BOKHBaHUEM opranusma. Ot
HEJI0CTaTKa KHUJIKOCTH CTpaaaet pabota cepana [1].

ITo cratucTuueckum naHHBIM PocnipupoaHaizopa yCTaHOBJIEHO, UTO
HauOoJlee YacTOW NPUYMHONW CMEPTH SIBISIOTCS CEpACYHO-COCYTUCTHIC
3a00JIeBaHMs, MIPH 3TOM B ropoje TaraHpore 3aperHCTPHPOBAHBI CaMbIC
BBICOKHE TIOKa3aTeIN CMEPTHOCTH OT JIaHHBIX 3a00JIeBaHUI HA TEPPUTOPUH
PocToBckoit 0651aCTH, YpOBEHb CMEPTHOCTH MPEBBIMIAET CPEHE-00IaCTHOM
B 1,2-1,3 pa3a [2]. 3HaueHHEe B IPOIEHTAX OT OOMIEro YHcia yMEPIIUX IO
npuunHe OoNe3HEedl CHCTeMBI KpoBooOpamieHuss B Topoae TaraHpore
cocraBysieT: cpeau MyxuauH — 53,5%-57,1%, cpemu sxentmH — 69,5%-71%
[3]. Cpeau pa3BUTHIX CTpaH Poccust TMaupyeT mo JaHHOMY MTOKa3aTeko.

Takum 00pa3oM, JaHHBIC 3a00JIEBaHUS MPEICTABISIOT HAHOOIBIIYIO
OMAaCHOCTH AJIsI 3I0pOBbs HaceneHus B Poccuiickoit denepanuu u CHUKAIOT
MPOAOIKUTEIBHOCTD XKU3HH.

PaccmoTpuM IuHAMEKY KadecTBa MPUPOTHBIX BOJI M CPABHUM €€ CO
CTAaTHCTUKOW  CMEPTHOCTH B  PE3YJbTaTe  CEPACUYHO-COCYTUCTHIX
3a00NeBaHUN M TUHAMHKOHN MEepBHYHON 3a00J1eBaeMOCTH 3a00JIeBaHUSMHU
JIAaHHOT'O THIIa HACEJICHUSI.

HauGonbmee BiusHHE Ha 3J0pOBBE 4YeJIOBEKAa OKa3bIBAaCT BOJA,
HEIOCPEICTBCHHO  ymoTpeOisieMass  4eJoBeKOM.  BrIgBIeHO,  4TO
MUHUMATBHOE KOJIMYECTBO BOJIBI, KOTOPOE HEOOXOIUMO YIOTPEOISATh, YTO
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Obl opranm3M uenoBeka Obln 310poB — 1,5 aumpa ¢ Oens. IlodTomy
Hanboilee BaKHO OIEHWTh KadeCTBO NPHPOJHON BOXBI B paioHe
BOJ103a00poB. J11 aHanmm3a BO3bMEM CTaTHUCTUKY UL Topoaa Taranpora —
KaK IO KayecTBY MPUPOIHON BOJIbI, TaK U MO TWHAMUKE 3a00I€BAEMOCTH U
CMEPTHOCTH.

Taranporckuii BogoKaHaI IMEeT JiBa BOJ103a00pa: OCHOBHOE MECTO B
paiione Xx. Poroxkuno B ycthe peku JloH (pykaB Kytepbma);
JIOTIOJTHUTEIbHAS TOUKa BO/103a0opa B paiioHe c. Tpoulkoe Ha pexe Muyc.

OmueHka Ka4ecTBa MPUPOAHON BOJBI B paiioHaX BOg03a00pOB roposa
Taranpora mpUBOIUTCS HAa OCHOBE IAHHBIX, IMONyYCHHBIX B PE3yIbTaTe
HAONMIONEHWH 3a THIPOXUMUYECKHM COCTOSIHHEM BOIHOW  CpEIBI
®DenepanbHbIM rOoCyJAapCTBEHHBIM OO IIKETHBIM yUpexJICHUEM
«MHbDOPMAITMOHHO-aHATIUTHICCKIIA [IEHTP IO  BOJOIOJB30BAHHUIO U
MOHHUTOPHUHTY A30BCKOTO MOPS», TUHAMUKA 3a00JIEBAEMOCTH 1 CMEPTHOCTH
[0 MIPUYUHE CEePIACUYHO-COCYAUCTHIX 3a00JICBaHMI OIICHUBACTCA HA OCHOBE
CTaTUCTHYECKUX NAHHBIX, COJEPKAIIUXCS B T'OCYZAPCTBEHHBIX IOKJIanax
(emepanbpHOrO OIOPKETHOTO  yUPSXIEHHUS 3ApaBooxpaHeHus «LleHTp
TUTHEHBl W SMUAEMHOJIOTHH B PocroBckoit obnmactm» «O caHUTapHO-
SMUAEMHUOJIOTHYECKOM OJIaronojiydyud HaceleHusD» ropojia TaraHpora u
PoctoBckoii o0macTu.

B kadecTBe KpuTEpHs OLIEHOYHOTO TIOKA3aTeIsd KaueCTBa PEYHBIX BOJ]
Ha JaHHbIH MoMmeHT B Poccuiickoit denepaliny KMCMONB3YETCS yAENbHBIN
KOMOWHATOPHBIN WHACKC 3arpsisHeHHOCTH Bojbl (YKU3B).

Krnaccudukanus xagectBa Bogsl mo YKU3B, mo3BomseT pa3nensrs
MOBEPXHOCTHBIE BOJABI Ha 5 KJIACCOB B 3aBUCUMOCTH OT CTENEHU HX
3arpsi3HEHHOCTU. BOIbIeil cTeneHu 3arpsA3HEHHOCTH BOJABI KOMILIEKCOM
3arps3HSIONINX BEIIECTB COOTBETCTBYET OOJIBIINI HOMEp Kitacca.

Jiis  HarISITHOCTH COBMECTHUM TpadMKd JWHAMHKH —KadecTBa
MPUPOJHONH BOJBI B pailoHaX BOA03a00pOB Topoja | TpaduKw,
oToOpakarolMe AWHAMHUKY CMEPTHOCTH M HEPBUYHON 3a00J€Ba€MOCTU
CePICIHOCOCYAUCTON CUCTEMBI (PUCYHOK 1).

W3 nuarpammel pacnpeneneHus 3HadeHuid unnexkca YKU3B BugHo,
9TO B OOJBIIMHCTBE CIIy4aeB KaueCTBO BOJBI B paiioHe BO103200pOB ropoaa
Taranpora HaxoJUTCsl B JMana3oHe 3HAYEHUH, COOTBETCTBYIOLIUX KJIACCY
KadecTBa BOIbI |Va — «rpsi3Hasy (muama3oH 3HaYeHU oT 4 10 6).

Takxe OTMEUEHBl «KPUTHYECKHE TIIOKA3aTeNln» KauecTBa BOJBIL,
HanboJiee YaCTO UMU CTAHOBHJIUCH TSDKEJIbIE METAJUIBI — MEIb U MapraHell.
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Tenmepp paccMOTpUM  IUHAMHKY  3a00JICBA€MOCTH  CHCTEMBI
KpPOBOOOPAIIEHNS HACETICHUS.

B paccmaTpuBaemslit neprox B ropojie Taranpore chopmupoBagach
TEHJIEHIIUSI K POCTYy MEepBUYHON 3a00eBaeMOCTH OOJE3HSIMH CHUCTEMBI
KpoBooOpamieHus (MpH CPEAHET0JJ0BOM TeMIie ipupocta +24,57 %), B 2013
roAy MO CpPaBHEHUIO C TMPEIBIAYIIAM TOJOM YBEJIWYMIACh YacToTa
perucTpupyemsix cirydaeB anemuu Ha 2,06 % [4, 5].

B 2013 romy ypoBHM NEpBHYHOM 3abojieBaeMOCTH OOJIC3HIMHU
CHCTEeMBI KpoBooOpamieHus: BeIpocin Ha 35,4%, pocT 3aboieBaeMoCTH
CHUCTEMEI KpoBooOpamenust y aereit Ha 2013 rox cocrasun 14,19%, uto Ha
(oHEe AWHAMUKM TO JPYTUM 3a00JEBAHUSAM SBISIETCS CYIIECTBEHHBIM
ckaukoM. Takke U3 AUarpaMMbl BUIHO, 94TO B 2014 Toy 3aperucTpupoBaHo
CHIDKEHHE JAHHOTO ToKaszarest [2].

» Tepunman 5350 €BaeM0CTh
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Pucynok 1 — JlnHamuka rmokasareliei IepBUIHOHN 3a00JIeBaeMOCTH, CMEPTHOCTH
ot OoJe3Hel cucTeMbl KpoBooOparienns Hacenenus u Y KM3B 3a nepron 2009-
2014 rogpt
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Ha puc. 1 nuHaMuka CTaTUCTKH TIEPBUYHONM 3a00JICBAEMOCTH H
CMEPTHOCTH TIPUBECHBI B CPETHEM JUTS MY>KYMH ¥ )KSHIINH B 3HAYSHUSX T10
konndectBy Ha 1000 genosek nust ropona Taranpora, nuHamuka YKI3B
TaKke YyCpPeOHEHa IO JaHHBIM THUAPOXMMHYECKHX aHaJIM30B Mpo0
TIPUPOTHOMN BOABI B paiioHax 000X B0/103a00poB roposaa TaraHpora.

W3 coBmeneHns rpaMKoB OYE€BHIHO:

1) B nepuoz ¢ 2009 na 2010 rox HabmrogaeTcs yXyAMICHAE KayecTBa
IOPUPOJHONH  BOABL, YTO MPHUBOAUT K  YBEJIMYEHHUIO MEPBUYHOMN
3a00JIeBaEMOCTH U CMEPTHOCTH.

2) B nepuon ¢ 2010 wa 2011 rog HabnromaeTcs ynydlieHUE KauecTBa
MIPUPOTHOM BOJIBI, YTO MMPHBOIUT K CHI)KEHHIO IEPBUYHOI 32001€BaeMOCTH
HaceJeHus.

3) B meprion ¢ 2011 na 2012 rox HabmogaeTcs yay4ilieHHe Ka4ecTBa
MPUPOIHON BOJBI, YTO MPHBOAUT K CHIDKCHHIO CMEPTHOCTH OT OoJe3Heit
CEpAECYHOCOCYIUCTOM CHCTEMBI HACEIIECHHS.

4) B nepuox ¢ 2012 ua 2013 rox HabGmr0ogaeTcst pe3Koe yXyIIIeHHE
KayecTBa MPHPOAHOW BOABI, HYTO IPHUBOJUT K CTOIb JK€ PE3KOMY
YBEIMUYEHUIO TIEPBUYHON 3a00JI€Ba€MOCTH M CMEPTHOCTH OT OoJe3Heit
CepACYHOCOCYIUCTOM CHCTEMBI HACEIEHHS.

5) B nepuox ¢ 2013 wa 2014 rox, HaoO60opoT, HAOIIOAAETCS PE3KOE
yIy4IIeHre KadecTBa IPUPOTHOM BOBI, YTO IPUBOANT K CTOJIB KE PE3KOMY
CHWKCHHUIO TIEPBUYHON 3a00JIeBAEMOCTH M CMEPTHOCTH OT OoJie3Hen
CEpAEYHOCOCYIUCTOM CHCTEMBI HACENIEHHS.

PaccmoTpuM AuHaMUKY 3arps3HEHUN pedHOH BOJBI 10 KPUTHYECKUM
MOKa3aTeNsIM 3arpsA3HEHHOCTH, HauOoyee CYIIECTBEHHO BIHSIONIMM Ha
COCTOSTHHE CepJIeYHO-COCYIMCTOM CHCTEMBI YeJIOBeKa.

Mapranen

MapraHeny okas3pIBaeT JeHCTBHE Ha BCIO JKH3HEAEATENLHOCTD
OpraHu3Ma, T.K. COAEPHKUTCS B KJIETKAaX TOJOBHOTO MO3Ta, MOKEITyI0UYHOM
AKele3bl, TOYKaX, TMe4eHM U  KOCTAX. MapraHenm  OKa3blBaeT
npoQHIAKTHYECKOe W Jaxe JedeOHOe BIMSAHHE Ha CepAeYHOCOCYANCTHIE
3a00J1eBaHMA.

JU1s1 TIOJTHOLICHHOM JIeATeNIbHOCTH OpTraHu3Ma 4eJI0BeKy He0OX0anMo
B CYTKH 1-2 MT Maprasia, Ho M3-3a TOTO, YTO HE BECh ITOCTYMAIOIINH 00beM
MapraHiia B OpraHM3M 4YeJIOBEeKa YCBaWBaeTCA, B OPraHW3M JOJDKHO
MoCTymnaTh 0kojo 5-10 Mr maprasa.
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Opnako ropas3mo OoJjiee CYIIECTBEHHBIM (haKTOPOM  SIBJISETCS
mepen30BITOK  MapraHila B OpraHW3Me, OKa3bIBAIONINM HETaTUBHOE
BO3JIEHCTBUE Ha 370pPOBbE UesioBeKa [6]. Mapranen OTHOCUTCS K TSKEIIbIM
METaJUTaM, OKAa3bIBAIOIIUM  SJOBUTOC JEHCTBHE Ha OpPTraHU3M H
BBI3BIBAIONIUM HEMpPUATHBIE w3MeHeHus. [loctymiuenune cBbime 11 wmr
Mapraiima B CYTKH CUYHTAeTCS BPETHBIM JUI  370poBbsa.  [lpum
CHUCTEMAaTHYECKOM M JIUTEIFHOM OTPABICHUU MAapraHIeM MOTYT UMETb
MECTO CEpbE3HbIC IIOCJIEACTBUS, NPOSBIIONINE Ce0sl 3HAYUTENbHBIM
YXyAUIEHHEM 310POBbS [7].

B OonpmMHCTBE TPOXYKTOB NHUTAaHUS COACPKAHHE MapraHia He
BEICOKOE. HambombIee KoMM4IecTBO MapraHiia COASPIKUTCS B TICUSHH, MsCe,
MOJIOYHBIX TIPOIYKTAX, KPyIax, IMUIOBHUKE, 000OBBIX, YSPHON CMOPOJIUHE,
aHaHacax, HCKOTOPBIX COpTax 4as. MapraHell coaep)kaT U MHOTHE JIPYTHE
MPOAYKTHl IMHUTAHUS PACTUTEIHFHOTO MPOUCXOKICHHS, MOPEIPOAYKTHI [§].
Hauboupiiee KoiaumyecTBO MapraHia MOCTYIAaeT B OpPraHH3M 4YeJOBEKa C
MUTHEBOM BOJION, KOTOpas HE COOTBETCTBYET HOpMaM [9].

Ha mumarpamme (pumc. 2) mnpuBeieHa TUHAMHKA KOHIICHTPAIIHA
Maprafia, COJIEpKalllerocsi B TPUPONHOW BOJAE B pallOHE TOPOICKUX
B0/103200poB B cpaBHeHuu ¢ [TJIK mist peuyHbIX BOJTOEMOB.

0.001
VK 7w parssix 800

s KOtH1E TS LN MB PGS

NOH LOMTRELAR, M7

™~

oo

1
2013
2014

2009
2011
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Kak BumHO U3 AaHHOW QUarpaMMBbl, CPEIHETOJOBBIC KOHIECHTPAIUU
MapraHiia B NpPUPOJHON BoJge B paloHAX BOA03a00POB  E€XKETOIHO
MIPEBEIMIAIOT YCTAaHOBJICHHBIC TPENEIBHO JOMYCTHMBIC KOHIICHTpamuu. B
o01eil TMHaMHUKe Takke HaOJIoAaeTcs 3aBUCHMOCTh — TIPH PE3KOM pocTe
KOHIIeHTpanuu Mapranua B nepuon ¢ 2009 na 2010 rox u B nepuog ¢ 2012
Ha 2013 rog HabmrOAAETCS POCT CTATUCTHKY IT0 IEPBUYHON 32001€BaeMOCTH
W CMEPTHOCTH IO IPUUYUHE OOJIe3HEH cepIeuHOCOCYUCTON cucteMbl (Puc.
1).

Menn

Menp OKa3bIBacT CYIIECTBCHHOE BIUSTHIEC HA OPTaHU3M YEIOBEKa, KaK
MOJIOKUTENbHOE, TaK W OTpHIATeTbHOE. Mens B OpraHM3Me denoBeKa
BIMSET Ha (YHKIHOHHPOBAHHWE KPOBEHOCHBIX COCYJOB, KOHTPOJHPYET
KPOBSIHOE JTAaBJICHHE 32 cueT cuHTe3a hepMmenTa npocrarnanauHa [10].

B opranusme dyenoBeka coaepxutrca Bcero 75-150 mr snemeHnrta.
Bonee monoBUHBI BCero BelIeCcTBA KOHLEHTPUPYETCS B MO3TE U ICUCHH U
qyTh MeHee 50% pacrpocTpaHEeHbI 110 BCEM MBIIILAM U KOCTHOMY CKEJIETY.

B opranusM menp mocTymaer B OCHOBHOM ¢ nuuied. MHoro meau
CONEpXKUTCI B OOOOBBIX, KallycTe, Kaprodene, KpamuBe, KyKypys3e,
MOpPKOBH, IINKUHATE, sI0J0KaX, Kakao-000ax, OJHAKO 0oyee BCero OOrarsl
MeJIbI0 MOPETPOAYKTHI (MOJITIOCKH, PHIOa).

HexBaTka mMenu criocoOHa BBI3BaTh Cepbe3HbIE HapyIIEHHS B paboTe
BCEro OpraHu3Ma M, MPEeXKIE BCErOo CEPACUYHOCOCYAUCTOW CHCTEMBI.
IIpruuHBl 3aKITIOYAIOTCS B YXYALICHHM YCBOSIEMOCTH >KeJe3a, KOTOpoe
MIPUBOAUT K HAPYIICHUSM B COCTaBE KPOBH.

OnHaxko, cauTaeM, 9To HanOoJee OMacHBIM (haKTOPOM JUIS 3I0POBBS
YeJI0BeKa MOXKET CTaTh NMepen30bITOK Meau B opranusme. K stomy moxer
NIPUBECTH YIOTpeOJIeHNe 3arps3HEHHON BOJIBI M MHIIH C BBICOKUM
cojeprkanreM Mean. Hanbosee ormacHBIM 3TO MOXKET OBITh IIPW HAPYIIEHUH
0OMEHa dJIeMEHTa B OpraHU3Me.

[Ipu orpaBneHMH OOJBIIUM KONUYECTBOM MEIU PEKOMEHAYeTCs
NPUHAMATh MOJIOYHBIE TPOAYKTHI, KOTOpHIE CaMH IO ceOe OdeHb OeTHBI
MeZbI0 B CIIOCOOHBI €e BRIBOANTH M3 opranm3ma [10]. Takke MCIOIB3yIOT
JIMETOTEpanuio, TenaToNpOTEeKTOPhl, KEIUEroHHble cpeAcTBa, BAJlpl u
npenaparsl, cojiepxaniie IMHK, 00p, MonubaeH. B ciyyasx BbIpakeHHOH
MHTOKCHKAIIUH TIPUMEHAIOT KOoMIUIeKcooOpasoBarenu (D-neHunmiamMu,
KyIIpPeHMJI, METaIKoNTa3a v ap.).
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CpaBHeHne KOHLIEHTpaLuii Menu OCylIecTBIIseTCS c
ycraHoBiieHHbIMU B Poccuiickoit @enepanun IIJIK 1151 moBepXHOCTHBIX
(peunnix Box) — cocrasuser 0,001 mr/mve,

PaccMoTpuM IHMHAMMKY M3MEHEHHs] KOHIEHTpalui Meau B paiioHe
TOPOJICKUX BOZ03a00poB ropoaa Taranpora.

0.009 4 00085
s LK frmt pesintax sogy

0008 +

e [ LI T LR MELIA

< 0007 1
= 0.0059
g 0006 4
7
£ 0005 4 0045
&
-
{% 0004 4
0.003 4 0.0

0002 4

0001 ¢

0
o~

2010
201
013
2014

2009

]
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Taroke, Kak ¥ B CIIydae ¢ MapraHiieM, CPETHET0IOBBIE KOHIICHTPAIHN
Menu B MPHPOJHOM BOJE B pailoHaX BOA03a00pPOB €XKETrOJHO MPEBBIMIAIOT
YCTaHOBJIEHHBIE TIpENENIbHO JIONYCTHMBbIE KOHIIEHTpanuu. Takxke B
paccMaTpuBaeMOM IIEPHO/IE CYIIECTBYIOT JiBa «IIHKa», KOT[a KOHIIEHTPaIii
JNeMeHTa B HamOombimeid cremenu mnpesbimanu  [I/IK, coxpansercs
3aBUCUMOCTH — ITPH PE3KOM POCTE KOHIICHTpauu Meau B mepuon ¢ 2009 na
2010 rox u B mepriox ¢ 2012 na 2013 rox HaOIrOAAETCS POCT CTATUCTHKH IO
MEepBUYHON 3a00IeBaeMOCTH M CMEPTHOCTH II0 TpHYMHE OoJe3Hei
cepaednococyaucroir cucteMsl (Puc. 1). CpenHeromoBble KOHIIEHTpAIHH
€KErofHO MpPEBBIIIAIOT  YCTAHOBIEHHBIE MPENEIBHO  JOMYCTHMBIE
KOHIeHTpanuu [11].

Takum oOpazom, MOXKHO YTBep)KIaTb O HaJMYUM TPSIMOW CBS3H
MEXJly KaueCTBOM NPUPOAHOM BOJABI, COAEpKaHMEM B HEWl B pailoHe
TOPOACKHUX BOJ03a00POB TaKUX TSDKEIBIX METAJUIOB KaK MEIb U MapraHel ’
KOJINYECTBOM CEPACYHOCOCYTUCTHIX 3a00I€BaHUN HACEIICHHS.
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IIpu paccmoTpeHnH MPOOIEMBI BIUSHUS 3aTPSI3HAIOLINX BEIIECTB U B
YaCTHOCTH TSDKENIBIX METaJUIOB, COJep)KalluXcs B TPHUPOTHON BOAe Ha
3JI0POBBE YEIOBEKA TAKXKE HEIH3s 3a0bIBATH, UTO TSDKEIBIE METAIIIBI KpalHe
MEIUIGHHO BBIBOJATCS W3 OpraHW3Ma, CIYXaT MpPEeANOChUIKOW Tak
Ha3bIBAEMOTO «KYMYJIATUBHOTO» 3(dekra muIneBoil nenu — HapacTaHUS
KOHIIEHTPALMK B OPTaHM3Max IOCIeNyIONINX TPOopUUeCcKuX ypoBHeH. M3
BOJHOHM cpelbl MOMaJaloT B CYIIECTBYIOIIYIO BOIHYIO (opy, KOTOpas
UCTIONB3YIOTCSL I NUTaHud  uxTHodayHo. Hammume  BBICOKHX
KOHIIEHTPALMH TSDKENBIX METAJUIOB B BOJOEME MPUBOINT K €€ aKTHBHOMY
TMIOTJIOIIEHUIO OMOJOTMYECKON Cpelod, YTO B CBOIO OYepelnb MOXKET
TIPUBECTH K 3a00JIeBaHUAM, KaK CaMOW PBIOBI, Tak M MOTPEOIIIOMNX €€ B
nuty Jroneit. [lo oTHomenuro k ropoay TaraHpory 3ToT (akTop sSBISETCS
BECbMa CYIIECTBEHHBIM BBUJY YHHKAJIHHOCTH TaraHporckoro 3ajmBa Kak
BOJTHOTO OOBEKTa HMMEIOLIET0 PHIOOXO03AHCTBEHHOE 3HaueHue. bmaromaps
MENIKOBOAHOCTH U PACHPECHEHHOCTH MOPCKOI BOJBI, OCOOEHHO 3TO
KacaeTcsl BOCTOYHOI 4acTH 3a/11Ba 3a CUeT IPUHOCA IPECHOM BOMBI U3 PEKU
Hon, oH sBmgercs momoM i Oonee dem 100 BHAOB pa3iIWYHBEIX PEIO,
KOTOpBIE, B CBOIO OYepelb aKTHBHO YIOTPEOIIAIOTCS B ALY YETOBEKOM.

Taxum 06pa3om, MOCTyIAIOIINE B OPraHU3M YeJIOBEKa KOHIIEHTPALUH
TSOKENIBIX METAJUIOB NpPW TPHHATHM PBHIOBI B KadeCcTBE MHIIH MOTYT
MPEBBIIATh KOHIIEHTPAIMA METAJIOB B BOJIE B JlecsATkHU pa3 [10]. B acnekre
JIAaHHOM TPOOJIEMBI TaKKe OYEHb Ba)KHO, YTOOBI YMOTpeOisieMasl B IHUILY
pbI0a HE MeNa BEICOKOTO COEPHKAHUS TSHKENBIX METAJIOB, IIOCKONBKY IS
IPO(QHUIAKTHKHY CEPACIHOCOCYTUCTHIX 3a00IeBaHNT Bpaun peKOMEHIYIOT 2-
3 pa3a B HEAENIO yOTPEOIATH B IUIILY PHIOY.

BeisiBnieHHass  CBS3b  MEXJIy ~— CTaTHCTHKOM  3a00JeBaeMOCTH
CepAEYHOCOCYIMCTOM CHCTEMBI W KaueCTBOM IPHUPOJHOM BOJBI B paifoHax
B0J103200POB MO3BOJIAET CAEIATH CIEIYIOIINE BEIBO/IBIL:

— B nemsix npo¢unakTuky 3a00JI€BaHUH B Ka4eCTBE MUTHEBOM BOJIBI
CJIEZyeT MCIIOIb30BaTh BOY, KOHIIEHTPANHS TSOKEIBIX METaJUIOB B KOTOPOI
COOTBETCTBYET CAHUTaPHBIM HOPMaM.

— He nomyckarb mepeno3WpoBKH OpPTaHM3Ma YEIOBEKA TSKEIBIMH
MeTaljIaMu.

—JInds  OpoQUIAKTHKA  CEpACYHOCOCYAUCTHIX  3aboieBaHuit
HEOOXOMMO YIIOTPEOIATh B MUY PHIOY, COAEPIKAILYI0 YPOBEHb TSKEIBIX
METaJJIOB, COOTBETCTBYIONIMI HOpMaM. Takxe HE0OXOAUMO yHOTpeOIITh B
NIy exy, HACHIIIEHHYI0 OeJKOM W KJIeTYaTKOH ¢ yMEHBIICHHBIM
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KOJINYECTBOM YTJIEBOJIOB M JKHUPOB, TaK KaK OEJKH BBICTYMAIOT B Ka4eCTBe
CTPOUTEIBHOTO MaTepHaiia, KOTOPBIMA TOMOIaeT YKPEIUIATh CTEHKH COCY/I0B.
Taxoke O4eHb BXXHO CTapaThCsl BECTH 3[J0POBBI 00pa3 KHU3HH, 3aHUMAThCS
(bU3KYIBTYpOH.

— B nemax BeIBOAA BpENHBIX M3JIMIIKOB TSDKEIBIX METAIJIOB U3
OopraHu3Ma HeoOXOAUMO MEePHOJUYECKH YNOTPEOJIATh B MHILY MOJIOKO H
MOJIOYHBIE TPOAYKTHI.

— Crioco0GCTBOBAaTh CHHKEHHUIO aHTPOTIOTEHHON HAarpy3KH Ha BOJTHbIE
00BEKTHI, YTO B CBOIO OdYepedb, NPHUBENET K YIY4IIEHHIO KadecTBa
MPUPOJHON BOJBI, CHHKEHUIO KOHLEHTPALMK 3arpsi3HSIOINX BEILECTB KaK
B MPUPOJHON W THUTHEBOW BOJIE, TaK W B YIOTpeOIsIeMOl HACEIICHUEM B
MUITY PHIOE.

— KoHTponupoBaTh COOTBETCTBHE KaUeCTBA COPACHIBAEMBIX B BOJHbIE
00BEKTHI CTOYHBIX BOJA IPOMBIINIICHHBIMHI HPEANPUSATAIMH HOPMaTHBAM
JOMTYCTHMBIX COpOCOB, CTPEMHUTBCS K YCTaHOBIEHHIO OoJjiee CTPOTHX
HOPMAaTHBOB JIOITYCTHMBIX COPOCOB.

— IlpeanpuHUMaTh MepBI 1O COOMIOACHHUIO KaK HAcelIeHUEM, TakK U
OpraHM3alUsIMM, YCTaHOBIECHHBIX  3aKOHOAATENbCTBOM  Poccuiickoit
denepanny pexMOB BOJIOOXPAaHHBIX 30H HA BOAHBIX 00BEKTax.
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AHHOTanus. B TeueHue M0CTaTOYHO MPOJOIKUTEILHOTO BPEMEHU
mpobieMa pacro3HaBaHus 00pa30B MPUBICKACT BHUIMAHHE CIICIIHAINCTOB B
00JacTH MPUKIIATHON MaTEeMAaTUKUA W UHPOPMATUKU. B 4acTHOCTH, MOKHO
oTMeTHTh paboThl . dumepa, BoimosHeHHbIe B 20-X rogax XX Beka H
MpUBEAININE K (POPMUPOBAHNIO TUCKPUMHUHAHTHOTO aHaJIN3a KaK OJHOTO U3
pas3zienoB TEOpUH M MPAKTUKH pacro3HaBaHUs 06pa3oB. B 40-x romax. H.
KoamoropoBeim 1 A.fl. XWHUYMHBIM MOCTaBJ€HAa 3ajadya O pa3leleHHUU
CMeCH JIByX pacnpezesieHnii. Hanbomblee KOJIMYECTBO Pe3yabTaTOB OBLIO
nocturayto B 50-70 romax XX Beka. B 3To Bpemsi mosiBUIach TEOpHUS
CTAaTHCTUYECKUX pelieHnii. B pesymbraTe 3TOro OBUIM pa3pabOTaHEI
aJITOPUTMBI, 00ECIICUYNBAIONINE OTHECEHHE HOBOTO OOBEKTa K OJHOMY M3
3a/IaHHBIX KJIACCOB, YTO SBHWJIOCHh HAYAJIOM IJIAHOMEPHOT'O HAYYHOTO MTOUCKA
U TIPAKTHYCCKUX Pa3paboToK.

KiroueBble croBa: KnOepHETHKA, PacIIO3HABaHHE 00pa30B, KOMITBIOTEPHOE
3peHue.

RELEVANCE AND SCIENTIFIC BASIS OF RECOGNITION OF
ELECTRO-OPTICAL IMAGE
Kamalova U.B.
Izhevsk State Technical University named after MT Kalashnikov
e-mail: pmkk@istu.ru
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Annotation. For quite a long time pattern recognition problem has
attracted the attention of specialists in the field of applied mathematics and
computer science. In particular, we note the work of G. Fischer, made in the
20s of XX century and led to the formation of discriminant analysis as one
of the branches of the theory and practice of pattern recognition. In 40-ies.
Kolmogorov and AY Khinchin tasked the division of a mixture of two
distributions. The greatest number of results have been achieved in 50-70
years of XX century. At this time, there was a statistical decision theory. As
a result, algorithms providing assignment of the new object to one of the
specified classes, which was the beginning of systematic scientific research
and practical developments have been developed.

Keywords: cybernetics, pattern recognition, computer vision.

B xwubepreruke Havano ¢GOpMUPOBATBECS HOBOE  HAy4YyHOE
HalpaBJICHUE, CBSI3aHHOE C pPa3pabOTKON TEOPETHYECKHX OCHOB U
MPAKTHYECKOW peanu3aliii yCTPONUCTB U CUCTEM, MpeAHa3HAYEHHBIX IS
pacro3HaBaHHs 0OBEKTOB, SIBICHNH, TpolieccoB. [losBHIack HOBas HayYHAS
AUCHUITIIINHA, KOTOPas IOoJIydnJia Ha3BaHUC «Pacmio3naBanue 06pa3013>>.

C 70-x rogoB TEOpHA pacCliO3HAaBaHUA 06p330B OKOHYAaTCJIbHO
OMpeaACINIaCh KaK CaMOCTOATCIBHOC HAYYHOC HAMPABJICHUC, MPHUIIIO €€
OypHOe pa3BHTHE, CBA3aHHOE, B TIEPBYIO OdYepeab, C pa3BUTHEM
BBIYMCITUTENBHON TeXHUKH. OJIHAKO, C Y4YETOM CIOXKHOCTH TPOOIEMBI
pacro3HaBaHUsl 00pa30B, OCHOBHBIC MCCIICOBAHUS OBUIM COCPEAOTOYCHBI
Ha peIIeHNY KOHKPETHBIX 33/1a4, TAKMX KaK paclo3HaBaHHE W300pakeHHH.
HecmoTpss Ha  MHOrojerHue  ycwius  UcCcienoBaTelled,  3ajada
pacrio3HaBaHUA I/1306pa>KeHI/1ﬁ OCTacCTCA HE peHleHHOfI B NIOJIHOM MEpe a0
9TOr0 BPEMEHHU.

OCHOBHEIMH onepanusaMu B pacCliO3HABAHUU O6p330B C IIOMOIIBIO
9KCTCHIIUMOHAJIbHBIX MCTOJOB SBJIAIOTCS OIICPAlUH OIIPEACIICHNA CXOJACTBA U
paznuuust 00beKTOB. OOBEKTHI B YKa3aHHOW TPyIITNie METOI0OB UTPAIOT POJIb
JIMarHOCTUYECKUX MpeneneHToB. IIpu 3ToM, B 3aBUCUMOCTH OT YCJIOBHIA
3a/la4y, pOJIb OTACIBHOTO MPEUECACHTAa MOXKET MCHATHCA B OYCHB MIMPOKUX
npeaciax oT IJIaBHOM K BeCbMa KOCBEHHOI'O ydactud B IIPOLECCE
pacrio3HaBaHUs. B cBoro o4epeab, YCJIOBHA 3aJadu i1 €€ YCIICHIHOI'O
peHICHUsA MOryT Tpe6OBaTI> ydacTtusd Pa3JIMIHOTO KOJIHN4YCCTBA
JUAarHOCTUYECKUX IIPELICAECHTOB: OT Jpyra B KaXIOM KJiacce, 4To
pacrno3HaeTcsl, 10 MOJIHOTO 00'beMa BBIOOPKH, a TAKKE Pa3INYHBIX CITIOCOOOB
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BBIYHCIICHUSI MEP CXOJCTBA M Pa3Huhsi 0ObEKTOB. DTHMH TPEOOBAHHUSIMHU
00BsICHSICTCSL NaNbHEHIee pa3/eieHue IKCTCHIIMOHAIBHBIX METOJOB Ha
MOJKIIACCHL. B 3THX mojakiiaccax OYeHb BaYKHBIM SIBIISIETCS] BBIOOP METPHKH,
KOTOpPBI ~ JOCTUTaeTcsi €  TIOMONIbIO  CIENHAJIbHBIX  aJTOPUTMOB
mpeoOpa3oBaHUs HCXOMHOIO MPOCTpaHCTBa mpu3HakoB. OT BBIOOpPA
METPUKHA 3aBHCHUT OKOHYATCIFHBIA BapHaHT pa3OueHHS OOBEKTOB Ha
TPyNIIBl TIPH 33JJaHHOM airopuTMme pasduenus. B pabore mnpemnoxen
AITOPUTM PAcIO3HABAHUS OOBEKTOB, KOTOPHIN OCHOBAaH Ha HOBOI METpPHKE,
MOCTPOEHHAss HAa OCHOBE BEKTOPHOTO KpuTepus Oim3octn 00BekTOB. B
Ka4eCTBE CHUCTEMBI KIIACCH(PHUKAINKA OOBEKTOB ATOT aJNTOPUTM HCIIONB3YET
HEHpPOHHYIO CETb.

WHTennekTyanbHas CUCTEMa, HCIOIB3YIONIETO B OCHOBE CBOEH
paboTBl CHUCTEMy 3HAHHMW JKCIEpTa, KOMOWHAIMIO WCKYCCTBCHHOM
HEUpPOHHOM CETH U CHUCTEeMBl HEYETKHMX IIpaBUJI, HA3bIBAE€TCS HEUpo-
HEUYETKOW cucTeMor. XPOHOJIOTHSI Pa3BUTHSI TAKMX CHCTEM IIOKa3aHa B
pab6orax FO.I1. 3aitueHko.

Heuerkass cocraBisiiomias cHCTEMbl MO3BOJIAET IMOJNy4aTh W
00pabaThIBaTh CIOXHBIE JIOTHYECKUE JTHHTBUCTHYECKUE BBICKA3BIBAHUS —
3HAHMS IS MAHUMYJSIUU NPaBUIaMHU U BBIBOJa KOHEYHOI'O pe3yjbTara.
ChopmynmmpoBaHHbIC B JTUHTBUCTHUYCCKOW (OpPME 3HAHUS HCIOIB3YIOTCS
Ui MHTepdeiica, WIH, IPYTUMH CIIOBaMH, JUIsI oOMeHa HH(popMarmei
MEXJly CHUCTeMOW W dYenoBekoM. HelpoHHasi cOCTaBISONIAsl IMO3BOJISET
00y4yaTh CHCTEMY U T'€HEPHPOBATH HOBBIC 3HAHMS WJIH MONyYaTh 3HAHHS Ha
OCHOBE ombITa. Takue KOMOWMHMPOBAHHBIE CHCTEMBI MOTYT OBITH
WCTIOJB30BAHBI, HANPUMEpP, NpPU CO3JAHUH CHCTEMBI KJIaCCH(UKAINH
00BEKTOB Ha MYJIbTUCIEKTPAIBHBIX CHUMKax TIOBEPXHOCTH OKeaHa.
AnmapaT HEYETKMX MHOXXECTB W HEYETKOM JIOTUKM B TEYCHHE
3HAYUTENIBHOTO BPEMEHHU YCHEIIHO MPUMEHsSETCs A pelIeHus 3adad, B
KOTOPBIX HMCXOIHBIC JaHHBIC SBISIOTCS HEHAASKHBIMH WM  cJabo
¢dopmanmnzoBaHHbIME. OTNIpeenM NPeUMYIIeCTBa TAKOTO MMOIX0/1a!

—CYIIECTBYET BO3MOXKHOCTb OIEPUPOBATh BXOJHBIMH JaHHBIMH,
KOTOpBIE 3aJ]JaHbl HEUYETKO: JJAHHbIE, KOTOPbIE HEMPEPHIBHO U3MEHSIOTCS BO
BpeMeEHU (IMHAMUYECKHE 3a/1a4H), 3HAUYEHUS, KOTOPbIE HEBO3MOXKHO 3a/1aTh
OJTHO3HAYHO (pe3yNbTaThl CTATUCTHYCCKUX IapaMeTpOB H300paKeHUS H
T.J1.);

—CYIIECTBYET BO3MOXKHOCTh MTPOBEJICHUSI KaUeCTBEHHBIX OIIEHOK KaK
BXOJHBIX JAHHBIX, TaK U MMOJNyYCHHBIX PE3yNbTaToOB. MOXHO ONEpUPOBATH
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HE TOJIbKO 3HAYCHMSAMHU JAHHBIX, HO M UX CTEIEHBIO NOCTOBEPHOCTH U
pacupeeeHueM;

—CYIIECTBYET BO3MOXKHOCTD IIPOBENEHUS OBICTPOTO MOACITUPOBAHUS
CJIOHBIX JTUHAMHYECKUX CUCTEM M UX CPABHUTEJbHBIN aHAINU3 C 3aJJaHHOU
CTCTIEHBI0 TOYHOCTH: OIECpUPYS NPUHIHUIIAMH IIOBEIACHHUS CHUCTEMBI,
ONMUCAHHBIMH HEYETKUMH METOAAMH, IIONB30BaTeIh HE TPATUT MHOTO
BPEMEHU Ha BBIACHEHHE TOUYHBIX 3HAUEHHUH NEPEeMEHHBIX M COCTABJICHHE
YpaBHEHHUIA, KOTOPHIC UX OTHCHIBAIOT;

—€CTh BO3MOXKHOCTB OIUCAHUS YCIOBHHA M METOJIa PEIICHUS 3a1aun
Ha SI3BIKE, OJTM3KOM K €CTECTBEHHOMY;

—YHUBEPCATBHOCTH: cornacHo Teopeme FAT (Fuzzy Approximation
Theorem), kotopyro 6b110 061 T0Ka3aH0. Kocko B 1994 rogy;

—3¢dexkTuBHOCT,  (CBSI3aHA  C  YHHBEPCAIBHOCTBIO),  UTO
MOATBEPKAACTCSA PAJOM TEOpPEM, aHAIOTMYHBIX TEOpeMaM O IMOJIHOTE JJIs
HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

BMmecte ¢ Tem, A7 HEYETKUX CHUCTEM XapaKTepHBI U ONpEAeTICHHBIC
HEIOCTATKHU:

—HCXOMHBIA HAOOp HEUETKUX MPaBUI (HOPMYITUPYETCS IKCIIEPTOM H
MOJKET OKa3aThCsI HEMTOJTHBIM HJTH MPOTHBOPCUUBBIM;

—BUJ ¥ TMapaMmeTpbl (YHKIUH TPUHAIICKHOCTH, OIHCHIBAIOIINX
BXOJHBIC U BBIXOTHBIC TIEPEMEHHBIC CHCTEMBI, BRIOUPAIOTCS CyOBEKTHBHO U
MOTYT  OKa3aThCsi TaKUMH, UYTO HE COOTBETCTBYIOT  pEaJIbHOM
JIeHCTBUTEIBHOCTH.

Hnst  ycTpaHeHus, 10O KpailHed Mepe, YacTHMYHO YKa3aHHBIX
HEJIOCTATKOB OBUIO TMPEJIOKEHO CO3/aBaTh aJalTHUBHBIC HEUYCTKHE
CUCTEMBI, KOPPEKTHPYsl B TIpollecce WX pabOTHl MpaBwWia W MapaMETPHI
byaknui npuHaIeKHOCTH. OMHUMH W3 Hauboliee YAaYyHBIX MPHUMEPOB
TaKUX CHUCTEM SIBJISIIOTCS] HEUETKHEe HelpoHHbIE ceTh. HeueTkas HelipoHHAst
ceTb (opMaITbHO MO CTPYKTYPE WASHTUYHA MHOTOCIIOWHON HEHPOHHOM CeTH
¢ oO0ydeHHeM, HampuMmep, [0 aITOPUTMY OOPATHOTO PACIPOCTPAHCHHUS
OmMuOKN, HO CIIOW, CKPBITBIE B HEH, COOTBETCTBYIOT IO JTamam
(OYHKIIMOHMPOBAHUS HEUETKOW CHUCTeMBL. HeWpoHHas COCTaBISIONIAS
MO3BOJISIET 00YyYATh CHCTEMY U T€HEPUPOBATh HOBBIC 3HAHUS WIIU MOJIYYaTh
3HAaHUS Ha OCHOBE OMNbITa. Takue KOMOMHHUPOBAHHBIC CHUCTEMBI MOTYT
UCIOJIb30BATHCS, HANpPUMEp, NPU CO3JAHUU CHCTEMBl KJIacCHU(UKAINH
OOBEKTOB, KOTOpBHIE H300pa)XXCHbI HA MYJbTUCIEKTPAIBHBIX CHUMKaX
MIOBEPXHOCTH OKEaHa.
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B macrosimee BpeMsi IOUCTAHIIMOHHOE 30HAMPOBAHHME BKIIOYACT
pa3sHoOOpa3Hble METOIBI IMOMY4YeHHS H300paKeHWH BO BCEX AMama3oHax
3NIEKTPOMArHUTHOTO CIIEKTPa, OT HH(PPAKPACHOTO 10 YIBTPaHOIETOBOTO.
Hcxons w3 TeHAEHIMH W WCTOPHM  Pa3sBUTUS  JUCTAaHIMOHHOTO
30HIUPOBAHMS, aKTYaJbHBIMA M OYEHb HEOOXOAMMBIMH B MPAaKTHYECKOM
NPUMEHEHUH SBIIIeTCS  pa3pabOTKa H  HCCIeOBaHHE aITOPUTMOB
KJIaCCU(PUKALMU BIEKTPOONTHIECCKUX H300paKEHUH, HX MporpaMMHast
peanu3aiys ¥ CpaBHEHHE C APYTUMH H3BECTHBIMU METOJAMH HCCIIEJOBAHUSI.
B manHO# paboTe paccMaTpuBaeTcs TPOLECC PACIO3HABAHUS OOBEKTOB
n3obpakenuit. Mns Oomee APPEKTUBHOTO TIOCTPOCHUS  CHUCTEMBI
KIacCUpUKaM B HEHl HEoOXoAuMO OO0ecHeynTh KaK MUHHMYM TPH
OCHOBHBIX JTara:

1. Yay4muTe Ka4decTBO HM300paKeHUs, OINPENETUTh KOJINYEeCTBO
KJIACCOB OOBEKTOB, KOTOPhIE HEOOXOUMO KJIACCH(UITUPOBATS.

2. Onpenenuthb KOJIMYECTBO U apaMeTpsl MPU3HAKOB
ANEKTPOONTUYECKUX H300pakeHUH.

3. Pa3paboTars anroput™m mpomuecca KiIacCu(puKaImm.

Takum oOpa3oM, OJHUM U3 BaXKHEHIIUX ATAroOB pa3paboTKu Heipo-
HEUYEeTKOTro KIilaccu(pukaropa H300paKeHUH SBISETCS dTal OINpeAeeHUs
HaOopa BXOJHBIX JaHHBIX I Tpoliecca Kiaccudukanuu. B HacTosimee
BpeMsi OOBIYHO HCHONB3YETCs JIMIIb OJHOMEPHBIN CKaJIIPHBIH KPUTEPHIA:
CpeIHEKBaJApaTUYHas TMOTPEUIHOCTh WM  aOCONIOTHAs — IMPOLIEHTHAS
MOTPENIHOCTh. BmecTe ¢ TeM akTyalbHOH sBisieTcs pa3paboTka
MHOTOMEPHOTO (BEKTOPHOTO) KPHUTEPHsI, KOTOPBIf MOXET IOBBICHTH
TOYHOCTH CHCTEM pAaclO3HaBaHUS M, TaKUM o00pa3oM, IIOBBICHTH €€
KadgecTBO. B pabore mpezioxkeH Takoil METo/ mepexoaa U3 MpOCTPaHCTBA
MPU3HaKOB 00pa3oB B IPOCTPAHCTBO IIOTPEIIHOCTEH pPACIO3HABAHUS
00pa3oB, KOTOPBIH XapakTepH3yeTcs IMPOCTOTON  BBIYMCIUTEIHLHON
MPOLeIypHl U 00ECIIEYNBACT BHICOKYIO TOYHOCTH PACIIO3HABAHUS 00Pa30B.

1. John von Neumann. First Draft of a Report on the EDVAC.
University of Pennsylvania (30 utonst 1945).

2. Nyna P., Xapr [1. PacnoznaBanme o6pa3oB 1 ananm3 cieH. [lepeson
¢ anrnuiickoro I'. I'. Baifemreiine u A. M. BackkoBckoro, moj penakiuen
B. JI. Credanroka, UznarensctBo « MUP», Mocksa 1976. C. 47

3. Caatu T. Ilpunsatue perneHuii. Meron aHanm3a uepapxuit. M.:
Pamuo u cBs3e. — 1993, — 278 c.
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4, Jlenckmii  A.E., Bponesmu A.I'. MaTtemaTnueckue METOIBI
pacrio3HaBauus o0pa3oB: Kypc nexumit. — Taranpor: zn-so TTU 10DV,
2009. C. 30.

5. FAT (Fuzzy Approximation Theorem), kotopyioo O6bUTO OB
nokazano. Kocko B 1994 ropy.

KamaJgioBa FOuust bopucoBHa, actiupant 3 roga ooydenwus, kI TY
umenn M.T. Kamamnukosa, r. Vbkesck, yin. Crynendeckas ,7, e-mail —
pmkk@istu.ru, +79097138154

Peniensenr ar.H., mpodeccop Mypasnes B.B.

ANPDPY3NOHHOE OCAXKAEHUE HAHO- U CYBMUKPOHHBIX
ADPO30JIEA B THJIPOJUHAMHUYECKOM IIOTPAHAUYHOM
CJIOE
Jlynanouna M.A., [lamaxosa O.J1.

HOxHbIi PenepanbHBI YHUBEPCUTET
e-mail: ol_indt@mail.ru

Andorarus.  Llenpro  paboThI, SBIAETCS  TEOPETUYECKOE |
SKCIIEPUMEHTAIbHOE HCCIEJOBAaHUE OCAXJEHHsS HAaHO- M CYOMHKPOHHBIX
a’pO30JbHBIX YAaCTUL, B TUAPOJUHAMUYECKOM IIOTPAHMYHOM  CIIOE
IMPUMEHUTEIBHO K IpobieMe BbIOOpa MapaMeTpoB 0OOOpYJOBAaHHSA IS
WHTEHCH(UKAIIMK TEXHOJOTMYECKHUX MPOIECCOB. 3agadd HCCIICTOBAHUS
BKJIIOYAIOT B ce0si: pa3paboTKy MaTeMaTH4eCKOH MOAEIU U MpOBEICHUE
TEOPETHUYECKOTO MCCIIeA0BaHNs U3MEeHeHHs (P y3HOHHOTO IMOTOKA HaHO-
M CyOMHMKpDOHHBIX  YacTHI[ IPOMBIIUIEHHBIX  a’po30iiell  depe3
TUAPOJUHAMUYECKUIN TOTPaHUYHBIA CIOM TpH H3MEHEHHH MapaMeTpOB
MOTOKA, CpPeldbl U adpo30iil B INpejeiax 3HAUYEHHUH, XapakTepHbIX IS
Hanboiee pacIpoCTPaHEHHBIX TEXHOJIIOTHYECKHX IIPOILECCOB; CO3JaHUe
7a0OpaTOpHOM  YCTaHOBKM M HPOBEACHHE  JKCIIEPUMEHTAIBHBIX
uccnenoBaHui  qu((Y3HOHHOTO OCaXAEHHWA paslUYHBIX HAaHO- |
CYOMHKPOHHBIX a3p030Jeli yepe3 ruipoAMHaMUYECKHiA TIOTPaHNYHBIN CII0H
B IIOTOKE; CPABHEHUE TEOPUH C IKCIIEPUMEHTOM.

Maremarudeckass MOJENb  IIOKa3bIBAET  3aBHCUMOCTb  IIOTOKA
BBICOKOAIN€3MOHHOTO a3p030JIs Yepe3 I'MIPOAUHAMUYECKUI TOTPAHUYHbINA
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CJION OT Pa3IMYHBIX MapaMEeTPOB, YTO HEOOXOAUMO NPH MPOECKTUPOBAHUH
TEXHOJIOTUIECKUX YCTAHOBOK.

Paccunransl, mpencTaBieHs! B BUe TpadUKOB U MPOAHATH3UPOBAHBI
3aBHCUMOCTH OTHOCHUTEILHOTO H3MEHEHUS TUPPY3MOHHOTO MOTOKA HAHO- U
CyOMHUKPOHHBIX YaCTHII MPOMBIIUICHHBIX a’po30Jei qepes
THIPOAMHAMUYCCKAHN TIOTPAaHUYHBIN CIIONW TIPYU BAPHUPOBAHUY B PA3THIHBIX
COUYCTAHUAX Pa3MEPOB 4YACTHUIl, PACCTOSHUSI B KaHale, IUIOTHOCTH H
TeMIepaTypbl, BA3KOCTH, HA4YaIbHOI CKOpOCTU B KaHaine. TakuM oOpasom,
pa3paboTaHHass B paMKax JaHHOH paboOTBl MaTreMaTH4yecKas MOJeb
MO3BOJISIET AHAIM3UPOBATH MPOLECC OCAXKACHUS TOHKOIUCTIEPCHOHHBIX
IPOMBINUIEHHBIX a3pO30JIed uepe3 TI'HIPOAMHAMUYECKUN ITOTrPAHUYHBIN
CIIOM TIpU BapbUPOBAHWH MApaMETPOB CPEIbI, a’p030Js M CKOPOCTH
TEUYCHUSI.

HccnenoBanne OBUTIO BBIMOJIHEHO 1O TpaHTy Poccuiickoro ¢onma
dbyanamMeHTanbHbIX uccneaoBanuii, HUP 2.10.138, Hayunsiit mpoekT Ne 16-
32-50002 mo Teme wuccinemoBanusa: «OcaxaeHne u - auddysus
CyOMUKPOHHBIX ¥ HAaHO YaCTHII NTPOMBIIIICHHBIX adpo30lieli uepes
THAPOJIUHAMUYECKUN  TOTPAaHWYHBIA  CIIOM  JJI1  MHTEHCH(UKAIHA
TEXHOJIOTUIECKHX MPOIIECCOBY.

KimroueBble crmoBa. Juddys3noHHOE OCaxIcHHE, HAHOYACTHIIE,
CUTapETHBIN JTbIM, TOTPAHUYHBIA CIIOW, H3MEPEHUS, Ta3bl, IPOMBIILICHHEIC
a’pO30JIH.

DIFFUSION AND PRECIPITATION OF NANO SUBMICRON
AEROSOL IN THE HYDRODYNAMIC BOUNDARY LAYER
Lupandina M.A., Pyatakova O.L.

Southern Federal University
e-mail: ol_indt@mail.ru

Annotation. The aim of the research is theoretical and experimental
study of the deposition of nano and submicron aerosol particles in the
hydrodynamic boundary layer is applied to the problem of choosing the
parameters of the equipment for an intensification of technological
processes. Research objectives include: development of mathematical
models and conduct theoretical research changes the diffusion flux of nano
and submicron particles of industrial aerosols through a hydrodynamic
boundary layer when changing flow conditions, the environment and the
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aerosol within the range typical for the most common processes; the creation
of the laboratory setup and experimental studies of diffusion and deposition
of various nano-submicron aerosol through a hydrodynamic boundary layer
in the flow; a comparison between theory and experiment.

The mathematical model shows the relationship has high aerosol flow
through the hydrodynamic boundary layer on different parameters that must
be in the design of process plants.

Calculated, it is shown in graphs and analyzed according to the relative
change in the diffusion flow nano and submicron particles of industrial
aerosols through hydrodynamic boundary layer by varying various
combinations of particle sizes in the channel distance, density and
temperature, the viscosity, the initial speed in the channel. Thus developed
in this paper a mathematical model allows us to analyze the process of
precipitation of industrial microfine aerosols through hydrodynamic
boundary layer by varying the parameters of the medium, and the flow rate
of the aerosol.

The study was carried out by the grant of the Russian Foundation for
Basic Research, scientific project Ne 16-32-50002 Related research: "The
deposition and diffusion of sub-micron and nano-particles of industrial
aerosols through a hydrodynamic boundary layer for an intensification of
technological processes”

Keywords. Diffusion deposition, nanoparticles, cigarette smoke, a
boundary layer measuring gases, industrial aerosols.

Bo MHOrHMX TEXHOJOTHYECKHX MpOIEccaX  OCYMIECTBIAETCS
OCaXKJIeHHEe HAaHO- U CyOMHKDOHHBIX YacTHI| Ha IMOBEPXHOCTH U3 IOTOKa
TOHKOJMCIIEPCHOTO ~ adpo30JbHOTO  BemlecTBa. [lepeuncnuMm  JuImb
HEKOTOpbIE U3 HUX.

[Ipy  ouncTke MPOMBINUICHHBIX BBIOPOCOB B aTtMochepy
OCYILIECTBIIAETCS OCAKICHNUE MEJIKUX B3BELICHHBIX YAaCTHIl HA TIOBEPXHOCTH
JeTaneil OYMCTHBIX YCTAHOBOK. JIuddy3uoHHBIA MeTon co3maHns
TIPOBOAAIINX ITOBEPXHOCTEH MHKPOCXEM OCYLIECTBIIETCSA IO TaKOMY JKe
(usngeckoMy mnpuHOUITY. Tarke, HAHECEHHE pa3IMIHBIX 3aIIUTHBIX
MOKPBHITHH HA TOBEPXHOCTH JieTalleldl dYalle BCEro OCYIIECTBISETCS
OCa)KJIEHHEM M3 PacIbUICHHOTO MOTOKa. Bo BpeMs MOieToB JjieTaTelIbHBIX
anmaparoB (0COOEHHO B pailoHaX U3BEPKCHHI BYJIKAHOB), @ TAKXKE BO BpeMs
JIBIDKCHUSI HA OOJBIIMX CKOPOCTSIX IOE3I0B M aBTOMOOMIEH X KopIyca,
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JIONIaTKH TypOUH U Ap. UCIBITHIBAIOT OTHOBPEMEHHO a3pOoANHAMUYecKoe (0T
MoJIeTa) U aKycTHIeckoe (0T peBa qBuraTeneii) Bozaeiictaue. [lo Biussauem
THAPOIUHAMIYECKHX W JU((Y3HOHHBIX Ha ITOBEPXHOCTH OCAXKIAIOTCS
a’p030JH (IIBUIH, JBIMBI, TYMaHbI U3 aTMOC(EPHI).

Hcxons u3 TOro, 4TO SIBICHHUE OCAKAEHHS M3 IMOTOKA adpO30JIbHBIX
YacTHIl MMEET MEeCTO BO MHOTHX IPHPOJHBIX W TEXHOIOTHYECKHX
Ipoleccax, CleayeT pa3paboTaTb aJeKBaTHYI0 MaTeMaTH4ecKyl0 MOJENb
JUIsL OLCHKH BIUSHUA Pa3IUYHBIX (PAKTOPOB.

Teoperndeckuit aHanm3 ocakaeHUs AN HY3NOHHOTO MOTOKA Yepe3
THAPOIMHAMHYECKHH ITTOTPaHMYHBIN CIIOM OyneM NpOBOJAWTH HAa OCHOBE
YpaBHEHUS  MacCOIepeHoca C  yYeToM  CHenH(UKHA  M3MEHEHHUS
koo durmenTa 1udpdy3nu U HAaHO- U CYOMUKPOHHBIX YaCTHII B TIOTOKE.

ITockonmbKy Bce TEXHOJOTHYECKHE IPOIECCHl OCYHIECTBISIOTCS B
3aMKHYTOM  IIPOCTpPAaHCTBE,  c(hopMynupyeM  3a1ady  ABHKCHUS
a’pO30JILHOTO NTOTOKA BHYTPH KaHana. Bnonp kaHama mpoBeseM och X (pHuC.
1). Aspo3zomasasbiii notok (Ilx) mpu 3TOM IBMXKETCS BOOJIb OcH X. U3 moToka
gactun [y, BcmemcTBme mud@y3un, MPOMUCXOAWT OTIACICHWE YacTHIl B
HalpaBJIeHNH, TEPICHINKYIIPHOM OCH X. UMCIO dYacTWI], OCEBIIMX 3a
eIMHHIy BpEeMEHH Ha €IWHUIly IOBEPXHOCTH, €CThb HCKOMBIH
g dysronnsii motok ITy(X), 1/m2c.

OtnenuBmrecs U3 motoka Ilx a3po30sIbHbIe YaCTHIIBI TPOXOIAT Yepes

THAPOIMHAMIYECKHi TorparmunbIit cioit 5 _ (£ _ [V _ |70 rae yo -
Re Vo Mo p

KUHEMAaTH4YeCKasi BS3KOCTh CpElbl, p — €€ IUIOTHOCThb, 1| — CABHIOBas
BSI3KOCTB CpeJibl, Vo, — HauallbHasi CKOPOCTh IMOTOKA BHE MOTPAHUYHOTO CIIOA,
Re - ruapommHammdeckoe uucio PelfHonbaca, paBHOE OTHOIICHHUIO
WHEPIIUAIFHOTO W BSI3KOTO WICHOB B THAPOJUHAMUYECKOM YpPaBHCHHUH
Hagbe-Ctokca, l-xapakTepHblii pazMep TCUCHHS).
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y A
h
norok I (x) _
V
P
______ R ﬁgr_paﬂl/l‘iﬂblf/'l
\lHy () [Iy (x2) | Iy (x3) T cnoit O T
2222777277772 77 T

X1 X2 X3

Pucynok 1 — OrBerBnenue nudPpy3moHHOTO MOTOKA Yepe3 MOrpaHuIHbBIN
ciou

3anunieM ypaBHEHHE HEMPEPLIBHOCTH, IIPU 3TOM CUUTAEM, YTO

szo):

notok IIx Bo BPEMCHU HC U3MCHACTCA (

oI, (x) oM, (xy) 0 1
OX oy ’
IMuddysuonnsiii motok I1y(X) yepes morpaHUYHBIN CIIOM Ha CTEHKY,

3aBUCSIINHN, 110 3aKOHY PHKa, OT rpaJineHTa KOHIEHTPalul 1
ko3 purmenta muddysnn, paBeH:

17,(x)=-D on(x, y) | (2)

rie D — koodpdumment muddysum HaHO- W CyOMHKpPOHHBIX
adpO30JIbHBIX YaCTHI, M%/C,

N — cueTHas KOHIEHTparms, 1/m>.

st BBIBOJIa YpaBHEHUS TOTOKA 4epe3 MOTPAaHHYHBIA CIIOH ydTeM
CBSI3b MEXKAY YWCIOM YaCTHI, TEeMIepaTypol Cpeabl U JaBJICHHUEM,
BOCIIOJIB30BABILIKCH JUIS1 TOTO YPaBHEHHEM COCTOSIHUS MIIEaIbHOTO rasa;

pV = NKT,
N (3)
p =—KkT =nkT,
\%
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re P — AaBjieHue rasa, [la;
— 00BeM, M%;

N — 4rciio yacTHIl B CHCTEME;

k — mocrostunas bonsimana, H-M/K;

T — Temneparypa, K;

N — cYeTHAst KOHIEHTpaus yacTu, 1/m°,

Torna ypaBHenue (2) HpI/IHI/IMaCT BU/I:

I, (x)=-D d_ (ﬁ) 4)

[TockoapKy TeMIepaTypa MoToka 0JIn3ka K HOpMaIbHOH, H3MEHEHUEM
kodpdunmenTa qudQy3un B 3aBHCUMOCTH OT HU3MCEHEHHS TEMIIEPATyphI
MOTOKa MpeHeOperaem. Torna ypaBHeHHe (2) 3aHHmeM B BHJIE:

m,x=-n3 Pt _pldpdl 5)

dy kT’ dT kdT ‘T’ dy
I, () k___de/m) (6)
D AT, dT

B ypasrennn (5) dT _ ATy _ snavenne rpajlieHTa TeMIEpaTyphl B
dy )

norpannynoM cinoe, AT, =T, =T, — pasHocTs Mexay Temmeparypoii

CTEHKHU U TeMIepaTypoil MOTOKa.
3anuiieM rpaHUYHbIE YCIIOBUSA:

p=p(x) npu y=h-o;

p=0 npuy=h; (7)
T=T. npu y=h-o;
T=T. npu y=h.
__d(p/T)
[Ipounterpupyem mnpaByr 4YacTb ypaBHeHHUs (6) Y = o7 c
y4eTOM I’paHI/I'-IHI)IX ycaosui (7):
0
a P p(x)
Y = p'([x) __ Tlow __ T, __ p(x) (8)
& .
IdT T‘T" T.-T, T, (T =T,)
]

IToncraBum pesynsTart (8) B mpaByro 9acTs (6):

264



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

& p
D(Tc _Tn) Tn(Tc _Tn)

Otcrofa mosydaeM BBIPQXKEHUE Ul MOTOKA a3pO30JIBHBIX YaCTHUIL
yepes3 OrpaHUuYHbIN CIIOMH:

H(U-—Dgg) (10)

I, (x) -

(9)

W3 ypasHenwus (1) nomyunm Hy (X) mHTerpHpoBaHHEM B mpeseax
TOJIIIMHBI TOTPAHUYHOTO CJIOS:
oI, (%,y) _ aI1,(x)
oy 2 (11)
I, Gey) = f; " FE2dy = ZER [0 dy = TER (h - 6) (12)

N3 ypaBuenus (3) cnemyer, 9Tto N = % . IIpu 3TOM, I10 OTIpEICTICHUIO,

notokyactur [x(X) paBeH CKOPOCTH V a3p03071s B KaHaHe, YMHO>KEHHOW Ha

CYETHYIO KOHI_[eHTpaI_[I/II-O asposzois N(X,Y) (I, (x) = ; % = ﬁ :

M (x) = v-n(xy) (13)
M(x)=v- % (14)
[oncrasus (14) B (12), momyunm:
a(v
m,(x,y) = (Wm §) = B (15)
Uz (9) u (15):
dp(x) _ _ dl'ly(x)k(Sj (16)
dx dxk g o
dp(x) _ kTnlly(x
dx (h=6)v (17)
[TpupaBusiem ypaBHeHmI (16) u (17) u pazgenum obe yacTu Ha
K03 pureHT npn y ©.
_ dl‘[y(x)k,sj _ kTply(x) .__D
dx D  (h=8w I kSTq (18)
[Toywaem oObIKHOBeHHOE U depeHMAIEHOS ypaBHEHUE IS
muhdy3noHHOTO MOTOKA CyOMHKPOHHBIX YaCTHII yepes
THUIPOJMHAMUYIECKUN TIOTPAaHUIHBIN CITOMH:
dl‘[y(x) _
T ax y( )5(h -8 0 (19)

Pa3znensiem nepemeHHslie:
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dl'ly(x)

dx y( )6(h 5v (20)

_ dl'ly(x) _ D
My(x)  8(h-8)v dx (21)

3aTeM HHTETPUPYEM:

_ Iy, (x) dlly,(x) _rx D
My(0) my(x) Jy 5(h-a)udx (22)

HHuTrerpupoBanue naet:
—InIl,, (x) |

ny(x) _ Dx X
I, (0) §(h-8)vl,
Tlocne moacTaHOBKU MpeaciioB, MOJIydacMm:

—InIl,, (x) + InIl,(0) =

(23)

(24)

5(h 5)1;
ITorenuupyem:

My(0) Dx

My(x) Xp(a(h—s)v)
ITocne noTeHUMpOBaHMsL, UMEEM:

I, (x) = 11, (0) X exp(~

Bennuuny Hy (0) maitzem u3 ypasuenus (10) mpu x=0.

(25)

6(h— 6)1:) (26)

B wurore Tmody4aeM KOHEYHOE BBIp@KEHHE Ml pacueTa
I Gy3MOHHOTO MOTOKAa HAHO- M CYOMHKPOHHBIX adpO30JIbHBIX YaCTHI]
yepes ruApoAMHaAMUYECKUN norpaHI/Iquﬁ CJIOM:

Dx
My () = =725 exp (= 55.55,) 27)

U3 (3) cnenmyer, uto p, = nokTy, Ty = Ty — TEMIIEpaTypa MoToKa, TOTaa

¢dopmyna (27) npuHIMaeT BI/II[‘
M, (x) = -2 exp(— m) (28)

Bripaxxenne (28) HOKaSI)IBaeT, YTO MOTOK YacTUI[ Ha MOBEPXHOCThb
MO>KHO MPSMO U3MEPHUTh, €CIIM W3BECTHA CUETHAsI KOHIIEHTPALUS, KOTOpast
TaKXKe ONPEACIIICTCS HKCIEPHUMEHTAIBHO.

Crnenyer ydectb crienn(uKy BIMSHUS Ha KodpduuueHt aupdy3un
HaHO W CYOMHKPOHHBIX YaCTHIl IPEPBIBUCTOCTH Cpenbl. OWHIITEHH
paccautan kodpdumment auddy3um HacTHUI KAk  IPOHM3BEICHUE
noABMKHOCTH Ha KT. TToBMKHOCTD YaCTHIl OH OMPEACITUIT KaK OTHOILICHUE
CKOPOCTH YaCTHUIIbl U AeHCTBYIOLIEH HAa Hee cuitbl [1].

Ha aspo3onbHBIE YacTUIBI B BS3KUX Cpelax MACHCTBYET cHIia
conpotuBieHus CTokca:

F=6z7RU ,
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rone U — cramumoHapHas CKOPOCTh ABIKCHHS B BSI3KOW KUAKOCTH
TBepzoro mapa paauyca R.

Torma nmiast a’po30J7BHBIX YACTHIL, HAXOAAIIMXCS B BS3KHX Cpelrax
(KMIOKUX WM Ta3000pa3HbIX) SWHINTEHHOBCKUN K03ddunmeHT muddy3un
paBeH:

D, - KT
677R
rJie 1 — KO3 OUIMEHT CIBUTOBOM BI3KOCTH CPEIb;

R — pagmyc gacrtui [1].

HAns  HaHo #  CyOMUKPOHHBIX  YaCTHI, OC&XIAEMBIX B
TUAPOJIMHAMUYECKOM TOTOKe, KoddduumeHt muddysun, c yderom
W3MEHCHHS TOJBIKHOCTH YACTHUI] BCICICTBUE BIUSHHUS MPEPHIBUCTOCTH
Cpenbl, IPUHIMAET BHI:

kTA+«
677R
roe (1+o) — mompaBka MUUIMKEHA, YUYUTHIBAOIIas H3MEHEHHUE

MOIBMYKHOCTH MEJTbYAHIINX YACTHI] U3-3a BIUSHH IPEPHIBUCTOCTH CPEJIBI:
| | by R
1+a=1+AM(— +Qy | — |exp| - M=
R R |
snecb Am, Qm, bm — koHcrautbl, paBHbie Awm=1,246; Qm=0,42;
bxn=0,87; | — nymuna cBOGOIHOTO MpObOEra MosIeKy.1 cpepl [2].
HcxomHyro  CYETHYIO  KOHILIEHTPAIMIO Ng TOHKOAMCIEPCHBIX
a’pO30JIbHBIX YACTHI[ MPEJACTaBUM B BHIC HMCXOJHOIO IOTOKAa HAHO- H
CYOMUKPOHHBIX YaCTHII HA MOMEPEUHYIO TTOBEPXHOCTH:

Ny =—. (33)
CneﬂyeT Y4€CTb, UTO B TCPMOJUHAMHUKE MMPU U3MECHCHHUU COCTOAHUA

N
razos B (Qopmyne (3) BenuuuHa Vk =nK pomxHa OBITH paBHA

YHUBEPCAIBHOW Ta30Boil moctosHHOW Rp. Ilpm stom, K u R, cBszaHbl
COOTHOIIEHHEM YJIENBHOTO YHUCIIa MOJIEKYJ, PABHBIM Nyox =6,02365-10%
wWTyK Ha ewmons [3]. B manHOW paboTe N — 3TO cUeTHAss KOHICHTPALHSI
HaHowactul (ux umciao B M°). Torma mis cooTercTBHs (opMynsl (3)
ypaBHenuro Knanelipona — MeHnjeneeBa He0OX0AMMO BBECTH TIOITPABOYHBIH
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0J1

n
kod(pdunuent f, paBHbli oTHomeHmio fF=—2-. Ecmu pa3mepsl
n

HAHOYACTHI[ ONM3KM K pasMepaM MOJEKyJd, TO pa3paboTaHHas
MaTeMaTH4yecKkas MOJeNlb CTPOTO COOTBETCTBYET KIIACCHYECKOW TEOpUH
TEPMOJJMIHAMHYECKUX MPOIIECCOB B razax. [1o Mepe yBenudeHus: pa3mMepoB
YacTHI adp0o30Jies B raze koddGuiueHt f 0ynet Mmeaatses. Koaddunuent £
OyIeT BEIOUPATHCS M3 DKCIIEPUMEHTAIBHBIX PE3YIbTaTOB H3MEPEHHIA.
IMoacraum B (28) dopmynsl s kodpdunuenra nuddysun u
THPOJIUHAMHYECKOTO TOrPAHUYHOIO CJIOS, & TAaKKEe HCXOJHOW CYETHOM
KOHIICHTPALUK, W TIOJy4UM HTOrOBOE PACUETHOE BBIPAKCHHUE IS

T QPy3UOHHOTO MOTOKA HAHO M CYOMHKPOHHBIX YaCTHIL:
_ MokTB(1+) . KTB(1+a)x

,(x) = v\/ETnR exp(‘m)-
pv pv PV

W3 Beipakenns (34) BumHO, uTo AM((Y3HMOHHBIH TOTOK HAHO H
CyOMHKpPOHHBIX YaCTHUI[ Yepe3 THIPOJUHAMHYCCKHHA MOTPAaHUYHBIN CIIOH
3aBUCUT OT MapaMeTpoB adpo30id (CUETHOM KOHIEHTpalUUu n, U
MEIMaHHOTO pa3Mepa R 4acTHIl), CKOPOCTH MOTOKA vV U CPeAbl (TIIOTHOCTH
p, TeMuepatypsl T), a Takke OT MecTa 0Toopa mpod (KOOpIMHATa X).

HccnenoBanust HAHO a3p030JIeH CTAIN BO3MOXKHBI JIUIIG B TIOCJIEAHUE
rofibl, OJarogapst MOSBIEHUIO ATOMHO-CHIIOBOM MHKPOCKOIIMH, U paHee He
MIPOBOAMIINCH, TIOCKOJIBKY pa3sMepbl YacTHI] MEHBINE JJIMHBI BOJHBI
KpPacHOTO CB€Ta, U OHM HE BHIUMBI AJS ONTHYECKOTO U DIEKTPOHHOIO
MHKpPOCKOTIA.

Hamm  skcnepuMeHTadbHBIE — HCCIIEAOBAHMS  HAHOPAa3MEPHBIX
a’po30ieil ABIAOTCS nepBbiMU. Ilo KkpailHeld Mepe, Mbl HE HalUIM B
WCTOYHHKAX JIUTEPATYpPHI APYTHUX, KPOME COOCTBEHHBIX, ITyOIHKAITHH.

OcaxileHre YacTUIl OCYHIECTBIISICTCS Ha IIO/UIOKKHA M3 CHTalIa,
MIPEABAPHUTENIFHO OYHIIICHHBIE, KOTOPbIE, B ITOCIIECTBUH, TIPOCMaTPUBAIOTCS
10T HAHOMHUKPOCKOTIOM, pa3Mepbl To10xkeK cocTaBistoT 0.5%0.5 cm.

Hccnenyembie  a3po30ibHBIC  HAHOYACTUIIBI  00JamalT  Malioi
MEXaHMYECKOM HKECTKOCTBIO (M3-32 CMOJI, BXOAAIIMX B COCTaB CUTapeTHOIO
IBIMa), TMOITOMY CIEAyeT IPHMEHATh OECKOHTAaKTHBIE KoJeOaTenbHbIe
METOIMKH aTOMHO-CHJIOBOII MHKpPOCKOIIMH, OCHOBAaHHbBIE Ha PErHCTpanuu
nmapamMeTpoB  B3aWMOJCWCTBHS ~ KOJEONIONIerocss  KaHTHJIEBepa  C
MOBEPXHOCTBI0. B OECKOHTAKTHOM peXHMe HCCIEOYIOT 00pasIbl
Ovonornyecknx OOBEKTOB W OPraHWYEeCKHX CTPYKTYp, NpH 3TOM

(34)
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UCKJIIOYaeTcs MOBPEKACHHE 30H/a U MOBEPXHOCTU UCCIIELyeMOro o0bekTa
B IIPOLIECCE CKAHUPOBAHUSL.

Ha pucynke 1 npencraBieH pacCUMTaHHBIA 10  HUTOTOBOMY
BeIpaKeHUI0 (34) rpaduk pacnpeneneHuss TUAPOAMHAMUYECKOTO ITOTOKA
YaCTHIl CUTapeTHOro JbiMa. Kak BUIHO, MOTOK SKCIOHEHIHAIBHO YOBIBAET
C pacCTOSTHMEM OT HCTOYHHUKA a3pPO30JIs.

15.10%

1-10

1]

11
1UmPc 5410

0 0.1 0.2 03 0.4 05 0.6 0.7
X, M

Pucynok 1 — Pacnipenenenve ruipouHaMUYECKOr0 MMOTOKA YaCTHI]
curapeTtHoro asMa. O6paszern 1

OfHUM U3 OCHOBHBIX IAPaMETPOB a’PO30JEH, KOTOPBIA MOMKHO
MIPSIMO OTIPEAETUTH MPH MOMOIIY U3MEPEHUH ABIISETCS TMCTIEPCHBIN COCTaB,
KOTOpBI XapakTepusyeT pachpejiefieHue YacTUll [0 pa3MepaM U
MeJIMaHHBIN AuameTp. MennanHbi AuaMeTp — 3TO pa3Mep THIOTETUIECKOM
YaCTHIIBI, SIBJISIOIICHCS TTPEICTABUTEIIEM BCEX YaCTHI] B pobe.

JucnepcHoe pacnpeiefieHue UCCIeAyEMBIX a3p0o30Jieil MOIUMHIETCS
HOPMAIILHO-JIOTapH(PMHUIECKOMY 3aKOHY, MOATOMY II0 BEPTHUKAIBHOW OCH
OTKJIa/IbIBAEM MPOLEHTHOE COAEpKaHUE YaCTHL], a 10 TOPU3OHTAILHON ocH

Iog R .Ilpu stoM, B Takoii BepOSTHOCTHO-TOrapH(pMHUECKON CeTKe

pacrpenenenne a’dpo30IbHBIX YACTHII TI0 pazMepaM UMeeT (HopMy MPSMBIX
nuauil. [lomoOHoe sBreHne HaOMIOMAaeTcss Y MHOTHX BHIOB adpo30IIeit
(IPOMBINIIICHHBIX JIBIMOB, MPUPOAHBIX TYMaHOB, CMOTOB), YTO TOBOPHT O
MIPaBWIBHOCTH BHIOPaHHOU TeopuH [4].

[MomcuMTaR Ha TOMYYCHHBIX TIIPH TIOMOIIM aTOMHO-CHUJIOBOM
MHUKPOCKOIIHH CKaHaX OCEBIIINE YACTUIIBI U U3MEPHB HX Pa3MePhbl, TOCTPOUM
JICIIEPCHOE pacipeeieHue.
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Ha pucynke 2 mpenctaBiieHO AHUCIEPCHOE paclpeneieHue odpasia
Nel. Tlo ocH Y OTJIOXKEHO MPOLIEHTHOE COJAEP>KAHUE YaCTHUL, a IO OCH X —
pasMepsl HacTHIl B MKM. MeawmaHHBIH pasmep dactur oOpasma Nel
cocrasysiet 0.55 mukpoH. U3 rpaduka BUIHO, 9TO a3P030JIb UMEET ITUPOKHI
pas3bpoc mo pazmepam.

B naHHOM wuccrnegoBaHMM MBI MMEEM BO3MOXKHOCTH HAaNpsIMyIO
ONpEAETUTh TOTOK ad’p030Jsl, IMOCYUTAB YHCIO YAaCTHI, OCEBIIMX Ha
MOJUIOKKY 32 CIMHHIY BPEMEHHM U CPaBHHUTH IOIYYCHHBIC PE3yNbTAaTHI C
pa3paboTaHHOI MaTeMaTHIeCKOW MOJIEINBIO.

Ha puc. 3 mpencraBneH rpadMk SKCHEPHUMEHTANBHO ITOMYyYEHHBIX
3Ha4eHUH IIOTOKA a9PO30JIbHBIX YACTUL] CUTAPETHOIO JAbIMA, OCAXIECHHBIX B
THJIPOAMHAMUYECKOM MTOTOKE MPH MapaMeTpax, yKa3aHHbIX BBILIE.

100
L Rmed=0.55 MK
=
=
|_

(@]
®©
J
0}
s 10 I
I
@©
X
o
)
I
o
&)
1
0.01 0.1 1
R, MKm

Pucynok 2 — JlucriepcHoe pacipeae/icHHe YaCTUI] CUTaPETHOTO JbIMa,
OCKICHHBIX B THIPOAMHAMHIYECKOM moToke. OOpazerr Nel
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12
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005 045 024 034 043 053 062 072 08 091 1
X
PucyHok 3 — DKcIiepuMeHTaIbHO MTOJTYICHHBIX 3HAUEHUH IMOTOKA
a’PO30JIBHBIX YACTHUI] CUTAPETHOTO BIMA, OCAXKICHHBIX B
TUAPOAMHAMUYECKOM MOoToKe. [10A7105KKHN yCcTaHABIMBAIUChH
TOPU30HTANIBHO, BIOJb OCH X. BpeMs 3KCIo3uuu — oJiHa CEKyH/a.
CKOpOCTh MPOTSHKKH Bo3ayXxa B Tpyoe — 0.8 m/c.

[MonmyyeHnnsie 9KCIIEPUMCHTAJIbHBIC 3aBHCUMOCTH  XOPOIIIO
KOppEenupyloT ¢ Teopernmdeckumu. Kak BHOHO #3 TpaduKoB, ITOTOK
a’pPO30JIBHBIX YACTHIl Ha MOBEPXHOCTh YMEHBINAETCSI C PACCTOSHUEM OT
HUCTOYHHUKA.

[onBons obmrie HTOTH PabOTHI, MOKHO CIIENATH CICAYIOIINE BEIBOIBI
U 3aKJTFOUCHHUS.

TeopeTnyecku M dKCIIEPUMEHTAIBHO HccaenoBana qudysus HaHO-
U CYOMHKDOHHBIX  YaCTHI[ TNPOMBINUICHHBIX  a’po30iicli  uepes
TUAPOTUHAMUYECKUI OTPaHUYHBIN CITOM.

Teoperndecku pemraercs 3agada o JU(GPy3HOHHOM OTBETBICHHH OT
OCEBOTO TMIOTOKAa B TMEPIEHAWKYISAPHOM OT HEr0 HaNpaBICHUU W
MPOXOKICHAN Yepe3 THAPOAMHAMUICCKUHN CIIOM MOTOKA (YHCIO YacTHIl B
SIVHUILy BPEMEHH UYepe3 CIUHUIY IUIOIAAN) HAaHO- M CYOMHKpPOHHBIX
YaCTHUI IPOMBIIIICHHOTO a3P030JIsl.
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N3 ypaBHEHHS HENPEpPHIBHOCTH HAWJEHO ypaBHEHUE A
mupQy3NOHHOTO TIOTOKAa HAHO- W CYOMHMKpPOHHBIX YacTHII depe3
HMOTPAHUYHBIN CJIOH ¢ yY4ETOM IPAaHUYHBIX YCIOBUIL.

Maremarndeckast MO/JIETIh MO3BOJISIET ~ pPaccuuTaTh JUTSE
TEXHOJOTMYEeCKUX  ammapatoB  TUPQPY3HOHHBIA MOTOK  HAHO- U
CyOMHKPOHHBIX YacTHI[ Ha OCAXJAeMYIO TIOBEPXHOCTh MPU BaAPHHUPOBAHUU
napamMeTpoB al’po3ois (pa3MepoB dacTull, koddpdunueHta auddy3um,
CKOPOCTH TOTOKa), cCpeabl (BA3KOCTH, IUIOTHOCTH, TEMIIEpaTypbl) H
pa3MepoB KaHaua.

Jns TpOEeKTHPOBAaHMS TEXHOJIOTHYECKMX YCTAaHOBOK HAI0 3HAThH
3aBUCHMOCTh MOTOKA BBICOKOQ/IT€3HOHHOTO a’po3011s1 yepes
THPOTUHAMHYECKHH TOTPAaHWYHBIA CJIOH OT pas3lIMuHBIX I1apaMeTpOB.
MatemaTtuydeckasi MOZEJb MO3BOJISIET 3TO CAEIATS.

Paccunransl, mpeacTaBieHs! B BUIe rpa(uKoB U MPOAHATH3UPOBAHBI
3aBHCUMOCTH OTHOCHUTEIILHOTO H3MEHEHUS TU(PPY3MOHHOTO IOTOKA HAHO- U
CyOMHUKPOHHBIX YaCTHII MIPOMBIIICHHBIX a’po3oJeit yepes
TUIPOAVHAMUYECKUN OIPaHUYHBIN CIION IIPU BaAPbUPOBAHUY B PA3IMYHbBIX
COYETaHMUAX Pa3MEpOB YACTHII, PACCTOSIHUS B KaHaJIe, BA3KOCTH, INIOTHOCTH
Y TeMIIepaTyphl, Ha4aJIbHOHM CKOPOCTH B KaHaie. TakuM 00pa3om, co3iaHHas
MaTeMaTudeckas MOJENb I03BOJIMIA  [POAHAIU3UPOBATh  IIPOLECC
OCaXIEHNS TOHKOJMCIEPCHOHHBIX TIPOMBIIUIEHHBIX a’po30Jieil depe3
TUAPOJUHAMUYECKUN TOTPAaHUYHBIM CIION MPHU BapbUPOBAHUH MapaMETPOB
Cpe.Ibl, a3p030JI U CKOPOCTH TEUCHHUSL.

C yBenmnueHHMeM paccTOSHUSA AN(GQY3NOHHBI TOTOK  depe3
TUAPOIMHAMUYECKUI OIPaHUYHbIN CIIOH Cla/laeT 3KCIOHEHIUAIBHO.

C poctoM pasmepa dacTwIl HamaeT MUPQPY3HOHHBIH MOTOK dYepes
THPOTUHAMHYECKHH TOTPaHUYHBIN CIIOH, YTO CBS3aHO C YMEHBIICHHEM
TIOJIBIDKHOCTH CYOMHUKPOHHBIX YacCTHII IT0 CPAaBHEHUIO C HAHOYACTUIIAMH.

Bricokasg MOABWXHOCTH M aATe3MOHHAsl CHOCOOHOCTH a’3pO30JLd
MO3BOJIMIIM MOACYUTATh HAa CKaHaX OOIlee YMCIIO YACTHUI], OCAKACHHBIX Ha
CHenHaTbHbIE CHUTAJIOBBIE TOMJIOXKKH B EIWHHUIYy BPEMEHH HA EIHHUILY
wromany (T.e. uhy3uOHHBIH TOTOK).

[lo pesymbratam SKCIIEPHMEHTOB ITOCTPOEHBI I'paQUKH N3MEHEHUS
TedeHus IUPPY3MOHHOTO TOTOKa Yepe3 THAPOAMHAMHUYECKUH CIlod Ha
Pa3HBIX PaCCTOSHUIX OT UCTOYHHUKA 4-X THIIOB a3pO30JIsl.

OKCIIEpUMEHTBl C Pa3sHBIMH MEAMAHHBIMH pa3MepaMy  YacTHIL
CUTapeTHOr0 JbIMa MOATBEPANIH BBIBOJIBI, CACTAHHBIE U3 MATEMAaTHUECKOM
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MOJIeNTd 00 YMEHBIIEHWU OCAKJIECHHOTO JU(PPY3MOHHOTO IMOTOKA dYepes
TUAPOJUHAMUYECKUN TOrpaHUYHBIA CIIOM MpHU YBEIUYEHUU OT HAHO- K
CyOMHKPOHHBIM pa3MepaM YaCTHII.

[peanoxeHHas MaremaTHdeckas MojeNb ITUPPY3UOHHOTO MOTOKA
HAHO- U CYOMUKPOHHBIX YacTHUI] Yepe3 THAPOJMHAMHYECKUI TOrPaHUIHBIN
CJIO¥ TTO3BOJIAET OLCHUBAThH BIIMSIHUE TTAPAMETPOB CPEIbl, adp030JIst U MO
B TEXHOJOTMYECKHX YCTAaHOBKAaX IO OCAKACHHIO TOHKOIMCIEPCHBIX
a’po30JIeH.

HccnenoBanme ObIIO BBIMOMHEHO O rpaHTy Poccuiickoro ¢onma
¢ynmamenTansHbIx uccaenoBannii, HUP 2.10.138, nayansrit mpoexT Ne 16-
32-50002 mo Teme wuccmemoBaHms: «Ocaxkmenne W aupPy3us
CyOMUKPOHHBIX M HAHO YaCTHIl TPOMBIIUIEHHBIX a’po30yiell dYepes
THIPOJUHAMHYECKHH  TMOTPAaHWYHBIA  CIIOW Ui MHTEHCH(UKAINUU
TEXHOJOTUYECKUX TPOLIECCOBY

1. Jlaanmay JI. J1., JIupmun E. M. Mexanuka crijomHeix cpea. M. —
J1, 1944. - 244 c.

2. dyxc H. A. Mexannka a3posoneil. — MockBa: M3narenscTBo
Axanemun Hayk, 1955. — 351 c.

3. D6epr I'. CpaBounuk o ¢usuke. M.: ¢uz.-mar.-mut., 1963 — 522

4, Tumomenko B.W., YepnoB H.H. B3aumonelicreue n nuddysus
YJacTHIl B 3ByKOBOM Tonie. — PoctoB-Ha-/lony: OOO «Poctuzmary, 2003. —
304 c.

JlymanamHa Mapust AJIeKceeBHA, e-mail:
timoshenkomaria@mail.ru, r. Apmasup, KpacHogapckoro kpas, yia. 2-s
Ypurkoro 19, 2, ten.: 8(86137)71918, x.1.H.

IIsarakoBa Oasra Jlwasurosuna, OIAOY BO  «lOxHbIH
(dhenepabHBIA YHUBEPCUTETY», IHCTUTYT HAHOTEXHOJIOTHHA, SITEKTPOHUKN H
npubopocTpoeHus, Kadeapa IMEKTPOTUAPOAKYCTHIECCKOW U MEAUIIMHCKOM
texuuky; e-mail:  ol_indt@mail.ru, 347928, r. Taraupor, mep.
Hexkpacosckuit, 44, ten. 8 (8634) 37-17-95, actimpanT.

Peniensent 1.1.1., mpodeccop Bopornnn B.A.
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K BOITPOCY O BBIBOPE METOJA BUOTECTHUPOBAHUSI J1JIs1
HNCCIEJOBAHMUA BJIUSIHUSA BOAblI HA KOM®OPTHOCTD
AKU3HA
Buwneseyxuii B.IO., lllaswuna A.B.

HOxHBI# penepanbHblil yHUBEpCHTET, MHCTUTYT HAHOTEXHOJIOTHH,
JIIEKTPOHUKH U IPHOOPOCTPOCHHUS
e-mail: vuvishnevetsky@sfedu.ru, lampochka3d@rambler.ru

KauecTBo Xu3HU YenmoBeKa CKIAIBIBACTCS W3 MHOTHX HapaMETpOB,
HampuMep, (QU3MUECKUX, TICHXOJOTMYECKUX, YpPOBHSI HE3aBHCHUMOCTH,
o0mIecTBeHHOH JKU3HU U OKpYKatorei cpenbl. [locnenanii B cBOI0 odepenb
BKITFOYAaeT OE€30MacHOCTh, JKOJOTHI0, 00ECIEYEHHOCTh, JOCTYIIHOCTh H
Ka4eCTBO MEIMIIMHCKOW TTOMOIITH, HH()OPMAITUIO, BO3MOXHOCTh 00yUCHHS,
ObIT. AKIEHTHpYeM BHUMAaHHE WMEHHO Ha BIUSHHH 3KOJOTHYCCKUX
MapaMeTpoB, B YAaCTHOCTH, KadecTBa BOJIB Ha KOM(MOPTHOCTH KHU3HH
YeoBeKa.

Boma sBnsfercs HCTOYHHMKOM JKH3HM IHO00r0 OMOJIOrMYECKOTO
o0pekTa. OHAa HAXOOUTCS KaK BHYTPH, TaK Ha3bIBaeMasi BHYTPUKICTOYHAS
BOJa, TaK M BHE KIIETOK — BHEKJIETOYHAs BOJA, M SIBISETCS OCHOBHBIM
pactBoputeneM. FiIMeHHO B BOJHOH cpefie MPOTEKAIOT MHOTHE XUMHUYECKHE
peaKkIyy, CBS3aHHBIC C MPEBPALCHUSIMH Pa3IUYHBIX OHOMOJIEKYII.
ToBopuTh 0 ee Mmonk3e U PO B OpraHu3Me MOXKHO OeckoHeuHO. OTHaKO He
BCsAKasg BONA TIOJIE3HA, a HEKOoTopas Jaxke ryouTenpHa. Tak BOIHBIC
3arpS3HECHUS  CIIOCOOHBI  BBI3BIBATH  T'CHETHYECKUEC  HAPYIICHUS,
3a00J1eBa€MOCTh, ~ CHIDKaTh  YPOBEHb  POXKIAEMOCTH,  CPEIHIOO
MPOAODKUTEIFHOCTD KHU3HH M TOBBINIATE YPOBEHb CMEPTHOCTH. MIMEHHO
MO3TOMY HEOOXOIUMO pemaTh HpoOJeMy OINEepaTUBHOIO OMpPEICICHHS
TOKCHYHOCTH BOJHBIX PpECYpPCOB JJISi IPOBEIEHHS] CBOEBPEMEHHBIX
MEPOIPUSATHH 0 €€ OUHUCTKE.

B mactosmiee Bpemsi Hamboiee pacHpOCTPaHEHHBIMH METOAMHU
OTIpE/ICTICHUST KAdeCTBA BOXBI SIBISIFOTCS XUMHUYCCKWH aHaW3, aTOMHO-
a0COPOITMOHHBIN, OHMOCCHCOPHBIM METOMBI, a TakkKe OHOMHAWKANUSA H
onorectupoBanue. PaccMOTpUM KaxIbIi U3 HUX.

XUMHUYECKUH aHaJIN3 — 3TO COBOKYITHOCTh METOAOB Ka4eCTBEHHBIX H
KOJIMYECTBCHHBIX aHAIM30B BEIIECTB, OCHOBAaHHbIX HAa IPHUMEHEHHH
XMMHYECKMX peakuuii. HeoOXoauMbIM  3I€MEHTOM B TEXHOJOTUWH
MPOBEACHUS JAHHOTO METOAa SBISIETCS IPHUTOTOBICHHE PAaCTBOPOB
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XMUMHUYECKHX  BellecTB.  Hampumep,  HCHONB3YIOTCS — pa3IU4HbIE
pacTBOpEeHHBIE BelecTBa (peareHTsl, OyQepHble cMecH, (PUKCHpYIOIIHe
areHThl, KOHCEPBAHTHI U T.11.) M PACTBOPUTENH (3TAHOI M BOJHO-CIIMPTOBBIC
cMecH). XapaKTepUCTHKH 00pas3loB  BOJABI  MOTYT  ONPEAEISTHCS
HETIOCPEJICTBEHHO B OTOOpPaHHBIX Mpo0ax pa3lMuHBIMH ~ METOJaMHU,
HarpuMep, BU3yaJIbHBIM, BU3YaIbHO-KOJIOPHMETPHYECKHM,
TUTPUMETPUUECKUM, OPTaHOJENTHYECKUM, TYpOHUIAUMETPUUYECKUM U
pacdeTHbIM. XHUMHYECKHE METOJbl aHaIM3a XapaKTEPHU3YIOTCS BBICOKOM
TOYHOCTBHIO (TIOTPEIIHOCTh aHaNn3a OOBIYHO COCTAaBISAET JECATHIE 0NN
npoueHTa). Ho MHOrIa HEBO3MOXKHO TMOJIYYHTH JAOCTOBEPHBIE TaHHBIE O
COCTaBe BOJBI, TaK KaK KOHIEHTpAaIWsi HEKOTOPHIX MOJUTIOTAHTOB B HEH
MOXeT OBbITh O4YeHb Majia. B aToM cityuae mpuOeraroT K MOMOIIH JPYTHX,
Oosee TOYHBIX METOJIOB, HANpHMEp, aTOMHO-a0COPOIMOHHOTO WK
OMOCEHCEPHOTO.

ATOMHO-a0COpPOIIMOHHOM METOJ IO3BOJISIET MIPOBECTH
KOJIMYECTBEHHBIM 3JIEMEHTHBIH aHaau3 MpoObl MO aTOMHBIM CIIEKTpam
MOTJIOIIEHUS AJISl ONpPENENIeHNs] COAep)KaHHs METAUIOB B PacTBOpax MX
collei B MPUPOJAHBIX W CTOYHBIX Bogax. OH o00jamaer BBICOKOM
9KCHPECCHOCTHIO, YYBCTBUTEIBLHOCTBIO (JIECATHIE 0NN MK2/1) M XOpOIIeH
TOYHOCTBIO (OTHOCUTEJIBHAS IIOTPEIIHOCTb He Xyxke +2%). IIpeumymiectBo
METO/a COCTOHT B €ro BBICOKOH CEJIEKTWBHOCTH, HH3KHX Mpejenax
OoOHapy)KeHHsI 3JIEMEHTOB, B TPOCTOTE TOJATOTOBKH MNpod K aHAIH3Y,
BO3MO>KHOCTH OIIPEJENICHNs] HECKOJIBKHX 3JIEMEHTOB-IIpUMeECeil U3 OTHOTo
pacTBOpa 1O €AWHON METOIUKE C MOJTyYEeHHEM KOHEUHBIX Pe3yJIbTaTOB B
eaArHuIax KoHenTpanuu [1]. OqHako MeToqy IpUCyIU U HeoCcTaTKu. Tak,
OH paccuuWTaH JIMIIb Ha IIOCIENOBaTebHOE OIpeAesIeHHe OTAEIbHBIX
9JIEMEHTOB W  OTpPaHWYEH IIpeieJlaMHd  CIIEKTPAJIHOTO  JTHara3oHa
COBPEMEHHBIX ~ CIIEKTPOMETPOB, COCTABJISIONIETO ISl OOJBITMHCTBA
npu6opos 190 — 900 wm.

broceHcopHBII METON MpeaToNaraeT UCIOIb30BaHIE ONOCEHCOPOB —
AHAJMTUYECKIX IPHUOOPOB, NCTIONB3YIOMINX JUTS OTIPE/IeNICHHS XHMHUUECKOTO
COCTaBa HCCIEAyeMOH MpoOB MMMYHOXMMHYECKHE DPEaKLUH, pPEeaKIvy,
MPOXOJSIIIME B OpraHeyax, KJIeTKax WIM TKaHAX, a TaK )K€ PeaKIuH
XMUMHYECKUX COCTUHEHHI, KaTaIn3upyeMbIX (hepMeHTamMu. bronornueckuit
KOMITOHEHT TaKOro CeHcopa HaXOIUTCS B TECHOH CBA3M C (DU3UKO-
XUMHUYECKUM npeoOpa3oBaTeIeM. DepMeHTaTUBHbIE peaknuu
OMOXMMHUYECKON TpUpoABl MO cBoed ckopoctd Ha 9-12 mopsakoB
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MPEBOCXOAAT AaHAJOTMYHBIC XUMHYECKHE peakiuud. OTinyuTenbHas
0COOEHHOCTh OMOCEHCOPOB — HCKIIOYHTENBHAS CEJIeKTHBHOCTh MPH
OTIpEICTICHUH OTICIIEHBIX OPTaHUYECKUX BEIECTB, B TOM YHCIIE IECTUIIHIOB
[2].

PaccMoTpeHHBIE  METOIBI  OTIUYAIOTCS  BBICOKOW  TOYHOCTHIO
OTpeNieNiCHsT KadecTBa BOJBI, OJHAKO OHH TPEOYIOT 3HAYUTEITHHBIX
MaTepUAIBHBIX ~ 3aTpaT Ha MpoBeAeHHE wHccienoBaHus. lloaTomy
1enecoodpasHo Iepes; OCYLISCTBICHHEM MAHHBIX aHAJIH30B IOATBEPIUTH
HAJIMYHE TOKCHIHOCTH BOJHOH MPOOHL, a nanee YK€ BBIABISATH XapakTep H
KOHIICHTPALUK 3arps3HIOmuX BemecTB. HeoOxomumyro wuHpOpManuio
MOXXHO TIONYYUTh TIPH TPOBEACHUH METOJIOB OWOWHIUKAIINH |
OnoTeCTHpOBaHUS.

buonnmukanus — oOOHApYXCHHE W ONpPEICIICHHE SKOJIOTHYCCKU
3HAYMMBIX MIPUPOIHBIX U AHTPOIIOTEHHBIX HArPy30K HA OCHOBE PEakIfil Ha
HUX JKUBBIX OPTaHU3MOB HEMOCPEJACTBEHHO B cpefic X oburtanud [3]. Otn
OpTraHM3MbI UCTIONB3YIOTCS IS OLEHKH COCTOSIHUS CPEIbl U Ha3bIBAIOTCS
OnomHIUKAaTOpaMu. PerucrpupyeMbpIMu TapaMeTpaMi HEOOXOIUMBIMU IS
TANBHEHIIIEr0 OIpEIeICHUs] Ka4eCTBA BOJIBI MOTYT BBICTYNATh W3MEHCHHS
(U3HOJIOTUYECKUX, OMOXUMHUYECKUX, TCHETHUYECKUX, MOPQOIOTHISCKUX
WIH WMMYHHBIX CHCTeM OHWOJIOTHYECKUX OO0BEKTOB. I[IpemmyriecTBoM
JTAHHOT'O METOJIa SIBISIETCS OO0JIbINast HAIe)KHOCTh M 00 BEKTUBHOCTb, TAK KaK
COCTOSIHME OpraHM3Ma HampsMyI0 3aBHUCHT OT Cpelbl ero OOWTaHHs H
U3MEHSIeTCS TpU BO3HUKHOBCHHM HETATHBHOTO BO3JACHCTBUS J1I0OOOTO
npoucxoxaceHus [5]. TpyAHOCTH BBI3BIBACT PETHCTPALUS OMOJIOTHUSCKUX
mapaMeTpoB M TO, YTO YHCICHHOCTH OONBIIMHCTBA OMOMHIMKATOPOB
3aBHCHUT OT ITOTOJIHBIX YCJIOBUN U UMEET YETKO-BBIPAXKCHHYIO CE30HHOCTE. B
3TOM IUIaHE METO]] OMOTECTUPOBAHUS MPEBOCXOAUT METO]] OMOMHTUKAIIIH.
Paccmotpum monpodHee.

buotectupoBaHrme —  3TO  JKCIPECC-METOA  YCTAHOBIICHHS
TOKCHYHOCTH BOJ B J1a0OPATOPHBIX YCIOBHSIX C MOMOIIBIO CIIELUAIBHO
BEIPAIICHHBIX WM OTOOPAHHBIX TECT-OPTaHNU3MOB, TI0 TIOBEICHHUIO KOTOPHIX
MOXKHO CyIWUTh O COCTOSHUU TECTUpyeMoil cpenbl. B kadecTBe TecT-
OOBEKTOB HYAaCTO HWCIONB3YIOTCS TIPOCTEHINNE OpPraHWU3MBI, HAIPHMED,
uHOy30pun. J[aHHBIA METO]] OTIMYACTCS MPOCTOM allIapaTHON pean3alueit
U OBICTPOTOH OMNpeneNeHus] TOKCHYHOCTH BOJBI, YTO JAeT €My BECOMOE
OpPeUMyLIECTBO [0  CPaBHEHMIO C  METOAOM  OHMOMHIUKAIUH.
BuotectupoBanne MO3BONISIET HE  TOJBKO  JOCTOBEPHO  IMOIYYHTH
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UHOPMAIIHIO O KOJHYECTBEHHOM 3arpsi3HEHUH, HO U JaeT MPeICTaBIeHHE O
€ro TOCJIEICTBHH, TaK, HANPUMEpP, €CIM BOJA CHILHO TOKCHYHA, TECT-
00BEKTHI TOTHOAFOT.

B nacrosimee BpeMs B Poccuu mUpoKo pacnpocTpaHeHbl MPHOOPHI
JUTSL TIPOBEICHUST OMOTECTHPOBAHUS OCHOBAHHBIC HA PETUCTPAIINU PEAKITUH:

—TraJbBaHOTAKCHUCA — SIBICHUS OTKJIMKA TECTUPYEMBIX OPraHH3MOB Ha
pasapakeHue, BBEI3BIBAEMOE MPOMYCKAHHEM TallbBAHMYECKOTO TOKAa Uepes3
HCCIIeAyeMyo TIpo0y. DTO CKa3hIBACTCS B M3MCHEHUH XapaKTepa IBIKCHHUS
WIH HATIPaBJICHUS pocTa (y pacTeHuil);

—OUOIOMUHECIICHIIMA — SIBJICHUS W3MCHEHHS] WHTCHCHUBHOCTHU
CBCUCHUS OaKTEpHUH B 3aBUCHMOCTH OT Ka4eCTB BOJTHOM MPOOBL;

—XEMOTaKCUCa — pEeaKkUUH TeCT-00heKTa Ha  MPUCYTCTBHE
XAMHAYECKOTO pa3gpakKUTeNs, BBIPAKEHHOH B M30€raHWd BEIIECTB,
CIIOCOOHBIX HaBPEIUTH UX (DH3HOIIOTHIECKOMY COCTOSIHUIO.

[Ipuboper Takoro poga 3a CYET HECIOXHOW KOHCTPYKIMH JUIS
perucTparnyu WH(OOPMAIIMOHHOTO CUTHAIA HMMEIOT HHU3KYI0 CTOMMOCTD,
JITKH B YIPABICHHH, HO B TO K€ BpeMs OOCCIICYMBAIOT JOCTATOYHYIO
TOYHOCTh OMNPENCICHUS TOKCHYHOCTH BOJBI, TaK KaK B KadecTBE
WHAWKATOPOB 3arpsi3HEHHS] BBICTYNAIOT HW3MEHEHHS IapaMeTpoB H
[IOBEAECHUS OMOJIOrNYECKOro O0OBEKTA.

Takum oOpa3oM, ompeAeleHHE KadecTBa BOJBI IesiecooOpa3Ho
HAYMHATh UMEHHO C TIPOBEIICHIS OMOTECTUPOBAHIISI, TAK KaK JJAHHBIA METOJ
OTIIMYAETCS SKCIPECCHOCTHIO, BEICOKOM TOYHOCTHIO, MATBIMU 3aTpaTaMy Ha
MPOBEJCHUE aHamu3a. Tak e 10 JaHHBIM, IOJIYYEHHBIM B XOJe
UCCIICZIOBAHMSI MOXKHO CyIUTh O KadecTBE JKHM3HU, KaK O CTCICHb
KOM(pOPTHOCTH, TO €CTh O COCTOSHHUU YJOBICTBOPCHHS HCTOYHUKAMHM
BOJHBIX pecypcoB. UeM BBIIIE YPOBEHb TOKCHUYHOCTU BOJBI, TEM MEHBIIIE
ypoBeHb KOM(OPTHOCTH YKU3HHU.

1. Kapsxkua A.B. I'pubosckas WN.®. Meromsl ontudeckoit
CHEKTPOCKOITUH 1 JTIOMUHECIICHIINY B aHATN3E IPUPOIHBIX ¥ CTOYHBIX BOJ.
—M.: Xumus, 1987. — 304 c.

2. AnmapaTHbI THAPOMOHUTOPUHT. CKOPO MBI CMOXKEM MUTh U
Boay! / W. Onuxos [u ap.] // Dnexrponnka HTB. — 2000. — Ne4., — ¢. 54-57.

3. buonornveckuii KOHTPOJIb OKPYIKAIOIICH CPEIbl: ONOMHINKALIHS 1
ouoTecTupoBaHue: yued. mocodue i CTy . BhIcII. yueb. 3aBeaenutii / O. I1.
Menexoga, E. W. Eroposa, T. 1. EBceesa u np.; nog pea. O. I1. MenexoBoit
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u E. W. EropoBoii. — M .: W3narenbckuii meHTp «AkageMus», 2007. — 288
c.

4. Bummeenkuii B.FO. Bo3moxHOCTH ammapaTypHO# peamn3anim
OouoTecTepa I ONpeaeeHUs TOKCHYHOCTH BoHoM cpensl [Tekct] / B.1O.
Bumnesenkuii, H.I'. BbymaBkoBa // WsBectus HOxHoro deaepanbsHoro
yauBepcureta. Texandeckue Hayku. — 2010. — Ne 9 — C. 113-117.

5. IllaBmmua A.B., BumaeBenkuii B.JO. MeToapl OMOMOHUTOPHHTA.
BuotectupoBaHre TOKCHYHOCTH BOJ MpPU IOMOLIM HIPUOOPOB CEepHH
«buotect» [Tekcr] / A.B. lllaBmura, B.}O. BummneBenkuii // Jxonorus,
po0IeMbl MPIMOPCKHUX TeppuTopuii: ¢O. Tpyaos. — Taranpor, 2015. — C.
207-210.

BumneBeukuii BsueciaB IOpbeBuu, ®I'AOY BO «HOxHbIi
(dhenepanbHBId YHUBEPCUTET», NTHCTUTYT HAHOTEXHOJIOTHA, JIEKTPOHUKH 1
npubopocTpoeHus, kadeapa 3MEKTPOTUAPOAKYCTHUSCKON U MEAUIIMHCKOM
texuuky; e-mail; vuvishnevetsky@sfedu.ru, 347928, r. Taraupor, mep.
Hexpacosckwuii, 44, ten. 8 (8634) 37-17-95, k.T.H., TOIIEHT.

llaBmuna Agena BaapumupoBna, O®I'AOY BO «HOxHbii
(denepanbHBI YHHBEPCUTET», UHCTUTYT HAHOTEXHOJIOTHH, SIICKTPOHUKHU U
mpubopoCTpoeHUs, Kadeapa dIEKTPOrHIPOAKYCTHICCKOW W MEIUITHHCKOM
texuuky; e-mail: lampochka3d@rambler.ru, 347928, r. Taraupor, mep.
Hexpacosckuii, 44, ten. 8 (8634) 37-17-95, Maructpanr.

Penenzent 1.71.H., mpodeccop Tapacos C.I1.
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Cexyusn 5. Texnonozuu u 6azoevie nemenmul
MEOUUUHCKOU POOOMOMEXHUKU

PA3PABOTKA AJITOPUTMA BUOMEXAHUYECKOI'O
UCCJIEJJOBAHUSI COCTOSIHUSA CTPYKTYP JTUCTAJIBHOM
YACTH BEJPEHHOM KOCTH TP TOTAJIBHOM
SHJAOIMPOTE3UPOBAHUU
Babyuna ILU., /[mumpuesa E.U., Keunom I1.A.,

Ilemposa E.M., @ozm E.B.
CankT-IlerepOyprckuii Tocy1apCcTBEHHBIN AIIEKTPOTEXHUUSCKHMA
yanBepcureT «JIDTU» um. Yieaaosa (Jlennna)
e-mail: ekaterinamihpet@gmail.com

Amnnorarust: [lenpro uccnenoBanus siBIAETCS pa3paboTKa aqroputMa
UCCIICIOBAHUS COCTOSIHUSL CTPYKTYp OCIPEHHOH KOCTH TIpHU IOJHOM
SHJIONPOTE3UPOBAHUH, JJIsl AAJbHEHINEr0 HUCIOIb30BAaHHUS alTOPUTMA B
MPOTHO3UPOBAHUH PE3YJILTATOB OTIEPAI[HIA.

3agaun:

o I3yueHne CymiecTBYIOMEH JINTepaTyphl IO poOIeMMe;

e [logbop ¥ aHanW3 NOAXOMAMIMX IS ITAHHOTO WCCICIOBAHUS
CHHMKOB C KOMIIBIOTEPHOT'O TOMMOTpada;

¢ PazpaboTka anropurMa co3qanus KOHSTHO-3IIECMEHTHOW MOJICIIH;

o Co3tanre KOHEYHO-2JIEMEHTHOM MOJIeNH;

e MozenupoBanne  OEIPEHHOr0  KOMIIOHEHTa  JHONPOTE3a,
HerocpeacTBeHHo B mporpamme SolidWorks (B paspabotke)

o [Ipunoxenne K cucteme OeqpeHHass KOCThb-OCIPCHHBI KOMIIOHET
9HIONIPOTE3a ANHAMUYECKUX HAarpy3o0K (B pa3paboTKe)

o [lonydyeHne m aHamM3 pe3yabTATOB OTKIMKA Ha HArpyXeHus. (B
paspaboTke)

BriBoamr:

B nmawHOl cTaTthe NPHBEICHBI PE3YIIBTATHI PabOTHI, MO3BOISIOIINEC
BU3YAJIU3UPOBaTh W MPUMEHHUTh Ha MPAKTHKE OMEPAIMIO IO TOTAIHHOMY
9HIIOTIPOTE3UPOBAHUIO KOJICHHOTO CycTaBa (HMcciefoBaHWe st OOJBINOI
OepIloBOMi KOCTH C COOTBETCTBYIOIIUM KOMIIOHCHTOM JHJIIOIPOTE3a
npoBoauTCs aHajmoruyHo). C momolmpio Takux mporpamMm kak DICOM
Viewer, MeshLab, Mimics, SolidWorks u nannoro anroputma, B Oyaymem,
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€CTh  BO3MOXHOCTh IPOTHO3WPOBAHUSA PpPE3yJIbTaTOB  OMNEpaluu |
3HAYUTENBHOTO COKpALIEHHs YUCIia ONepaluil Mo peaHI0npoTe3uPOBAHUIO
KOJIEHHOT'O CycTaBa. AJIFOPUTM JOCTaTOUYHO MPOCT, UCXOJI U3 3TOTO MOXKHO
MIPEANONIOKUTh, YTO OH MOXKET MCIOJB30BATHCS HE TOJBKO TEXHUUYECKUMHU
COTPYIHHKAMH W WHXCHEPAMH, HO M MEIUIIMHCKUMH DPaOOTHHUKAMH,
3aHUMAIOIIUMUCA TOJOOHBIMU OIEpalMsIMH U 3aHMHTEPECOBAHHBIMH B
OKa3aHMM KAyeCTBEHHON MEIUIIMHCKOM IIOMOIIM HaceJeHuro. B
JNajbHeHIeM, ITUTAaHUPYeTCS CO3JaHMe aBTOMAaTHYeCKOro uHTepdeiica
MPOTHO3UPOBAaHUS PE3YJbTaTOB ONEpalud MpHU SHAONPOTE3UPOBAHUU
KOJIEHHOI'O CyCTaBa, HA OCHOBE CHUMKOB KOMIIbIOTEPHOI TOMOTpamMMBl.

KiroueBnie cIIoBa: OMOTEXHOJIOTHH, MIPOTE3UPOBAHUE,
aJTOPUTMHU3ALIMS, PEIHIOTPOTEIUPOBAHUE.

DEVELOPMENT OF ALGORITHMS BIOMECHANICAL STUDY
OF THE STRUCTURE OF STATES DISTAL FEMUR IN TOTAL
ENDOPROSTHESIS REPLACEMENT
Babchina P.1., Dmitriyeva E.I., Kvindt P.A.,

Petrova E.M., Fogt E.V.

Saint Petersburg State Electrotechnical University «LETD»
e-mail: ekaterinamihpet@gmail.com

Annotation:

The aim of this study is to develop an algorithm studies the state
structures of the hip endoprosthesis in its entirety, for further use of the
algorithm of forecasting results of operations.

Tasks:

* Study of the existing literature on problemme;

* Selection and analysis for the study of images tommografa computer;

* Development of an algorithm of creating the finite element model;

* Create a finite element model;

* Modeling of the femoral component of the endoprosthesis, directly
in SolidWorks (in development)

* Annex to the system of the femur, Hip Comp dynamic loads (in
development)

* Preparation and analysis of the results of the reaction to the load. (In
development)

Conclusions:
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This article presents the results of work that allows you to visualize
and to practice surgery in knee arthroplasty (research for the tibial
component with the appropriate prosthesis is similar). With the help of
programs such as DICOM Viewer, MeshLab, facial expressions, in the
SolidWorks, and this algorithm, in the future, we can predict the results of
operations, and a strong reduction in the number of re-replacement in joint
operations of the knee joint. The algorithm is simple enough, on this basis,
we can assume that it can be used not only technicians and engineers, as well
as health care professionals involved in such transactions and are interested
in providing quality health care to the population. In the future it is planned
to provide an automatic interface with the prediction of the results of joint
replacement of the knee joint operations based on CT scan images.

Keywords: biotechnology, prosthetics, algorithmization, re-
replacement.

N3 Bcex cycTaBHBIX 3a00JIEBaHUK OCTEOAPTPO3 SBISIETCS CaMBIM
pacnpocTpaHEeHHbIM, OT KOTOPOro IO CTaTUCTHKE cTpagaeT oT 10 no 16%
HacenmeHuss 3emMHOro mapa. A mo jgoctwkeHuu 60-70 mer aprtpos
muarHoctupyercst y  60-70%  mopmeii.  Ilpm  HesppekTHBHOM
MeIMKaMEeHTO3HOM JICYSHUH IIPHUMEHSIOT OTIEPATUBHBIH ITOJIX0/T TOTAIIEHOTO

sHjomnpore3upoBanus.  Omepanusi ~ JOCTaTOYHO ~ TpaBMaTU4YHA |
COIPOBOKJIAETCS 3HAYUTEIBHOM KpoBomoTepei. Yarie Bcero ocioXHEHUs
00yCIIOBIICHBI obocTpeHnemM XPOHUYECKUX 3a00JIeBaHMIA B

TIOCJICOTIEPAIIIOHHOM TIEPHO/Ie, OCOOSHHO Y JIUI OXKHIIOT0 Bo3pacTta. Y 85-
90%  manMeHTOB  BHAONPOTE3  KOJEHHOIO  CYCTaBa  HOPMAIIbHO
¢ynakuuonupyet B teuenne 10-12 ner. Jlanee nmmiaHTatel, KaKk IpaBwIIo,
pacIIaThIBAIOTCS B CBSA3U C MOCTETIEHHBIM Pa3pyIIeHHEeM KOCTHOTO IIEMEeHTa
WK pe30opOunei KOCTH, K KOTOPOi 3aMKCHpPOBaH SHIONPOTE3, U IPUMEPHO
20 % manueHTOB HEOOXOIWMO BBIMOJHEHHE PEIHIOMPOTE3UPOBAHUS
(3aMeHBl HCKYCCTBEHHOIO CyCTaBa) BCIEACTBHE HENPABUIBHOH €ro
YCTaHOBKH.

KommbroTepHO-HaBUTaMOHHAsT CHCTEMa IO3BOJISIET BpadaM JeNaTh
BEIOOD HEOOXOUMOTO  THUNA  JHAOIPOTE3a, OCHOBBLIBasCh  Ha
(PM3UOTOTUYECKUX OCOOEHHOCTAX, MEIUIIMHCKUX ITOKa3aHMAX, a TaKkKe C
yu€ToM Beca, CTeneHH (U3NYecCKOoW aKTUBHOCTH MAIeHTa |
WHIUBHUIYaJIbHBIX MPEANIOYTEHUH Xupypra u nanueHta. Ho Busyanuzanus
KocTell cycTaBa mNaiueHTa, MPOBOAMMAS C IOMOIIBIO HAaBUTAI[MOHHBIX
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CUCTEM H CHEIHAIU3UPOBAHHOTO MPOrPAMMHOTO 00ECIeUeHHsI Ha OCHOBE
KOMIIBIOTEPHBIX ~ TOMOTpAaMM,  HHKaK HE  OpPHCHTHUPOBaHA  Ha
OroMexaHIYEeCKIEe XapaKTEePUCTUKU MaTepHAJIOB KOMITOHEHTOB
9HJIOTMPOTE3a U KOCTHOM TKaHH MAIUEeHTa, YTO B CBOIO OUepe/b HE TIO3BOJISET
OLICHUTDH HAMPSIKEHHO-Ie(POPMHUPOBAHHOE COCTOSIHUE CTPYKTYP O U MOCIe
omepanuu. [103ToMy HEOOXOAMMO CO3/aTh METOAWKY, IO3BOJISIOLIYO
ONpPEJENUTh COCTOSHHE CTPYKTYp KOCTHOM TKaHH, CIPOSKTHUPOBAThH
TBEPJOTEIbHbIE MOJENN KOCTEH M KOMIIOHEHTOB MpPOTE3a, OCYLIECTBHUTH
YCTAQHOBKY, OICHHUTH aJC€KBATHOCTh BBIOPAHHOTO  SHAOMPOTE3a U
CIPOTHO3UPOBATH PE3YJILTAThI OMEPALUH.

ITo nanueim PHUTO um. Bpenena: C 1998 no 2011 B oTaeneHun
BBIMOJIHEHO 3670 MEpBUYHBIX TOTAIBHBIX 3HIOMPOTEIUPOBAHUI KOJIEHHOTO
cycraa. Haubojee YacTo WCMONB30BAINCH CICAYIONIME HMMILIAHTHI
npousBojacTBa Biomet (Gomee 1650), LCS npomssoactea De Puy Johnson
and Johnson (okomo 450), Sigma npoussomcrea De Puy Johnson and
Johnson (6onee 750) u Nex Gen mpoussozctsa Zimmer (Gonee 750)

Heo0x0auMoCTh B peBH3HOHHBIX BMEIIATEIHCTBAX MIOCIIE YCTAHOBKH
BBIIICTIEPEUHUCTIEHHBIX KOHCTPYKLMHA 3HAONPOTE30B BO3HUKIA Yy 92
(2,5%)npuunHaMU SBUIIKCH:

- Pa3Butre xupyprudeckoit undeximu — 37 (1%)

-AcenTuyeckoe pacuiateiBanue KoMmnoueHTos -12(0,35%)

- Hecrabunbhocts koneHnoro cycrasa- 11(0,3%)

- Hapymenue ¢ynkuun OeapeHHO-HAAKOICHHUKOBOTO CyCTaBa-
12(0,35%)

-Hapymenne  OpoCTpaHCTBEHHOM — OpPHEHTALlMM  KOMIIOHEHTOB
supomnporesa- 9 (0,25%)

-Okomnonpotesubie nepeaomsl — 7 (0,2%)

-PasrubarespHas KOHTpakTypa (OrpaHUYCHUE JBHIKCHUS ) KOJICHHOTO
cycrasa- 3 (0,15%)

-Acentuueckuii Hekpo3 Hagkonennuka — 1 (0,05) [1]

W3 npuBegeHHON BbIllIe CTATUCTUKKU BUIHO, 4yTo 0,95% cocraBistoT
mpo0IeMbl, BCIEACTBHE KOTOPHIX TPEeOYeTCs MOBTOPHOE XUPYPTHUECKOE
BMEIIIATEJIBCTBO M HMEIOT BIIOJIHE IMOHATHBIC NpUuYUHBL. Hampumep,
HEMPaBIIbHBIA MOAOOP TPaBMOTOJOTOM-OPTONEAOM THIIA DHAOMPOTE3a,
BUJIa KPEIUICHNS, HEMTPABIJIbHAS YCTAHOBKA SHIONPOTE3a U T.JI.
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CrenoBaTebHO, B JAIBHEHIIIEM METOIMKA MOXKET OBITH HalpaBieHa
Ha TIOMONIb XHPYPry NpH BHIOOpE MOIENM W Marepuasa IpoTe3a
COOTBETCTBEHHO HYX/IaM ITallieHTa.

Bromexanmueckne  WccnenoBaHHMS ~— OCAPEHHOW  KOCTH  TIPH
JUHAMHYECKHX Harpyskax, pexJie Bcero, HeoOX0oauMBI IS

e aHaNM3a COCTOSHHUSA KOJEHHOTO CycTaBa B HOpPMe, TIpH
HECTaHAAPTHBIX Harpy3Kax M MaTOIOTHYECKUX U3MEHCHUSIX;

e BIOOpa THMa (ukcanuu (C IEMEHTOM WM 0e3) KOMIIOHEHTOB
9HZIOTIPOTE3Aa (B COOTBETCTBHH C COCTOSHHUEM KOCTHO TKaHM);

e pa3paboOTKH HOBBIX METOAOB aHANIM3a COCTOSHHSA KOJEHHOTO
CycTaBa C IIPUMEHEHHEM BO3MOXKHOCTEH TPHKIAIHBIX MPOTPaMM IS
TPEXMEPHOI'0 MOJIEITMPOBAHHS U OLIEHKH HaNpsHKEHHO-e(POPMUPOBAHHOTO
COCTOSTHHS;

¢ OMOMEXaHWYECKOE HCCIIEOBAHUE MTOBEACHHS CTPYKTYP KOJIEHHOTO
CycTaBa INpHM IMHAMHYECKHX Harpy3kKax MOXKET I[OMOYb MpH BBIOOpE
Harpy3oK Ha CycTaB ¢ NPOTE30M B TEUYECHHE IepuoAa peabWINTanuu
nanueHra. [2]

Ilens

OueHka BIHMAHUS IWHAMUYECKUX Harpy3oK Ha HW3MEHEHHE B
CTPYKTypax OepeHHOMN KOCTH IIPH MOJIHOM 3HJONPOTE3UPOBAHUH.

Mamepuanvt u memoowt

BrIpaboTaH aJlrOpUTM HCCIIEIOBAHMS:

1. O3HaKOMHUTBCS CO CHHMKOM KOJICHHOTO CYyCTaBa, MOJy4YEHHBIM
IIPY TIOMOIIY KOMITBIOTEPHOI TOMOTpadHH.

2. Tloctpouts 3D-koHTYp OenpeHHOI KocTH B mporpamme Mimics,
160 noctpouth 3D-KoHTYp OeapenHoit koctu B mporpamme DICOM Viwer
ot kommnanuu Inobitec.

3. JIns momydeHWs TBEPIOTENFHOH TEOMETPHYECKOH Mojenu
OeapeHHOM KOCTH KOHBEpTHpoBaTh 3D-000104Ky, co3manHyro B Mimics
wi B DICOM, B nporpammusrii komruieke SolidWorks.

4. Tloctpouts MoOJENb OEIPEHHOTO  KOMIIOHEHTAa  IIpOTe3a,
MOJXOIIETO IO XapaKTePUCTHKaM K JAHHOMY COCTOSIHHIO CTPYKTYp
JaHHOTO KoJieHHOoTO cycraBa SolidWorks.

5. CoBmecTuTh (MO NPUHIUIY TOJTHOTO 3HJONPOTE3UPOBAHMS)
COOTBETCTBYIONIIME 4YacTH TIpoTe3a M KOCTH B  KOMIIBIOTEpHOI
cpene SolidWorks
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6. TTocTpOUTH KOMIBIOTEPHYIO MOJIENb, YIUTHIBAIOIIYIO XapakTep
BHEIITHETO BO3/ICHCTBUS, TPAHUYHbBIC YCIIOBHS, U MEXaHUYECKUE CBOICTBA
CTPYKTYp CyCTaBa.

7. TlpoBeCcTH  BBIYKMCJICHHS  HANPSDKEHWH, IMEPEMEIICHHHA |
nedopmanmii (B AMHAMUKE) B CTPYKTYpax CycTaBa, HCIOJIb3YS
naket Simulation. [3]

8. TIpoaHamH3upoOBAaTh MONYUYCHHBIC PE3YIbTATHI.

HexkoTopsie DOMyIICHHS TIPH BBITOIHEHUN aIrOPUTMA:

a.lccrnenyeM KOCTHM KOJEHHOIO CyCTaBa C COOTBETCTBYHOIUMU
3IIEMEeHTaMu npoTe3a no-otaesbHocTh B SOlidWorks (ucronb3yst kperuieHne
THINA «3aJ]eJKa» B CBOOOJIHOW YacTH KOCTH M TPUKIIAIBIBAs JABICHHE K
OMpPEICIICHHBIM YacTsAM MPOTE3UPOBAHHOTO Kpas KOCTH). [7]

b. Jlist ©oJiee TOYHOTO Pe3ysIbTaTa UMEeT CMbICT 00PATUTHCS K
HCCIIEIOBAHUIO [TOBEACHHS CBA30K KOJIICHHOrO CycTaBa. [7]

C. [IpynumMaemM martepuan CMOAECIMPOBAHHOW KOCTH U KOMIIOHEHTA
SHJIOMPOTE3a OJHOPOIHBIM H aHM30TPOITHBIM. [7]

Pesynomamui

IMpenBapuTELHBIMEU PE3YIBTATAMU JTAHHON PabOThl MOKHO CUHUTATH,
MOJYYEHHYI0 KOHEUHO-3JIEMEHTHYIO MOJeab OempeHHoil koctu. JlaHHas
MOJIeNb TepeBeaeHa B mporpammuyio cpeay SolidWorks, rmoe mnst Hee
3ajaHbl (PU3HUYECKHUE MapaMeTphl (Marepual, Tomuaa). Ha qanHoM sTarne
MBI UMEEM COJICPIKATENbHYI0 MOJIeTb OCIPEHHON KOCTH, TPUTOAHYIO st
MpPOBE/ICHUsT UCCIIeNOoBaHus (MPUIOKCHUSI HATPY30K, TMOCTPOSIHHS DITIOP
nedopmaruu, nepemenienus, HanpsbxeHust) B SolidWorks Simulation.

Buvisoowt

W3y4yeHbl CTPOEHHE KOJEHHOTO CyCTaBa, MATOJIOTHMH B KOJICHHOM
CycTaBe, CTPOCHHE COCTABISIONINX MPOTE3a KOJIICHHOTO CYCTaBa.

OcBoenbl mporpammubie maktel Mimics u SolidWorks, DICOM
Viewer «IIpocmotpiuuk» Inobitec, MeshLab [4,3,5,6].

IMonyuyena TBepAOTENbHAS MOJIENb OSAPEHHOM KOCTH BHIEC KOHEUHO-
3JIEMEHTHO apaMeTpU3UpPOBAHHOM TBEPAOH MOZENH KOCTU

W3yyeHbl CcTaThu 10 YCTAHOBKE MPOTE3a KOJCHHOIO CyCTaBa,
BKJIFOYasi BBIBEPKY OTHOCHTEIILHO OMOMEXHUYECKON H aHATOMHYECKO# OCei.

Benercss paboTa Hajg MOASTUpPOBAaHHMEM OCIPEHHOrO KOMIIOHEHTA
SHJIOMPOTE3a B mporpammuoii cpeae Solidworks.
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HNCCIEJOBAHUE MUKPOMEXAHNUYECKUX CEHCOPOB
JMUHEMHBIX YCKOPEHUM
FEoicosa O.A., Jlvicenxo UE.
HOxHbI (enepanbHbIil yHUBEPCUTET
e-mail: ielysenko@sfedu.ru

AmnHoranust. Cnpoc Ha MOMC-ycTpoiicTBa MOCTOSHHO PacTeT, Tak
kak MOMC-ycTpoiicTBa PUMEHSIOTCS MTPAKTHYCCKH MMOBCIOY. DTO MOTYT
ObITh ~MUHHUATIOpHBIC  J€Tald, Takhe KaKk TUOPAaBIMYECKHE U
MHEBMOKJIATIAHbl, MPYXHHBI Ui TOJBECKH TOJOBKM BHHYECTEPA,
MHKPOpPOOOTHI, ~MHKPOAATYMKA W  HWCIIOJHHUTENBHBIE  YCTPONCTBA,
AHAJIMTHYECKHE MUKPOIa0OpaTOPHN Ha OTHOM KPHUCTAJLIE.

B megunuae MOMC-ycTpoiicTBa HalUld IIHPOKOE MpPHUMEHEHHeE,
HalpuMep, MUKPOWHCTPYMEHTHI: CKaJbIIeNId M TNWHIETH I paboTHl C
0o0BbEeKTaMH MHKPOHHBIX pa3MepoB, HMIUIaHTHpyeMble O0nMoMDOMC,
MpeaHa3HaueHHbIE ISl CIEeKEHHs 3a MapaMeTpaMd BHYTPEHHEH Cpellbl
opraHuzMa ¢ TioMmolIpio OuoceHcopoB. I[logoOGHbIe GMOMOMC wMoryT
JIO3MPOBAHHO BBICBOOOXKIATH JIEKAPCTBEHHBIE BEIIECTBA HJIM TOPMOHBI,
HampuMep, wWHCYnMuH. Mwmmmantupyemsle O6moMOMC MoryT  OBITH
OCHAIIICHBI CUCTEMOM GeCTIPOBOIHOM CBS3U C IPYTHMH YCTPOUCTBAMH.

KiroueBsle  cioBa:  ceHCOpPBI, MHKpPOPOOOTHI, MHKPOJATUUKH,
KpPUCTAJLIBL.

STUDY OF SENSORS MICROMECHANICAL LINEAR
ACCELERATION
Yezhova O.A., Lysenko I.E.
Southern Federal University
e-mail: ielysenko@sfedu.ru

Annotation. Demand for MEMS devices is constantly growing, as
MEMS devices are used almost everywhere. It may be tiny details, such as
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hydraulic and pneumatic valves, springs for the suspension of the head of the
hard drive, micro-robots, microsensors and actuators, analytical
microlaboratory on a single chip.

In medicine, MEMS devices are widely used, for example, micro
tools: scalpels and tweezers for working with micron-sized objects,
implantable bioMEMS designed to monitor the parameters of the internal
environment of the body by means of biosensors. Such may bioMEMS
metered release drugs or hormones, such as insulin. Implantable bioMEMS
can be equipped with a wireless communication system with other devices.

Keywords: sensors, micro-robots, microsensors, crystals.

CymiectBytoT yctpoictBa Ha ocHoBe MEMC ¢ uHTerpupoBaHHOM
ONTUYECKON CUCTEMOM, Takue Kak Bujeo TadmeTka (video pill), cmocoOnas
nepeaBaTh M300paKeHUS JKEITyZOYHO-KHIIEYHOTO TPaKTa B PEATbHOM
BPEMEHHU, JAehaTh OWONCHI0O TKAHM U BBICBOOOXKIATH JIEKApCTBEHHBIC
BEIIECTBA B OTBET Ha paauocurHan. O6macteio npumeHeHuss 6noMOMC
SABISICTCS ~ MOJIGKYJSIpHAass ~QUArHOCTHKA W JIeYeHHWe 3a0oieBaHUi,
MPOTE3UPOBaHUE, MOHUTOPUHT OKpyxkatouieit cpensl. Yunet MOMC moryt
UMHTHPOBAThH OPraHbl 4yBCTB, a TaK JK€ UCIOJIB30BAThCS KaK UX MPOTe3bI [1].

OcHoBy ameMeHTHOH 0asel  MOMC-IaTYMKOB  COCTABJISIOT
MHUKPOMEXaHUIECKUE CCHCOPHI. JJaHHBIIH Kacc CEHCOPOB BKIIIOYACT B ceOs
MUKPOMEXaHHYECKHEe THUPOCKOIBI U aKcelepoMeTpbl. M3BecTHBIE Ha
CETONHAIIHUN JI€Hb MHUKPOMEXaHHUYECKHE CEHCOPHI MO3BOJIIOT HU3MEPSTh
TUHEWHBIC YCKOPEHHS W YTJIOBBEIE CKOPOCTH IO OJHOW WU ABYM OCSIM.
[TpousBonsATCS HaHHBIE YCTPOHCTBA B BHUJIC THOPUAHBIX WIM HHTETPATHHBIX
MUKpOocucTeM. V3roToBIICHHE IBYXOCHBIX U OJTHOOCHBIX CEHCOPOB Ha OJTHOM
MOJUTOXKKE, PACIIOIOKEHHBIX TI0 TPEM B3aMMHO OPTOTOHAIBHBIM OCSIM
YyBCTBUTEIHHOCTH, MPUBOANT K YBEIMYCHUIO 3aHUMACMOHN MIMH TIIOIIATH
MOJUTOKKH. Pemuth naHHyio mpobieMy — yIydIIUTh Maccora0apUTHbIE U
SHEPIreTUUECKUE XapaKTEPUCTUKH MUKPOCUCTEM, 00ECTIEYUTh BO3MOKHOCTh
pETUCTpaIH TTapaMETPOB ABIKEHUS ITOJBIKHOTO OOBEKTa IO TPEM OCSIM
YYBCTBUTEIHFHOCTH OJHUM CEHCOPHBIM JJIEMEHTOM MOXKHO NPHMEHEHUEM
HHTETPATLHBIX MHOTOOCEBBIX CEHCOPOB [2].

B nanHoi#t pabote ucciemyeTcss KOHCTPYKIMS CEHCOpa JIMHEHHBIX
YCKOPEHHH C TpeMs OCSIMH YyBCTBUTECIBHOCTH. Pa3paboTaHHEIHN
MUKPOMEXaHUYECKUH CEHCOp CONEPKHUT HMHEPLUOHHYIO Maccy, IOJBEC
YyBCTBHUTEIBHOIO 3JIEMEHTA, EMKOCTHBIC MPeoOpa3oBaTeu MepeMelieHuil,
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JJNIEKTPOCTATHYECKHE  TPHUBOJBL.  JIOCTOMHCTBO  paccMaTpUBacMOM
KOHCTPYKLIMA MUKPOMEXaHMYECKOI0 CEHCOpa 3aKII04YaeTCsl B BO3MOKHOCTH
€ro pabOTBI KaK aKCelepoMeTpa TPsSMOTO TMPeoOpa3oBaHUs, TaK U
kommneHcarnmonHoro [3] [4].

B xonme uccnenoBaHuii ObUIM pacCYUTaHBl COOCTBEHHBIC (POPMBI H
9acTOTHl  KoJeOaHWi  pa3pabOTaHHOH  KOHCTPYKIMH,  IPOBEICHO
MOIEITMPOBaHUE paOOTh MUKPOMEXaHUYECKOT'0 MHOTOOCEBOTO CEHCOPA MO
JIEUCTBUEM JIMHEWHBIX YCKOPEHUH, PACCMOTPEHO BIUSHUE DSIIEMEHTOB
MOJIBECOB  KOHCTPYKIIMM Ha  W3MEHCHHE COOCTBEHHOW  YaCTOTHI
qyBCTBUTEIHHBIX 3JICMEHTOB, BBISBICHBI THITHI TIOABECOB, B HANOOJBIICH 1
HauMEHbBIIEH CTeNeH! BIUSAIOLIUE Ha )KECTKOCTh KOHCTPYKLIUHU ceHcopa. Tak
e OBLTHM CO3/IaHbI SKCIICPUMEHTANTBHBIC 00pa3iibl [S].

B pesynbTaTe uccnegoBaHuii BBISBIEHO, YTO KOHCTPYKIIHS YIIPYTOro
MOJ/IBECA YYBCTBUTEIILHOTO AJIEMEHTa MUKPOMEXaHHUYECKOTO aKceIepoMeTpa
obecreuynBaeT paBeHCTBO YaCTOT IO JIBYM OCSM YYBCTBHTEIBHOCTH, OBLIH
MOATBEPKACHB  TTapaMeTPhl  MHUKPOMEXaHHYECKOTO  aKcellepoMeTpa,

3aJI0KCHHbIE ~ HA  JTalle  IPOEKTHPOBAaHUS:  KOJIHMYECTBO  OCEH
YyBCTBUTEIBHOCTH — 3; JHANa3oH H3MeEpseMbIX ycKopeHud — 10 g;
YpOBEHb IMOJABJICHUS TEPEKpPECTHBIX Momex — He MeHee 50 nb;

qyBCTBUTEIHHOCTh EMKOCTHOTO MHUKPOMEXaHUIECKOTO Mpeodpa3oBaTeis —
He w™enee 0,5 ¢D/g, ceeme 800 x[m/dP mnpu wucmoNBE30BaAHUH
pa3paboTaHHBIX YCTPOWCTB MEPBUYHONH OOpPabOTKH CHUTHAIOB €MKOCTHBIX
MHUKPOMEXaHHYECKHX MpeoOpa3oBaTesieii Ha OCHOBE Pa3HOCTHOTO
npuHIUna (GOPMHUPOBAHUS BHIXOIHOTO CUTHAIA.
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3®PEKT IIOBTOPEHMS TOJKAIOIIETO BO3JIEMCTBUSI HA
BOCCTAHOBJIEHUE BEPTUKAJIbHOM I1O3bI Y BOPIIOB
"Menvnuxos A.A., *Huxonaes P.IO., 2A6paM06a C.B.

SIpocnasckuii rocyapeTBEHHBIH neaarornueckuii yuusepeuret um. KJI.
YummHckoro

2PLIGMHCKUIA rOCYIapCTBEHHBIN aBUALIMOHHBINM TEXHUYECKUH YHUBEPCHTET

umenu I[1.A. ConoBnéBa
e-mail: meln1974@yandex.ru, Nikolaev.R.U@yandex.ru,

asvr@mail.ru

Lenpto paboThl OBUTO HCCIENOBATH JHHAMHKY BOCCTAHOBIICHUS
BEPTHUKAIHHON O3Bl B pE3yIbTaTe TPEXKPATHOT'O IOBTOPEHHSI TOIKAIOIIETO
BO3JICUCTBUSL Y JI3I0JIOMCTOB U HE CIOPTCMEHOB. Tak Kak yCTOWYHMBOCTH
O3Bl MOBBIIIAETCS B pe3yJIbTaTe MOBTOPEHUN MOCTYPAIBHBIX 3aJaHUN, MBI
MPEIIOIOKIIIN, YTO CTEIIEHb OTKIIOHEHUS Tella M BPEMsl BOCCTAHOBIICHHUS
HCXOJHOTO TOJIOKEHHS TOCJIE TOJKAIOMIET0 HAPYIICHUS BEPTHUKAIBHON
Mo3bl OYJET CHHXKEHO B TPEThEH MOIBITKE 10 CPABHEHHIO C MEPBOH. DTH
0COOEHHOCTH «IOCTYpaJIbHOTO OOYy4eHHs» OyayT Oosiee BBIpaXKEHBl Yy
CHOPTCMEHOB KaK pe3yJIbTaT CHCTEMaTHYeCKOW TPEHHUPOBKH (PH3HMUECKUM
YOPaKHEHUSIM.

Metoabl. OOcnemoBanbl 10 MOIOABIX HE CHOPTCMEHOB W 9
IIBIOJTONCTOB OJUHAKOBOTO BO3pacTa W aHTPONOMETPUYECKUX ITAHHBIX.
Awmrumatyna otkioHeHus (Amm) obmero nentpa masienus (OLJ), Bpems
cradbunuzanuu OLJI (BPct), ckopocts Bocctanosnenust OL/] o carurranu
(Vcar) u mo ¢pontamu (Vdp) Bo Bpems peaklMd Ha TONYOK, a TaKKe
KJIACCHUYECKHE TOKa3aTeNI yCTOWYNBOCTH BEPTHKAIBHOM TTO3BI JIO M TIOCIIE
TOJIKAIOLIETO BO3JIEHCTBHA ONpEAC/SUIM C IOMOIIBI0 cradmiorpaduu.
Heb6onpmoe (1042 N) Hazanm HampaBieHHOE TOJIKArOIIEe BO3/CHCTBHE
BEITIOJTHSJIOCH Ha BBITSHYTHIC BIIEPE] MIPSIMBIE PYKH C TIOMOIIBIO MAasITHUKA B
KOJIMYECTBE TpeX pa3 B ycinoBHAX oTKpeIThIe (OI') m 3akpsIThie rmasa (31).

Pesyabrarnl. Pasmuuua medxcoy epynnamu. JI3I00OUCTHI  HE
OTJIMYAJIMCh OT KOHTPOJISl MO YCTOMYMBOCTH IO3BI JIO M TOCIE TOJYKA.
Opnaxo cperare Amn (ipu OI': p=0,017, pu 3I": p=0,047), BPct (1pu OI":
p=0,026, npu 3I': p=0,049) u Vdp (npu OI': 0,003) O6buIH CYIIECTBEHHO
MeHblle y OoproB. OmHako Vcar He omIMYanach MEXIy TPYIIaMH.

290



XIV Bceepoccwuiickas HayqdHO-TEXHHYIECKask KOH(PEepeHIH

Dpgexm nosmoperus. IIoBTOpeHHE TP pasza TOJKAIOIIETO BO3ACHCTBYS HE
OKa3BIBAJIO 3HAYUTENHHO 3P QeKTa Ha MOKa3aTeIH BOCCTAHOBIEHHS TI03BI B
OTBET HAa TONYOK B o0mei rpymme ucneityembix mpu OI. Ilpm 3T
OTHO(AKTOPHBIN aHAU3 Ul TOBTOPHBIX M3MEPEHUI MOKa3ajl CHIKEHHE
BPcr (p=0,031), Vap (p=0,031) u Vop (h=0.022) B TpeTheil MOIBITKE
OTHOCHUTENBHO TIepBoi. OtHaK0 3((PEKT NOBTOPEHUS HE PazIHyalics MEeX Iy
rpymamH.

3akniouyenne. TpoekpaTHOE TOBTOPEHHE HAPYIICHUS TIO3BI C
TIOMOIIBI0 HEOOJBIIOTO TOMYKA HE W3MEHSET NMOCTYPAJIbHYIO PEAKIHIO B
yenoBusix OI', HO CHIDKaeT CKOpOCTh BOCCTaHOBIICHHMS IO CArHTTald U
(hponTamy npu 31" K TpeThei monbITKe. XOTS Y A3I0JOMCTOB BOCCTAHOBIICHIE
BEPTHUKAIBHOM O3Bl 1OCJE TOJNYKA MPOMCXOAMIO B CPEJHEM C MEHBIIUM
OTKJIOHEHHEM U OBICTpee, OJIHAKO CIIOCOOHOCTh K IOCTYPajJIbHOMY
00y4YeHHIO B pe3yiIbTaTe MOBTOPCHHUS TECTA HE OTIMYAIOCH OT KOHTPOJISL.

KuiroueBbie cjioBa: OCTYpalbHBIN OanaHc, cTadmiorpadus, TOIUYOK,
OOpIIBI.

THE INFLUENCE OF THE TRIPLE REPETITIONS OF PUSHING
POSTURAL PERTURBATIONS ON THE RECOVERY OF
VERTICAL POSTURE IN WRESTLERS
'Melnikov A.A., ®Nikolaev R.Y., 2Abramova S.V.

Yyaroslavl State Pedagogical University
ZRibinsk State Institute of Technology
e-mail: meln1974@yandex.ru, Nikolaev.R.U@yandex.ru,
asvr@mail.ru

The paper investigated the effects of the triple repetitions of pushing
postural perturbations on the recovery of the vertical posture in judoists.
Since stance stability improves with the repetition of the postural tasks, we
hypothesized that the degree of body tilt and the recovery time of initial
position after perturbation will decrease from the first to the third attempt.
These features of "postural learning” because of the trial repetition will be
more pronounced in athletes.

Methods. 10 non-athletes and 9 judoists having a similar age, weight
and height participated in the study. The amplitude of center of foot pressure
(CFP) deviation (Amp), CFP stabilization time (ST), the CFP velocity in the
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anteroposterior (RVap) and the mediolateral (RVml) directions during the
postural reaction and body sway indexes before and after the impact were
determined by stabilography. The small (10 £ 2 N) posteriorly-directed
pushing impact applied to both the subjects’ extended hands performed three
times using the pendulum in position with open (OE) and closed eyes (CE).

Results. Judo vs control. No body sway indexes during quiet standing
with OE and CE before and after the push differed between groups. The mean
values of AMP (OE: p =0.017, CE: p=0.047), ST (OE: p=0.026, CE: p=
0.049) and RvVml (EO: p = 0.003) were significantly less in athletes.
However, RVap did not differ between groups. Repetition effect. The triple
repetition of the postural task did not change postural responses to the push
during OE. During CE ANOVA revealed decreases in ST (p = 0.031), RVap
(p =0.013) and RVmI (p = 0.022) in the third attempt compared to the first.
However, the repetition effect as indicated by two-way ANOVA did not
differ between groups.

Conclusions. Triple repetition of postural perturbations did not alter
postural reaction in position with open eyes, but it reduced the CFP recovery
velocities in the sagittal and frontal planes during closed eyes. Although
judoists had a better postural recovery during pushing perturbations but their
ability to "postural learning™ during the task repetition did not differ from
controls.

Keywords: postural balance, stabilography, pushing, wrestlers.
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