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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTyaJIbHOCTH PabOTHI.

Mzydenne ak THBHOCTH FOJIOBHOT'O MO3Ta, CBA3AHHOI ¢ BBLITOJTHEHUEM JIBUZKEHMIT,
SIBJISIETCS CJIOYKHOM 3ajiaueil, jexKalieil Ha CThIKe HelpoHayKM, MeJIUIIMHBI U Ono-
duzukn. Jannas npodeMa nMmeeT OJIM3KYIO CBSI3b CO cdepoil HelipopeadbuaInTanm
II0CJIe TpaBM T'OJIOBHOTO MO3ra, B YaCTHOCTU, WHCYJILTOB, U Pa3JINIHLIX KOTHUTHB-
HBIX HapPYIIEHUN U HelpogereHepaTUBHBIX 3abosIeBaHmit!. OJIHOBpEMEHHO, TaKue
UCCJIEJIOBAHIS CBSI3aHbl ¢ Pa3paboTKO cucTeM yIIpaBjeHusl ITPOTE30B 1 pOOOTH-
3UPOBAHHBIX YCTPOHCTB (9K30CKEIETOB) Ha OCHOBE UHTEP(hEiCOB MO3I-KOMIILIOTED
(MUMK), uaenTudunupyommx naTTepHbl aKTHBHOCTHA MO3Ta, CBSI3aHHBIE C JIBUZKe-
HIAMNIZ.

st periennst 3TUX 3a/1a49 HEOOXOIMMO JeTaJIbLHOE NCCTIEJOBAHIE CEHCOMOTOPHOI
UHTerpaluyl B NOJIOBHOM MO3re, TO €CTh 00beHeHns 1 00pabOTK NHMOPMAIIIH,
MOCTYTIAIONIEl OT OPraHoOB YYyBCTB B CEHCOMOTOPHOI cHCTeMe, 3aKaHINBAIONIEeCs
peaxieil Ha HUX B BUjIe ClIeNN(DUUIHBIX JIBUraTeIbLHBIX aKTOB. CeHCOMOTOPHAS CH-
cTeMa BKJIIOYaeT B cebsl CeHCOPHBbIE, MOTOPHbIE U TIeHTPaJIbHbIe KOMITOHEHTHI NHTE-
rpamyi 1 00pabOTKU U OIPEJIE/IsieTCsl CJI0KHBIM B3aUMOJICCTBIEM PA3JIMIHbIX 30H
MO3Ta, BO MHOI'OM 3aBUCSIIUX OT THIIA CTUMYJIOB U coBepItaeMoii akTuBHOCTH. CeH-
COMOTOpHas WHTerpalus urpaeT KJIUeBy0 POJib BO B3aUMOJIEHCTBUN U€I0OBEKA C
BHEIIHEH cpeJIoil, MOCKOIbKY OHa covueTaeT B cebe KOTHUTHBHYIO, TEePIIENIIOHHYIO
1 JIBUTaTe/IbHYI0 aKTUBHOCTH. [lojiyueHne mHpoOpMalmm 0 CeHCOMOTOPHON MHTe-
rpalnunl BO3MOXKHO IIYyTEM aHaJn3a CeHCOMOTOPHOIO purMma DI, KOTOPhI Tak:Ke
SIBJISIETCS BayKHOM XapaKTEePUCTUKON JIBUTATETLHON aKTUBHOCTU U 9aCTO MUCIIOJIb-
3yercs B paspaborke VIMK ¢ 6uosornaeckoii o6paTHoOil ¢BsA3b10°2.

Bouibitioe qmesio ncesieoBanuil MpU3HAIOT BO3PACTHBIE U3MEHEHUA B CEHCOMO-
TOPHOI MHTErPal BayKHBIM UCTOYHUKOM MHQOPMAIMI O TOM, KaK CTapEHHe BJIH-
sieT Ha (QYHKIHOHUPOBaHUE Mo3ra. OCHOBHON NPUYMHON 9TUX M3MEHEHUil sIBJIs-
I0TCsl CTPYKTYpHbIe U (DYHKIMOHAJIbHbIE U3MEHEHUs] B HEIIPOHHOII ceTu KopTeKca,
SIBJISTIOIIUECS €CTeCTBEHHBIM CJIEJICTBUEM 3JI0POBOIO cTapeHus. MHOKeCTBO uccie-
JIoBaHUi Ha Oa3e HefPpOBU3yaIN3AIUN TOKA3LIBAIOT BO3PACTHOE CHIKEHNE 00bEMA

U LIEeJIOCTHOCTU CEPOIro H 6eJ10T0 BeH];eCTBas7 a TaKzKe CHH2KCHME TOJIIIUHBI KOP-

1Stoykov M. E., Madhavan S. Motor priming in neurorehabilitation //Journal of neurologic physical therapy.
—2015. - V. 39. - No. 1. - P. 33.

2Hramov A.E., Maksimenko V.A., Pisarchik A.N. Physical principles of brain-computer interfaces and their
applications for rehabilitation, robotics and control of human brain states. //Physics Reports. — 2021. — V. 918.
- P. 1-133.

3Yuan H., He B. Brain—computer interfaces using sensorimotor rhythms: current state and future perspectives
//IEEE Transactions on Biomedical Engineering. — 2014. — V. 61. — N. 5. — P. 1425-1435.

4Grigorev N.A., Savosenkov A.O., Lukoyanov M.V., Udoratina A., Shusharina N.N., Kaplan A.Y., Hramov
A.E., Kazantsev V.B., Gordleeva S. A BCI-Based Vibrotactile Neurofeedback Training Improves Motor Cortical
Excitability During Motor Imagery. //IEEE Trans Neural Syst Rehabil Eng. — 2021. — V. 29. — P. 1583-1592.

5Ziegler D. A. et al. Cognition in healthy aging is related to regional white matter integrity, but not cortical
thickness //Neurobiology of aging. — 2010. — V. 31. — Ne. 11. — P. 1912-1926.



Tekcal, 4TO BIMAECT Ha KOHTPOJIb JIBHKCHHUIT, Gajanca, IPOIPHOIEHIIN, CKOPOCTH

MOTOPHOII peaKInu 1 padodeil mamMsiTu.

VccieroBanue 1ogo00HBIX M3MEHEHNT CEHCOMOTOPHO NHTerpalun TpedyeT pas-
paboTKu 3PPEKTUBHBIX METOJI0B JTEKTUPOBAHUS U KJIACCH(PUKAIIINI JIBUTATE b
HBIX ITATTEPHOB JIEKTPUIECKOI aKTUBHOCTH MO3ra, TaK KakK CYHIIEeCTBYIONINE CIIO-
coObI aHam3a curuajoB DI, KoTopble XapaKTepu3yIlOTCs CHILHON HecTalmoHap-
HOCTBIO 1 HI3KUM COOTHOIIEHUEM CHTHAJI/TIIYM, UMEIOT psiJi orpanndennii. B gacr-
HOCTH, TPAJUIINOHHBIE METO/Ibl 1aCTOTHO-BPEMEHHOI'O aHAJIN3a MTOKA3BIBAIOT XOPO-
I pe3ysIbTaT MPU yCPeHEHNN HEeCKOJIbKUX dparMeHToB 3armuceit 991, oHako
ux 3PEKTUBHOCTD B PEXKUME PEaJIbHOI'O BPEMEHH CHUXKAETCsI, 4TO Jie/laeT HeBO3-
MozKHBIM TipuMenenne nx B UMK. IIpn ncnonmbzoBannm MeTo/10B UCKYCCTBEHHOTO
nnre/iekta (UN) maa kraccudukarmun narrepaoB 991 0CHOBHOM CJI0ZKHOCTHIO
SIBJIsIeTCS BbICOKasi BapuadeibHOCTh 3 deKkTa Kak B IpyIIle, TaK U Ha yPOBHE O/I-
HOI'O MCIBITYEMOI'0 OT OJHON 3KCIIEPUMEHTAJILHOI ceccnn K ,szyr()I'?I7, 9TO 3HAYU-
TeJILHO 3aTPY/IHAET JIeTeKTHpOBaHne 3HaYUMBbIX 3hdekToB. JIpyroii mpodeMoit
KJaccupukaTopos Ha ocHoBe NN aBisgercd ciaabasg NHTEPHIPETUPYEMOCTD PE3YJIIb-
TaToB. TakuM 0Opa3oM, aKTyaJIbHON 3ajadeil sBjisieTcsi pa3pabOTKa HOBBIX METO-
JIOB aHa/IM3a CUrHaJI0B DI, yCTONYNBBIX K YKa3aHHBIM BBIIIE OIPAHIYCHUSIM.

B konTekcTe paspaboTKu METOO0B JIJIsI BblJIEICHUsT XapaKTePHbIX 0COOEHHOCTEI
HEHPOMU3NOIOrNIeCKIX CUTHAJIOB, 3HAYUTEIBHBI MHTEPEC MPEeJACTABIAIOT METO-
JIbl aHAJI3a, CJI0YKHOCTH BPEMEHHBIX PsiJIoB. B HeaBHUX HCC/Ie0BaHIAX [T0KA3aHO,
YTO SHTPONUNHBIE METOJbI B IIPUMEHEHNN K OMOJIOTMYECKUM CUIHAJAM IT03BOJIS-

[OT IMArHOCTIPOBATH HATOJIOIMYECKIE IIPOIECCHI, TaKue KaK pPaccTpoiicTBa cHa®,

HapyIIeHNs cepednoro purMa’, smmenTudeckas akTusHocTs Mosral’ n .. Kpo-
Me TOTO, XOPOIIO N3BECTHBIM MapKEePOM 3JI0POBOIO CTAPEHUST SIBJISIETCSI CHUZKEHITE
caoxknocti curnasos DI cocroanusa mnokosa!. Ojnako, IpuMeHeHe SHTPOIINi-
HBIX METOJIOB TaKKe CBSI3aHO C OIpPeIeNEHHBIMU orpannueHusMu. Meton dpak-
TaJIbHOI PasMepHOCTH, HECMOTPSI Ha IIPOCTOTY U YHUBEPCAJIHHOCTD, JacTO MO/IBEep-
PAIOTCsT KPUTHUKE M3-3a OOJIBINOf 1yBCTBUTEIBHOCTH K COOTHOIIEHUIO CHTHAJ /Iy M,
a TaK»Ke y3KOIo MHTepBaJia cBoux 3HadeHuii. [locieanee MoykeT MpuBeCTH K 1JI€H-

THUYHBIM pE3yJibTaTaM 11PN aHaJIn3€ Pa3/IMYHbIX CI/IFHaJIOBu. I[pyFI/IM Hea10CTaTKOM

5Lemaitre H. et al. Normal age-related brain morphometric changes: nonuniformity across cortical thickness,
surface area and gray matter volume? //Neurobiology of aging. — 2012. — V. 33. — Ne. 3. — P. 617.

“Kam T. E., Suk H. I., Lee S. W. Non-homogeneous spatial filter optimization for ElectroEncephaloGram
(EEG)-based motor imagery classification //Neurocomputing. — 2013. — V. 108. — N. 58-68

8Acharya U. R. et al. Nonlinear dynamics measures for automated EEG-based sleep stage detection
//European neurology. — 2015. — V. 74. — N. 5-6. — P. 268-287.

9Billeci L., Varanini M. Characterizing electrocardiographic changes during pre-seizure periods through
temporal and spectral features //2017 Computing in Cardiology (CinC). — IEEE, 2017. — P. 1-4.

10Acharya U. R. et al. Automated diagnosis of epileptic EEG using entropies //Biomedical Signal Processing
and Control. — 2012. — V. 7. — N. 4. — P. 401-408.

HTshii R. et al. Healthy and pathological brain aging: from the perspective of oscillations, functional
connectivity, and signal complexity //Neuropsychobiology. — 2017. — V. 75. — N. 4. — P. 151-161.

12Kesié¢ S., Spasi¢ S. Z. Application of Higuchi’s fractal dimension from basic to clinical neurophysiology: a
review //Computer methods and programs in biomedicine. — 2016. — V. 133. — P. 55-70.
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SHTPOINUITHBIX METOJIOB $IBJISIETCS YyBCTBUTEJILHOCTh K JIJINHE PACCMaTPUBAEMOIO
BPEMEHHOTO Psijia, YTO MPUBEI0 K paspaboTKe pas3ndHbIX MOJIMMUKAINN B 3aBU-
CUMOCTH OT TIEJIN UCCJIC/IOBAHUS.

B nucceprarnmonnoit pabore mpeiaraeTcsa MUCIOJIb30BaTh PEKYPPEHTHBIN aHa-
JIN3 JIJIsT OTIEHKH CJIOZKHOCTHU CUTHAJI0B DI, cBsSI3aHHBIX CEHCOMOTOPHON MHTErpa-
[Ueil Ipu COBEpIIIeHNN JIBUZKEHUIT, & TaKzKe JIJId N3YYeHUsA BO3PACTHBIX U3MEHEHUI
MyTEM aHaIn3a CJIOYKHOCTH curHajoB DI PekyppeHTHBII ana 3 mpe1ocTaBis-
eT MOIIHbII MHCTPYMEHTApUil Jijisd U3y4eHUs] PEKYPPEHTHBIX COCTOSHUIT JIMHAMU-
YECKUX CHCTEM C TTOMOIBIO aHAIN3a COOTBETCTBYIONINX BPEMEHHBIX psijioB. Mepbl
PEKYPPEHTHOI'O aHAJIM3a U3MEPAIOT CJIO?KHOCTh CUCTEMbI HA OCHOBE €CTECTBEHHOTO
CBOMICTBA JMHAMIYIECKNX CUCTEM BO3BPAIIATHCA K COCTOAHUAM, OJTU3KUM K TTPE/Ibl-
aymmM. B nocennee BpeMs HabIoqaeTes pacTyImil HHTEpec K PeKyppPeHTHO-

MY aHaJIU3y IIPpUMEHNUTE/ILHO K HGﬁpO(i)HSHOJIOFH‘JGCKHM CI/IFHaJIaM14’15

, BO MHOT'OM
00YCJIOBJIEHHBI €10 CII0COOHOCTHIO 00XOAUTH BbIIIEyKa3aHHbIE OIPAHUYIEHUST CYIIe-
CTBYIOIINX METO/IOB aHAJIM3a CJI0YKHOCTH BPEMEHHBIX PsIIOB.

BrlleckazaHHOe OIPEJIe/INIO aKTYaJIbHOCTh HACTOSINEH pabOThl U CJIELYIONIIe
13 HeE 11eJIn U 3a/1a4l.

ILlesb padoThl cOCTOUT B M3YUYEHUH OCOOEHHOCTEH CEHCOMOTOPHOI MHTErPaIIn
B MO3I'€ YeJI0BEKa, a TaK»Ke BO3PACTHBIX U3MEeHEeHU (DYyHKIMOHUPOBAHIST CEHCOMO-
TOPHOI KOPBI MO3Ta, BBIABJISIEMBIM C ITOMOIIbIO PEKYPPEHTHOTO aHa 38 CJI0KHO-
CTU CUTHAJIOB 3JIEKTPO3HIIE(DAIOrPAMMBI.

st mocTurkeHns: yKa3aHHOM Iesin OBbLIM [TOCTaBJIEHBI U PEIIeHbl CJIeYIONINe
3aJIaYMN:

1. UccnenoBano BiMsiHEE JBUIATE/JbHOI aKTHUBHOCTU Ye€JIOBEKA Ha CJI0XKHOCTH
curHajiop 991", 3alMcaHHbIX BO BPeMsi CeCCUU TPEHUPOBKM CEHCOMOTOPHOI MHTE-
rpaiun. Boijesenbl xapakTepHble 0COOEHHOCTH CJIOYKHOCTH CHTHAJI0B DI, cBs-
3aHHBIX C JIBUTATEJIHHON AKTUBHOCTHIO, Ha OCHOBE PEKYPPEHTHOI'O aHaJIn3a.

2. MIay4eHo B/MsiHIE 3JI0POBOIO CTapeHusi Ha CJI0KHOCTH cUrHaJoB DI, 3amm-
CAHHBIX BO BPEMs CECCUU TPEHUPOBKHU CEHCOMOTOPHOI MHTEI'PAIIH.

3. UccrieioBanbl BO3pacTHbIe U3MEHEHHsST B ceTH (DYHKIMOHAJIbHBIX CBsi3eil ro-
JIOBHOI'O MO3ra Ha Pa3HbIX dTallaX BLIIOJHEHUsI JIBUKEHHsI IIPU IIOMOIII MeTO/Ia Ha,
OCHOBE MaIlIMHHOTO O0YYEeHMUSI.

4. PazpaboTan ajropuTM JIeTeKTUPOBAHUS 1 KJIaCCU(PUKAIINN JIBUTATEIHLHO aK-
TUBHOCTH HA OCHOBE MEP CJIOKHOCTU CUTHAJIOB DI, CBA3ZAHHBIX C JIBUKEHUSIMI.

5. Pazpaboran criocob jerekTupoBanusi norennuaa P300 Ha OJUHOYHBIX Bpe-
MEHHBIX psjiax 99" Ha 0CHOBE PEKYpPPEHTHOI'O aHaJIN3a.

OOGBbEKTOM HCCJIEIOBAHUS SIBJISIETCS SJIEKTPUUIECKast aKTHBHOCTb IOJIOBHO-

I3Marwan N. et al. Recurrence plots for the analysis of complex systems //Physics reports. — 2007. — V. 438.
— Ne. 5-6. — P. 237-329.

14Bosl W. J., Tager-Flusberg H., Nelson C. A. EEG analytics for early detection of autism spectrum disorder:
a data-driven approach //Scientific reports. — 2018. — V. 8. — N. 1. — P. 1-20.

5Dick O. E. et al. Analysis of EEG Patterns in Subjects with Panic Attacks //Human Physiology. — 2020. —
V. 46. — P. 163-174.



o MO3Ta YeJIOBeKa, M3MepsieMasi ¢ UCIOJIb30BaHneM 3JIeKTpodHIedasorpadun, Bo
BpeMs IPOIecca CEHCOMOTOPHOI WHTErpaliy, 3aKJII0YaloNerocs B BBITOJTHEHUN
JIBUYKEHUI PyKaMU IIOCJIe BOCIPUATUS 3BYKOBBIX CTHMYJIOB.

HayvHas HOBU3HA COOTBETCTBYET IACIOPTY cleruajbHocTn 1.5.2 — «buodu-
3UKay U 3aK/II0YAETCA B OOHAPYKEHNN XapaKTEPUCTHUK JIEKTPUIECKO aK THBHOCTI
I'OJIOBHOI'O MO3Ia UeJIOBEKa, CBSI3aHHOI ¢ IIPOIleccaMil CEeHCOMOTOPHOI MHTEr DAL,
BKJIIOUas U3MEHEHUsI B CJIO?KHOCTU CUTHAJIOB D1 BO BpeMsi BOCIIPUSITHS 3BYKOBBIX
KOMaH/I U TIOCJIEIYIOIINM BBITTOJTHEHUEM JIBUKEHUIT, a TAK»Ke B BBIJICJICHIN BO3PACT-
HOM JIMHAMWKH 3TUX XapaKTEPUCTUK C TTOMOIIBIO MeP PEKYPPEHTHOIO aHaIN3a.

B nannOll guccepTaloHHOIl paboTe ObLIN BIIEPBbIE PACCMOTPEHbBI CJIeIYOIIe
BOIIPOCHI:

1. UccnemoBanbl fuHAMIYECKHE XapPaKTEPUCTUKN 3JIEKTPUUIECKON aKTUBHOCTU
IOJIOBHOT'O MO3Ta Ye/I0BEKa, CBIA3AHHBIX C BLITOJHEHNEM JBUKEHUI, ¢ TMOMOIIHIO
PEKYPPEHTHOIO aHaJIM3a CUIHAJIOB DI

2. Ha ocHoBe xapaKTepUCTUK CJIOKHOCTH CUTHAIOB DI cBI3aHHBIX C IIPOIIEC-
COM CEHCOMOTOPHOI mMHTerpaiuu, ObL1 pa3paboTaH CIocod KJaccuUKAIIU JIBH-
JKeHNl JIeBOII 1 IIPaBOil PYKOIl, OCHOBAHHOI Ha KOHTpaJIaTePaJIbHOCTU Mep PeKyp-
PEHTHOI'O aHa/Iu3a, [MO3BOJISIONIUI pa3/niaTh JIBa TUIIA JBUKEHUN B 3aBUCHMOCTHI
OT 3HAYEHUN CJIOKHOCTH CUIHAJIOB DI B pasHbIX MOJIYHIAPUAX MO3Ta.

3. Bour paspaboTan criocod JieTeKTUpoBanus BbizBaHHOro norenmuaia P300 na
OCHOBE PEeKyppeHTHOro BpemMenu. ITokazaHo, 4To mpejjaraeMblil criocod JIeTeKTH-
pPOBaHNUsI 1103BOJIsIET BBISIBUTH moTeHImas  P300 Ha oTaenbHbIX 3amnmcsax 99" B ciry-
Jasgx, KOrja TPaJuIIUOHHbBIN CIIOCOO OKa3bIBaeTCs HeI(PMEKTUBHBIM.

4. BbL/10 BBISIBJIEHO BJIMSTHIE 3JI0POBOI'O CTapEeHHsI Ha BpeMsl HeIIPOHHOM peakIiun
Ha COBEPIIEHNE JIBUXKEHUS, 3aK/II0YAI0Ieecd B CHUYKEHNN CKOPOCTU BOSHIKHOBEHUST
CBSI3AHHON ¢ coObITHeM necunxponnsannu (- (8-14 ') u S-purmos (15-25 T'n) ¢
BO3PACTOM, & TaKyKe CJIeJIyIoliee 3a HUM BO3HUKHOBEHNE aMOUJIEKCTPUN Y Jojiett
IIOZKIJIOIO BO3PACTA.

5. Brlna ycranoBiena 3aBUCHMOCTb MEXKIY CJIOXKHOCTHIO CUTHAJIOB DI’ B 11e-
pUOJT BpEMEHHU, TPEJIIIECTBYIONIEH JBUKEHNIO, U BhIPAXKEHHOCTHIO JIBUTATEIHHOTO
marrepHa y Mosobix (25.5 + 5.2 sier) n nokusbix (65 £+ 7.1 j1eT) ucnbITyeMbx.
BbL10 10Ka3aHo, 9TO CI0XKHOCTH IOCTCTUMYJIbHBIX CUTHAJIOB DI, mocumTaHHast
C TIOMOIIBIO PEKYPPEHTHOI'O aHaJIM3a, CHUYKAECTCA C BO3PACTOM U CBdA3aHa C MeHee
BbIPaXKEHHOIT JlecuHxXpoHmn3arueil u-purva 991 Bo BpeMst BBITIOJTHEHUST JIBUKEHUIT.

6. Beu1 pazpaboraH criocod BoccTaHOBJIEHUsT ceTH (DYHKIMOHAJIBHBIX CBA3€EI T'0-
JIOBHOT'O MO3Ta Ha, OCHOBE MCKYCCTBeHHOM Hefiponnoit cetn. [Tokazano, 9To BBITIOJ-
HeHUe JIBUZKEHUN B TPYIIIE MOKIIBIX UCHBITYEMbBIX CBS3aHO C YCUJIEHUEM CBs3eit
MeKTy 00JIACTAME B MHTEPBaJIbl BPEMEHU, COOTBETCTBYIOININE JIBUKEHUAM, B 60—
(4-8 T'i) m p— (8-14 I'n) mmanasowe.

OcHOBHbBIE TI0JI02KEHUSI, BBIHOCUMbIE Ha 3aIIUTYy

1. Curnast 931, 3anucannblil BO BpeMsI BBITIOJIHEHUS YeJIOBEKOM JIBUKEHUI IIpa-
BOIl 1 JIeBOIl PYKOil, JIEMOHCTPUPYET 3HAUYNTE/ILHOC CHUZKEHNE CJI0KHOCTU BO Bpe-
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MEHHOI MHTepBaJI, COOTBETCTBYIONINI BBITIOJIHEHUIO JIBUXKEHUs, IPUIEM 3HAUCHUS
Mep PEKYPPEHTHOr0 aHAIM3a ABJIAIOTCH KOHTpaJaTePaATbHBIMI, TO €CTh Pa3/ind-
HBIMI B IIPABOM 1 JIEBOM MOJIYIIAPUAX CEHCOMOTOPHON KOPBI MO3Ta TP JIBUYKEHUN
pPa3sHbIMI PYKaMU.

2. 3JI0poBO€e CTapeHne CBsI3aHO CO CHUYKEHHEM CKOPOCTH HEefPOHHOI peakIiuu
Ha coseprnaeMoe jpmkenne B f— (15-25 I'n) u p-purmax (8-14 I'ry), uro Begér K
Pa3BUTHIO BO3PACTHOI aMOUJIEKCTPUN Y MTOXKUJIBIX Jtojeil. Pa3a Havasa JIBUKEHUST
y HMOYKUJIBIX JIOJel CBSI3aHO C BCILJIECKOM HEHPOHHOI aKTHBHOCTH B O-puTMme (4—8
FLL) B IIEHTPaJILHOM, IEHTPaJIbHO-TEMEHHON M TeMeHHOI 00JIacTi MO3ra, 4TO yKa-
3bIBAET Ha Pa3/IMIHbIE CTPATErNN MUCIOJIb30BaHNs KOTHUTUBHBIX PECYPCOB B JIBYX
BO3PACTHBIX IPYIIIAX.

3. CJI0)KHOCTB (-pUTMa CUTHAJIOB aKTUBHOCTH I'OJIOBHOT'O MO3I'a, B TIEPHOJ, IIPE/I-
MIECTBYIONIUI JTBUYKEHUIO, KOPPEJIUPYET C BBIPAXKEHHOCTHIO CBI3aHHON € COObI-
THEM JIECHHXPOHU3AIN [-PUTMa (/711 Mepbl jietepMunnmsMa ray = —0.7,p =
0.0002, R? = 0.6, 1151 MepBl SHTPOINN PEKYPPEHTHOTO BpeMeHH 74y = 0.7,p =
0.0013, R? = 0.5), npuuém Bo3pacTHOE CHUKeHUe cJIoxKHocTH curuaios DI cpsi-
3aHHO C MeHee BbIpayKeHHBIM JABUTaTEeIbHBIM YaCTOTHO-BPEMEHHBIM HATTEPHOM.

4. BosznnknoBenune BbI3Bannoro norennnasia P300, conmpoBoxkiaeTcst yBeTmIenn-
eM CJIOKHOCTU curHajioB 9391 Mepa c/10:KHOCTH, OCHOBaHHasl Ha PEKYyPPEHTHOM
BpeMeHMU, TTO3BOJISET OCYIIECTBIATE JeTeKTupoBanue norennnaaa P300 ma oTaenn-
HBbIX (bparmMeHTax 3amucu Y9 B peajsbHOM BpEMEHH.

Hayuynas n mpakTmdeckasi 3HAYMMOCTD JIICCEPTAINOHHOI pabOThI 3aKJII0-
JAETCA B CJIEJIYIOINIEM.

Hayunas 3Ha9MMOCTB ONpEJIe/isieTcs TeM, 9TO ObLIN BIEPBbIC BBISIBJICHBI Xa-
PAKTEPUCTUKHU CJIOXKHOCTH CUTHAJIOB D' BO BpeMs COBEpIIEHUS UeTOBEKOM JBU-
JKEHUi, 3aKJI0valonuecs B TOM, YTO BBINOJHEHNE JIBUYKEHUN pPYKaMU CBA3aHO
¢ ToJaBJIeHNEM CJIYyYallHbIX KoJie0annil, XapaKTepHBIX /1 (POHOBOI aKTUBHOCTU
MO3ra, 9TO BBI3bIBAECT CHUKEHWE CJIOXKHOCTH curHaja 99" B cemcomoTOpHOI KO-
pe. Brepsbie ObLIO yCTAHOBJIEHO BO3PACTHOE M3MEHEHME BO B3aMMOCBS3U MEXKLY
XapaKTePUCTUKAMU CJIOKHOCTH CUTHAIOB DI 1MOJIyIeHHBIX ¢ MOMOIIBIO PEKYp-
PEHTHOTO aHaJM3a, W BHIPAXKEHHOCTHIO JECUHXPOHW3AINN [4-PUTMA, CBA3ZAHHON C
coObITHEM. B 9acTHOCTH, ITOKA3aHO, YTO 3JI0POBOE CTapEHNE MO3Ta CBSI3aHO CO CHIU-
JKEeHHEM CJIOZKHOCTU CUTHAJIOB DI 1 cOOTBETCTBYIOIINM OCIa0IeHIEM 9acTOTHO-
BPEMEHHOTO MTaTTEPHA, CBA3AHHOTO C BBITTOJIHEHNEM JIBUYKEHUS BeIyIIeil pyKoil, 4To
MO2KeT ObITh MHTEPIIPETUPOBAHO KaK BOBHUKHOBEHNE BO3PACTHOI aMOUIEKCTPUM.

[IpakTmyeckass 3HAUUMOCTH OOYCJIOBJIEHA BO3MOYKHOCTBIO UCIIOJIB30BAHUSA MeEp
PEKYPPEHTHOIO aHAJIM3a, JIId KJIacCUPUKAINN JIBYX TUIIOB JIBMXKEHUI C UCIIOIH30-
BaHUEM CUTHAJIOB D' ceHcoMOTOpPHOIT KOpBI Mo3ra 0J1arojiaps BbIpaXKeHHO# KOH-
TpaJlaTepPaJIbHOCTH XapaKTEPUCTHK CJI0XKHOCTH JIEKTPUIECKON aKTUBHOCTHU T'OJIOB-
HOTO MoO3ra. JIaHHbIe MEpPbI MOT'YT OBITH HCITOJIL30BAaHbI JIJIA CO3/IaHUs paboTaoIIe-
ro B peaJibHOM BpeMeHnn KJjaccupuraTopa JJjis yIIpaBJIeHus 9K30cKeaeTa. Kpome
TOrO, MOKa3aHa BO3MOXKHOCTB JleTeKTupoBaHust noreninaa P300 Ha oTieabHBIX
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dparmenTax 3amucu I ¢ momorpo Mep pekKyppeHTHOro aHam3a. JlanHnbie ajro-
PUTMBI MOT'YT OBITH UCTIOJIL30BAHbI JIJI Pa3pabOTK nHTepdeiica MO3r-KOMITLIOTED
JUIsl HefipopeaduInTalun JBUTIaTe/IbHbIX (DYHKITNIL.

[Ipu BbIIOJIHEHNN JUCCEPTAIMOHHON pabOThl pa3paboTaH Psiji KOMIIBIOTEPHBIX
[IPOrpaMM, KOTOPbIE 3aIUIIEHbI CBUIETEIbCTBAMEI O PErUCTPAIUN ITPOIPAMM JIJIsT
9BM Poccuiickoit @eneparuu. B moyden nateHT Ha n300peTeHue crocoba
KJIaCCUPUKAIIIE ABYX TUIOB JBIZKEHUI HA OCHOBE PEKYPPEHTHOI'O aHAJIN3a CUI'HA-
j0B DI, Pesynbrarsl guccepraiiui ObLIN UCIIOJIB30BAHbBI DU BBIIOJIHEHUN PsIIa
HUP.

JImuanbrii BKiaaz. Bee BKIIOYeHHBIE B IMCCEPTAIINIO PE3YJILTATHI 110 BHIHECEH-
HOIl B Ha3BaHHE TeMATHKE IOJIyUEHbI JTUIHO aBTOPOM. ABTOPOM IIPOM3BOINIACD
paspaboTKa IPOrpaMMHOI0 obecedeHus /s SKCIIEPUMEHTAIbHBIX NCC/IeI0BaHuIl,
BBIOOD IIOJIXO0B K aHaJIN3y CUrHAJIOB DI, paspadaTbiBAIICh IPOIPAMM JIJIS IIPe-
J100pPabOTKN HEHPOPU3NOIOIMTIECKUX CUTHAJIOB, PEAIN30BbIBAINCH METO/IbI BbIJIE-
JIEHUsI XapaKTepHbIX ocobeHHocTell curnajos. [loctanoBka 3ajat, obCyX)IeHIE U
UHTEPIIPETAIS IOy YeHHBIX PE3Y/JIbTATOB OCYIIECTBIISIaCh COBMECTHO C HAy THBIM
PYKOBOIUTEIEM U JPYTHMHI COABTOPAMI COBMECTHO OIyOJIMKOBAHHBIX PabOT. DKC-
HepuMeHTaJIbHbIE NCCIe0BaHNsI, HallpaBIeHHbIE HA PErUMCTPAIINI0 CUIHAJIOB JIeK-
TPUYECKON aKTUBHOCTU MO3Ia, UeJI0BeKa, IIPOBOJUINCH COBMECTHO ¢ K.(.-M.H. B.B.
I'py6oBbiM 1 K.(p.-M.H. A.A. Bajiapunbim.

J1oCTOBEPHOCTD IOJIYIEHHBIX PE3Y/IbTATOB 00ECIeINBACTCs MCIOIb30BAHIEM
METO/IOB U I0JX0JI0B, KOTOPbIE CTPOI'0 0OOCHOBAHLI, allpOOMPOBAHbI U IIHPOKO 00-
CY2KJIEHBI B COBPEMEHHOI HayUYHOIT JIMTepaType U IpU MPOBEICHII Hay YHBIX UCCIIe-
JoBaHMit. J0CTOBEPHOCTD Pe3y/ILTATOB MOATBEPZKIAETCS X COOTBETCTBUEM COBPE-
MEHHBIM OMO(U3MIECKNM 1 HEPOHAY IHBIM [IPEICTABICHUSIM, BepuduKannei mpu
CTATUCTUICCKOM TECTHPOBAHUU, OTCYTCTBUEM POTUBOPEUHil JJOCTOBEPHO N3BECT-
HBIM Pe3yJibTaTaM, a TaKKe COMOCTABICHIEM Pa3JIMIHBIX T0JIX0JI0B.

Armrpobariust paboTbl. OCHOBHBIE PE3YJIbTATHI JUCCEPTALNE JOKJIaIbIBAJINCH 1
00CyXKJIaJIICh Ha ciieayrommX kondepennusx: 8th and 9th International Symposium
on Recurrence Plots (2019, Bepsun; 2020, Jlwo6aun), 11, 111, TV Mexynapo-
Hasl IIKOJIa MOJIOABIX yVUEHBIX «JIMHaAMMKa CIOXKHBIX ceTell U MX NpPUMeHEHNEe B
HTEeJIeKTya bHoil poboTorexankes (DCNAIR-2018, Caparos, 2018; DCNAIR-
2019, Uunomnosmc, 2019; DCNAIR-2020, Unuonosue, 2020), The 9th International
Scientific Conference on Physics and Control (PhysCon2019, Innopolis, Russia,
2019), Scientific School «Dynamics of Complex Networks and their Applications»
(DCNA’2021, Kaqmuunrpas, 2021); International Conference «Nonlinearity, Information
and Robotics» (NIR-2020, Innopolis, 2020), VII, VIII, IX Cumnosuym 1o onruke
u 6uooronuke (SFM 2019, SFM 2020, SFM 2021, Caparos, 2019, 2020, 2021),
XXXII Beepoccniickasi mkosa-ceMuHap «BostHoBbIe siBjieHns: (husnKa U IpuMe-
mernst> umenn A.Il. Cyxopykosa («Bosubr-2021»), III International Conference
«Volga Neuroscience Meeting 2021» (VNM 2021, Huwxuuit Hosropos, 2021).

ITy6mukammmn. [Io Teme puccepramum onydmkoBana 25 pabot. 13 nux 10 cra-
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Tell B peleH3UPYeMbIX HAYUYHbBIX KYPHaJIAX, BXOJAINX B B CUCTEMY IIUTUPOBAHUA
Web of Science u/umn Scopus; 3 CBUETEIBCTBA O MOCYIAPCTBEHHON PErHCTPAIIN
nporpamm it 9BM; 11 Te3mcoB B Tpyaax BCEPOCCHICKUX M MEKIyHAPOIHBIX
KoH(DepeHInii MHIeKCHpyeMbIx B cucreMax mutupoBanust Web of Science u/win
Scopus; 1 naTenT Ha U300peTEHNE.

KPATKOE COAEP2KAHUNE PABOTDBI

Bo BBesennm j1ana o0rmasi XapakTepucTuKa, JUCCepTaIlui, MPUBEIEHO OMNca-
HUE COBPEMEHHOI'0 COCTOSHUS MPOoOJIeMbl 1 000CHOBaHA aKTYaJbHOCTH U HayJIHAas
HOBU3HA pabOThI, CDOPMYINPOBAHDI 11E€/Ib U METOJIbI UCCIEIOBAHNS, U3/I0KEHBI Ha-
yaIHasT KOHIEIIIS JTUCCEPTAIlNN, OCHOBHBIE PE3YIbTATHI paOOTHI, €€ MpaKTUIecKast
IIEHHOCTD, MOJIOYKEHUSI, BHIHOCUMbIE Ha 3aIlUTY, CBejeHus 00 anpodaliun padoThl 1
OCHOBHBIX ITyOJIMKAIUSIX.

B mepBoit riase juccepranyuy npuBeAEH 0030p COBPEMEHHOIO COCTOSTHUS HC-
caeoBaHuil cencoMoTOpHON mHTerpanun. CencoMoTopHas NHTErpaIus yIacTByeT
B 1Iporiecce pOpMUPOBaHNSA MOTOPHOI peakIny B OTBET Ha, BOCIIPUHUMAEMYIO CEH-
copuyto nundopmaruio. CeHcoMOTOpHAST MHTEIPAIUs [10/IPa3yMeBaeT CJI0XKHOE B3a-
UMOJIefiCTBIe Pa3/InIHBIX 00JIacTell MO3ra B IIPollecce KOTHUTUBHOM, JIBUrATEIbHOIT
1 TIePIENIUOHHON aKTUBHOCTH, BO MHOT'OM 3aBHCAINEEe OT BLITOJIHAEMON 338491 I
COCTOSTHUS YeJIOBEKA.

16 Nresrymmapnblit, cy6Kop-

Boijies1stioT Tpu ypOBHS CEHCOMOTOPHON MHTerpalnn
TUKaJIbHBI 1 KOPTUKAJIBHBIN. B TO BpeMs Kak Mery IsspHbIi 1 CyOKOPTUKAJIbHBIIT
YPOBHHU I10Ipa3yMeBaIOT IIEPBUIHYIO aCCOINAIITIO MEXK/Ly UMITYJILCAMHU, TOCTYIIA0-
IIUMU OT KOXKU U MBIIIII, ¥ JBUTATebHbIH (PYHKIIMOHA CIUHHOI'O MO3ra, KOPTH-
KaJIbHBIIl YPOBEHb OTBedaeT 3a 00pabOTKYy U IIpeodpas3oBaHue CEeHCOPHOIT nHMOP-
MaIIH 1 eé WHTETPAINIO C BBIIOJHCHIEM MOTODHBIX akTos''. B paMmkax naHHOl
JINCCEPTAINOHHON pabOThl M3yUaeTCsl aKTUBHOCTH KOPTUKAJIBHOIO YPOBHSI CEHCO-
MOTOPHO! HHTerpaluu ¢ IOMOILbIo 31ekTposHiedasorpadun (D) nyrém 3a-
IIICU CUTHAJIOB 9JIEKTPUYIECKON aKTUBHOCTH KOPbI 'OJIOBHOI'O MO3I'a, ¢ IOBEPXHOCTHU
KOYKI T'OJIOBBL.

B psjie uccienoBanuii ceHCOMOTOPHAsT MHTEIPAIUs IPU3HAHA OJHUM 13 HANOO-
Jlee IIeHHBIX MCTOYHMKOB MH(OPMAaIUN O TOM, KaK 3/I0PDOBOE CTapeHue BJIUseT Ha
dynkimonnposanne Mosra!?. OHIM U3 CII0cO60B M3YUCHIA CEHCOMOTOPHOI MHTE-
rparun sBJsgeTcs anaans ocobennocreii cencomoropuoro purma (CMP) 13-14 T,

[Tommmo CMP, uceneoBanns takzke dboxycnpyiores Ha apaanse §— (4-8 ') un

16Machado S. et al. Sensorimotor integration: basic concepts, abnormalities related to movement disorders
and sensorimotor training-induced cortical reorganization //Rev Neurol. — 2010. — V. 51. — Ne. 7. — P. 427-436

"Foster N. C. Sensorimotor Learning and Control in Autism Spectrum Disorders: The Role of Sensorimotor
Integration. — Liverpool John Moores University (United Kingdom), 2019.

8Read G.L., Innis I.J. Electroencephalography (EEG) //The international encyclopedia of communication
research methods. — 2017. — P. 1-18.

19Hehl M., Swinnen S. P., Cuypers K. Alterations of hand sensorimotor function and cortical motor
representations over the adult lifespan //Aging (Albany NY). — 2020. — V. 12. — Ne. 5. — P. 4617
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B-purmon (15-25 ') mozra. CyIecTByIonne TpaJnuoHHbIE TOIXO0/Ibl K aHAJIN3Y
AKTUBHOCTH MO3I'a, BO BPEMsI COBEPIIEHUsI JIBUKEHUII U CEHCOMOTOPHOI MHTerpa-
UM BKJIIOYAIOT METOJbI YaCTOTHO-BPEMEHHOI'O aHaJIN3a, METO/Ibl BOCCTAHOBJICHUST
QYHKIIMOHAIBHBIX CBA3€ll U HEJMHEHHbIe METOJIbl aHaJIn3a CJI0XKHOCTH CUTHAJIOB
SISIN

Cpe/Jin MeTOJI0B YaCTOTHO-BpEMEHHOro ana/n3a curuaajoB 991" u MII', nando-
Jlee 4acTo INpPUMEHSIeMbIMU sIBJISIIOTCSI OKOHHOe IipeobpasoBanne Pypbe u Helpe-
peiBHOE BeitBieTHoe mpeobpaszosanme (HBII). Ilpu stom, HBII asisercs Gosee
HPEIIIOYTUTEIbHBIM, TOCKOJIBKY Pe3y/bTaTbhl OKOHHOI'O IipeoOpazoBanusg Dypbe
3HAYHUTEIBHO 3aBUCSAT OT BEIOOPa pazMepos okHa?’. B KOHTEeKCTe aHaJIM3a CEHCOMO-
TOPHOII MHTerpalun, BaxKueimmm npumepom npuMenenns HBII aBisiercs oOnapy-
JKEHNEe CHHXPOHU3AINN / IeCUHXPOHU3AINN, CBsI3aHHOI ¢ cobbiTuem (event-related
desynchronization and synchronization, ERD/ERS). ERD/ERS Beipaxaercs B
CHUYKEHUU WJIM YBEJIMYEHUHU CIIeKTPAJIbHOI SHEPIUN YacTOTHBIX PUTMOB DI, cBsI-
3aHHOE C COOTBETCTBYIOIINM CHUYKEHIEM MJIM yBEJINUEHNEM CHHXPOHU3AIINN aKTHB-
HOCTH OTJEJILHBIX TPYII HeilpoHoB?!.

[TocKo/IbKY 3/1eKTpuUecKasi ak THBHOCTh B MOTOPHOI KOpe T'0JIOBHOI'O MO3Ta OT-
pazkaeT CJIOXKHbIE HeJIMHEHbIE TTPOIECChl 1 MOYKET PACCMATPUBATHCS KaK XapaKTe-
PUCTHKA JMHAMUYECKON CHCTEMbI, OCOOBINI MHTEPEC IPEICTABIIAIOT UCCIeI0BAHUST
caokHOCTH DI, KOTOpbIE OTPaXKAIOT TEKYIIee JTMHAMUYIECKOe COCTOSTHIE BPEMEH-
HOTO psijia, DI, a Takke 0OHAPYKUBAIOT IIEPEXO/bl OT H0JIee PEryIgpHOro K Xao-
THYECKOMY IOBEJICHIIO 1 Hao6opoT??. B uactHOCTH, chmzKenue ciaoknoctn 991 B
COCTOSTHUM TIOKOSI SIBJISIETCSI XOPOIIO 3aPEKOMEH/IOBABIINM ce0si MapKepPOM 3J10PO-
BOT'O CTAPEHUsAZ.

Cy1iecTBytolme MeTo/Ibl aHaIn3a CUTHAJI0B DI 0bs1alaroT psajioM orpaHude-
uuii. IIpu 9TOM, OCHOBHOI CJI0’KHOCTBIO BBIJEJIEHUSI JBUTATE/ILHBIX IIATTEPHOB Ha,
CUTHAJIAX DJIEKTPUIECKON aKTHUBHOCTU MO3ra OCTAETCs HU3Kasl 1yBCTBUTEIbHOCTH
CYIIIECTBYIOIINX MeTOJI0B K 3 deKTaM Ha OTIeIbHBIX OTpe3Kax curHajonp 991 B
JaCTHOCTH, OlKCcaHHBbIN Bblle narTepH ERD wanbosiee xXopolno BujieH Ha ycpeji-
HEHHBIX JaHHBIX DI OrpanmyeHnst SHTPONUITHBIX METOI0B 00YCI0B/IEHBI X TyB-
CTBUTEJIbHOCTBIO K 3alllyMJIEHHOCTU CHUIHAJIa ¥ y3KUIl MHTepBaJ 3HAYEHUI, UTO
MOZKeT IPUBOJNTH K OMMHAKOBBIM Pe3yJIbTaTaM JJIsd Pa3HbIX CHTHATIOBXY, a TakiKe
qyBCTBUTEJILHOCTBIO K JUIMHE BPDEMEHHBIX PsoB2°. Ha OCHOBaHUN IPUBEIEHHOTO

20Hramov A.E. et al Wavelets in Neuroscience // Second edition. Springer Series in Synergetics. — 2021

pfurtscheller G., Da Silva F. H. L. Event-related EEG/MEG synchronization and desynchronization: basic
principles //Clinical neurophysiology. — 1999. — V. 110. — Ne. 11. — P. 1842-1857

2Cao Z., Lin C.T. Inherent fuzzy entropy for the improvement of EEG complexity evaluation //IEEE
Transactions on Fuzzy Systems. — 2017. — V. 26. — Ne. 2. — P. 1032-1035.

2Ishii R. et al. Healthy and pathological brain aging: from the perspective of oscillations, functional
connectivity, and signal complexity //Neuropsychobiology. — 2017. — V. 75. — Ne. 4. — P. 151-161

24Kesi¢ S., Spasié¢ S.Z. Application of Higuchi’s fractal dimension from basic to clinical neurophysiology: a
review //Computer methods and programs in biomedicine. — 2016. — V. 133. — P. 55-70

ZRichman J.S., Moorman J.R. Physiological time-series analysis using approximate entropy and sample
entropy //American Journal of Physiology-Heart and Circulatory Physiology. — 2000.
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aHaJIIM3a, JJUTEPATYPHI, B JJAHHON JIMCCEPTAIIMOHHON paboTe IpejiiaraeTcs NCIoIb-
30BaTh METOJ] peKyppPeHTHOro aHa/m3a (recurrence quantification analysis, RQA)
CJIOYKHOCTH CUTHAJI0B DI, MOTEeHIMa/JIbHO CIIOCOOHBIN 000#iTH JaHHbIe OI'paHIYe-
HIST.

Bo BToOpoii ritaBe jnccepralinn MpUBEIeHbI PE3YJIbTaThl UCCJIEI0BAHNS JITHA-
MUYECKIX CBOHCTB curaaioB 991" Bo BpeMsi BBIIOJIHEHNST ABUKEHIUI I CEHCOMOTOP-
HOIT nHTerpanun. Bl NIpuMeHEH PeKyppeHTHBI aHAJIN3 [IJIs1 BbISIBJICHUS TICJICH-
HBIX XapaKTEPUCTUK CJIOXKHOCTU CUTHAJIOB D' cOOTBETCTBYIONINX BBIITOJIHEHITIO
IPOCTBIX JIBUTATE/ILHBIX 3a/[ad BEPXHUMU KOHEYHOCTSIMU 110 3BYKOBOMY CHI'HAJIY.
PexyppenTHBIl ana ms mpeacrapiisier coboit Habop MeTO0B aHAII3a CJA0YKHOCTH
CUTHAJIOB IIyTEM IIPEJICTaBJIEHNsI BPEMEHHBIX PSIIOB B BUJIE€ PEKYPPEHTHO Jua-
rpammbl (PJ1), onpeessionieiics: Kax:

R;;j(€) = O(e — |[XKu(t:) — Xic(t;)]]), (1)

e t,) = 1,....,T — 27 — Touku BO BpeMeHu, N — KOJUIECTBO PaCCMATPUBAEMbBIX
COCTOSHUI CUCTEMBI T;, € — PEKYPPEHTHBII TTOPOT, ONIPEIETAIONIIM IITMPUHY OKPECT-
HOCTHU C IIEHTPOM B TOYKE X;, BXOJAIINE B KOTOPYIO TOUKH CUUTAIOTCS PEKYPPEHT-
HBIMI 9TOI TOUKe, || - || — HOpMa, 1 © — dyuknusg Xepucaiina. B nanuoii popmyie,
HOpMa OIIpejiesIseT pasMep U (POpMy OKPECTHOCTHU JIJIsi KarKJI0il paccMaTpuBaeMoit
toukn. Kax mpasuyo, mia nojcuéra P/I mcnmonb3yior Lo, mim EBKINI0BY HOPMY,
oIIpeiesiseMy1o EBKIIIIOBBIM PACCTOSHIEM MeXKIy mapoil BekToposZ. Marpuia R
sIBJISIETCS OMHAPHOI, 1TpK 9ToM 3HadeHus 1 1 0 oTpaykKaloT peKyppeHTHbIE U Hepe-
KypPpPEHTHBIE COCTOSIHUSA, COOTBETCBEHHO.

PekyppeHTHBIE 1 HEPEKYPPEHTHBIE 3HAUEHIA 00Pa3yIOT CTPYKTYPhI, YNCJICHHBII
aHaJIN3 KOTOPBIX MMO3BOJISECT MOJIYIUTh MIPEJICTaBICHIE O JIMTHAMIIECKITX CBOCTBaX
AHAJIM3UPYEMbIX BPEeMEHHBbIX psijioB. s orenku ciioxkuocTu curHajso 939 Bo
BpEeMsl BBIIOJHEHUS JIBUYKEHUI, ObLIN MCIIOJIB30BAHbI MEPbl JeTCPMUHU3MA U dH-
TPOIUHU peKyppeHTHOro BpeMenn. Mepa nerepmunusma (determinism, DET) 6bi1a
BBEJICHA JIJIsT KOJIMIECTBEHHON OIEHKH JTMarOHAJIbHBIX JIMHUI, 00pa30BaHHBIX pe-
KyppeHTHbIMU TouKaMu. 3HadeHue mepbl DET ykasbiBaeT Ha XapakTep JIMHAMI-
YeCKOIro PexKIMa B pacCMaTpUBaeMoil crucTeMe: deM OoJIbIIe 1101y YeHHOe 3HAaUeHNe,
TeM OoJiee PeryJsipHbIil XapakTep IMeeT aHAJM3UPYeMblil BpeMeHHOM psiji. B To xe
BpEMsI, Mepa SHTPOINK PEKyPPEHTHOro Bpemenn (recurrence time entropy, RTE)
OCHOBAHa, Ha, YUCJICHHOM aHAJII3€ BEPTHKAJIbHbBIX JIMHII, 00pa30BaHHBIX HEPEKYP-
PEHTHBIMU TOUKAMU, U U OTPazKaeT Iepexo] PacCMaTpPUBaeMOil CUCTEMBI U3 Pery-
JAPHOTO B XaOTMIECKOE COCTOSHIE I HA060poT? .

JI1s1 TaHHOTO MCCJIeIoBaHUsI OBLIN HMCIIOJIb30BaHbl CUTHAJIBI DI, 3alcanHble
BO BpeMsl TPEHUPOBKHU CEHCOMOTOPHOI MHTerpalin, 3aK/II0vaBIieiics B coBepiie-

26Webber Jr C.L., Zbilut J.P. Recurrence quantification analysis of nonlinear dynamical systems //Tutorials
in contemporary nonlinear methods for the behavioral sciences. — 2005. — V. 94. — Ne. 2005. — P. 26-94.

2"Kraemer K.H. et al. Recurrence threshold selection for obtaining robust recurrence characteristics in different
embedding dimensions //Chaos — 2018. — V. 28. — Ne. 8. — P. 085720.
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a ADET MNpaBas pyka

BblMNOJIHEHNE ﬁBI/I)KeHVIﬂ
H _XR
0.08 X
0.04 M *
000 | Puc. 1: I'padukn BpeMeHHBIX 3aBUCUMOCTEI
> 0 2 4 6 8 10c mep ADET(t) w ARTE(t), ycpenuéansie mo
6 LRTE Bunonkesye pauers BceM HcnbITyeMbIM (+£SE) st curHasios, 3a-
0.0 s [UCAHHBIX C IPABOro nojyrmapus (Xp, cuHsst
-0.1 ' KpuBasi ), jieBoro nostytapus (X, opaH:keBast
0.2 . .
0.3 KpuBast) u cpenuaHOil JuHun (Xp, 3esaéHasd
-0.4

KpuBasi), TP JBIKEHUN [IpaBoii (a,0) u Je-
Hlesas pyxa BOil (8,2) pykoii. IlBeToM BBIJIEIEHBI BpEMeH-

g ADET " HBbIE HHTEPBAJIBI, COOTBETCTBYIOIINE CTATUCTH-
5 YEeCKHU 3HAYMMOMY OTKJIOHEHUIO BPEMEHHOI 3a-

BHCHMOCTH OT HyseBoro yposas (p < 0.05).
Ha kazkj10M rpaduke, KpaCHBIME IIyHKTUPHEI-
MU JITHEAMHI OOO3HAMEHBI MOMEHTBI IIPEIbAB-

-2 0 2 4 6 8 10c

2 0 2 4 6 8 10c

ARTE JICHUA 3BYKOBbBIX KOMaH/ JJIsd HadaJla U OKOH-
I- 0-1 BblIMNOJIHEHNE OBUXEHUA

0.0 p— YaHHnd BBIIIOJITHCHMNA ABU2KCHIMA.

—_— XR
-0.2

Xy
-0.3 X
-0.4 F
2 0 2 4 6 8 10c

HUW JIBUKEHU{T (CKaTie U pasKaThe KUCTH PYKU B KyJIak) MO 3BYKOBOI KOMaH/IE.
CurnaJibl 991" ObLIn pasjesienbl Ha 60 310X, KaxKjasg U3 KOTOPBIX COOTBETCTBO-
BaJIa JIBIZKeHNIO pykoii (1o 30 smox Ha Kaxkayto pyKy). Mepet RTE u DET 6buin
MOCUNTAHBI JIJIsl KayKJI0#1 PeKypPPeHTOi MaTpUIlbl, COOTBETCTBYIOIIEH OTHOI 3110Xe,
B I1aBaionieM okue mmpunoit 750 Touek (3 cex) u ¢ marom 20 touek (0.08 cek).
Buadenns mep ARTE n ADET Obuin mosydenbl myTéM KOPPEKTUPOBKU Mep Ha
6a30BbBIil YPOBEHB IPEJICTUMYJ/ILHOI aKTUBHOCTH.

Ha pucynke 1 npejcrasienst mepsl ADET () u ARTE(t), nocanranuble jijist
JBUKeHst JieBoit (pucynok 1(a,0)) n mpasoit pykoit (pucynok 1(s,r)). Pesynbrarst
MOKA3BIBAIOT, YTO BBITOJIHEHNE JIBUKEHNIT cBsi3aHo ¢ poctom 3Hadenus ADET ().
[Tpu stom, Bpemennoit psi ADET(t) umeer jBa JIOKATBHBIX MaKCUMyMa, COOT-
BETCTBYIOIINE MOMEHTAM CXKATHUs U pa3zKaThus PYKHU U COBIAJIAIONINE C COOTBET-
cTByfoImnM cHmKenneM suadenunii Mmepsl ART E(t). Takum obpasom, cosepiienne
JIBUZKEHUSI CBSI3aHO C TIePEX0/I0M 3JIEKTPUIECKOIT aKTHUBHOCTH MO3Ta, B MEHEe XaO0TH-
geckoe 1 OoJiee IMpejicKasyeMoe, JeTePMUHUCTHIECKOE COCTOSIHUE, UTO yKa3bIBACT
Ha TIOJIaBJICHIE CayJaiiHbIX Kojebanuit B p-purme 991, cBoilcTBeHHBIX (DOHOBOI
aKTUBHOCTH. HermapaMeTpuiecKnii CTATUCTUYIECKUIT TECT MOKa3aJsl, 9TO 00e MepPhI
RQA Bo Bpemsi coBepIlieHns JABUKEHUI CTATUCTUYECKN 3HAYUMO OTJINYAIOTCSA OT
IPEJIIIeCTBYONEeH aKTHBHOCTU cOCTOsiHMs TTOKos1 (p < 0.05) st Bcex Tpéx pac-
CMaTpUBaEMbIX 00JIacTell MO3ra Ha MPOTIYKEHIH BCErO TEPUO/Ia BLITOJTHEHNS JIBU-
JKeHusi. TakzKe cTOUT OTMETUTD, YTO 3HadeHust Mep RQA Bo3BpaImaoTest K Mexo/I-
HOMY YPOBHIO Cpa3y IIOCJIe 3aBepIIeHUsT JIBUKEHIS, 9TO yKa3blBaeT Ha 0OpaTHBII
1epexo/i HeffPOHHO JIMHAMUKN B (DOHOBBIN PEXKIM.
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——J1eBad pykKka npaBasa pyka

8 ADETRL BblnonHete asr>keHs ARTERL guinonvenue aemxerns
| .
0.03 0.00 ; Puc. 2: (a) — BpeMeHHbIE 3aBUCHMO-

0.02 0.02 \ et ADETRY(t) u ARTERE(t). Me-

pPbl OBbLIM YCPETHEHBI 110 WCIBITYe-

0.01 : -0.04
0.00 -0.06 mbiM (£ SE). CepbiM BbIIEIEHBI MO-
-0.01! ? -0.08; : MEHTBI BPEMEHU, COOTBETCTBYIOIINE
0 2 4 6 8c 0 2 4 6 8c CTATUCTUYCCKM 3HAYMMOIl pasHulle
BbINOSTHEHNE ABUXKEHNS BbINOMIHEHNE ABV>KEHNS MeXK/1y JABYyMd BPEMEHHBIMH 3aBU-
s ADETR- s ARTER-
6 60 i 0.4 60— 0.g CHMOCTAMU, HOJYYCHHBIMH [/ Jie-
50 — | S —— Boit u mpasoit pyku (p < 0.05); (6)
< 40 E_’— 0.2 P d 0.4 _ IIpUMep BPEMEHHBIX 3aBUCUMOCTER
S 30 s | 0.0830)—= = |10.0 ADET®(t) u ARTERL(Y), nna 60
® o= _l_'é':h - _0_2“’ 20-{-:_-:-‘?'—3 _0.4 OT/IEJIbHBIX SIIOX BBIIOJHEHUA JIBH-
10— — 10 o e —— JKCHNH.
——— i — =e—| B-0.8
0O 2 4 6 8c 0O 2 4 6 8c

st Gostee JleTasibHONO aHa/M3a KOHTpaJaTepalbHBIX 3((MEKTOB CJI0KHOCTH
curtasioB DI Bo BpeMsl JIBUKEHMS PYKaMU, ObLIN OIPEJEJEHbI MEPhl CUMMET-
punt ADETEL(t) u ARTERE(t) kak pasnuna MesK/1y 3HAYCHUSAMEH COOTBETCTBY-
IOIUX Mep B IpaBOM U JieBoM moJjyinapun. Ha pucyHke 2 mokasaHbl BpeMeHHbIE
PsAJIbl IIOCUUTAHHBIX Mep CUMMETPUU BO BPEMSI BBLIIOJHEHUs JIBUYKEHUA JIEBOH 1
npaBoii pykoii. Mepbl ycpeiHeHbl 110 HCIBITYEMbIM U H300pazkKeHbl cO CTaH apTHO
ommbKoii. BpeMeHnHble psifibl [EHTPUPOBAHBI HA MOMEHT IPEIbsIBIEHUST [EPBOTO
3BYKOBOI'O CHUTHAJIA.

3 pucynka 2 BUJIHO, 4TO HEHpOHHAs AMHAMUKA, CBA3AHHAS C BLIIOJHEHUEM
JBUZKEHNI, XapaKTepU3yeTcst 0-PasHOMYy B 3aBMCUMOCTH OT THIIa JBUKeHus. Me-
pet cuvmerpun ADETRE () uw ART ETE(t) npn npmskennu mpasoil pyKoil xapax-
TEPUBYIOTCA MOJOKUTEILHBIMI 1 OTPULIATEILHLIMU 3HAYCHUSIMU € TeHICHInel K
POCTY ¥ CHUKEHHIO, COOTBETCTBEHHO. [lJIs JABMXKEHUs MpaBoil pyKoil BepHO 00-
parHoe. CTaTHCTHYECKOEe CpABHEHNE Mep CUMMETPHUM JIJIs JIEBOH 1 IPaBOil pyKU ¢
LOMOIIBIO HEapaMeTPUUecKOro CTATUCTUYECKOIO TECTa, BLISBUIIO, YTO CHUZKEHNE
CJIOZKHOCTHU 9JIEKTPUUIECKON aKTHBHOCTH TOJIOBHOI'O MO3Ira BO BPEMs BBbIIIOJIHEHIST
JBUZKEHUI HMeeT BBIPAsKeHHYIO KOHTPaIaTepaJbHOCTD, ONPEJEIEHHYI0 KaK MaK-
cumyM sHauenns ADETRE(t) n vunumym ARTERE(t) B ciydae ¢ apuKennem
JIEBOI PYKOIT U vice versa JJjis JIBUYKEHUs MIPABOil PYKOIi.

Bo Bropoit yacTu riaaBbl, peKyppPeHTHDIH anains3 ObLT IPUMEHEH JIJIst BbLIE/ICHUST
XapaKTepUCTUK CUrHAI0B DI cCBABAHHBIX ¢ BOSHUKHOBEHNEM BBI3BAHHOI'O IIOTEH-
nuaJja P300, KoTopwlil MposiBJIsieTcss B BUJIe XapaKTepHOl (hOPMBI BOJIHBI 3JIEKTPH-
YeCKOl aKTHMBHOCTU MO3la B OTBET Ha BHEIMIHUIT cTuMYyJ. PexyppeHTHBI anaimns
BpeMEHHbBIX psiioB D' mpoussouicsa B ILIaBalolieM OKHe mupuHoii 50 Touyek
(200 mc) u marom 2 Touku (8 mc). IlomydeHnbie BpeMeHHBIE 3aBHCHMOCTH MEp
ADET u ARTE uzobpaxkenn! na pucynke 3. Omnpegeneno, aro mepa ARTE na oc-
HOBe «OeJIbIX» JIMHUI yKas3blBaeT Ha CBA3b noreHnuasa P300 ¢ Jlokam30BaHHBIM
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ARTE

- 152, 432,
0.06. P=0016 : :

0.04-
0.02-
0.00-

-0.02+

-0.04 : :

-400 -200 0 200 400 600MC

ADET

0.01/
0.01/
0.00/
0.00/
-0.00|

-400 -200 0 200 ' 400 660 MC

p =0.001 352: 600,

Puc. 3: Bpemennnbie pgjbl Mep PEeKYyPPEHTHOI'O aHaJ n3a, YCPEJIHEHHBIE 110 TpyIie Jiojeil. Bpe-
MEHHbIE PsiJIbl TIPEJICTABJIEHbI CO CTAHIAPTHBIM OTKJIOHEHHEM (cepast TToJIyTpo3padHas 00JIacTh).
[IyHKTUPHBIMYU JIMHUSIMUA BbIJIEJIEHBI BPEMEHHbIE UHTEPBAJIbI ¢ HAnOOJIee 3HAYUMBIMUA OTKJIOHE-
HUSMU 3HAYEHUI Mep OT HYJIEBOI'O YPOBHSI.

BCILJIECKOM CJIO?KHOCTH curHajta 99 B cOOTBETCTBYIOIEM HMHTepBaJie BPEMEHH.
YBesimueHne quciia JJIMHHBIX «OeJIbIXy JIMHUI, yKa3bIBalolee Ha YBeJMdeHrne pe-
KYPPEHTHBIX BPEMEH, CBHUJICTEILCTBYET O Iepexojie curuasia 91" B boJiee cioxKHOE,
pezKe MMOBTOPSIOIIEECs COCTOSTHUE.

[TokazaHHbIE pe3yJIbTATHI COTJIACYIOTCSI C XOPOIIO U3BECTHBIMU IIPeICTaBJIeHN-
sIMI O HEPOHHOIW peaKIK Ha, BBIIOJHEHNE JIBUKEHUs] U yKa3bIBAIOT HA BO3MOXK-
HOCTH IIPUMeHeHns Mep ciioxkHocTn RQA B 3amade naeHTudUKAIIT 1 KIaccuduka-
IIUU JIBUTATE/ILHON aKTUBHOCTH 4eoBeKa 1 JeTekTupoBanusg P300 ma oquHOUHBIX
smoxax DI

B Tpetbeit riaBe jucceprami MPUBOIATCA PE3YJILTATHl UCCJIEIOBAHNISA BO3-
PACTHBIX U3MEHEHIIT B 9JIEKTPUYIECKOiT aKTUBHOCTH T'OJIOBHOTO MO3I'a, BO BPEMsI Bbi-
IIOJIHEHUsI JIBM2KEHUI 1 CEHCOMOTOpHOI mHTerpanun. Ha rmepBoM srare BbIOJIHE-
HUsT paboT, ObLI NPUMEHEH PEKYPPEHTHBIN aHan3 JiIs BblJIEJEeHUsT BO3PACTHBIX
ocobeHHOCTEl curHajgoB DI B peicTUMYJIbHBIN IIEPUOJI, & TaK:Ke YCTaHOBJIEHUST
CBSI3M MEYKJIY 9TUMU OCOOCHHOCTSIMU U CIIEKTPAJILHBIMU XapPaKTEPUCTUKAMHI aKTHB-
HOCTH MO3Ta BO BpPeMsI BLIIIOJIHEHUsI JIBUKEeHUs. B paMKkax JJaHHOIO NCC/Ie0BaHusI,
ool ocunTanbl Mepbl RTE 1 DET no curnany 991" jpmHoil B 2 ceKyHIbI ITe-
pes peIbaBIeHNeM CTUMYJTa, OTOUILTPOBAHHOMY B JIHAITA30HE [i-PUTMA, B JIBYX
BO3PACTHBIX I'PYIIIAX UCIHBITyeMbIX. Mepbl ObLIM MOCUNTAHBI JJIsT KayK10ro u3 31
D3I -cencopa u yepeatens! mo n = 30 snoxam (1o 15 910X Jijist YCJI0BUii BBITIO/THE-
HUST JIBUYKeHNUs JieBoit u npasoit pykoit, LH 1 RH, coorBercrBenHO) /1151 KAk 1010
u3 rpynibl noxkuabix (elderly adults, EA) u mosoneix (young adults;, YA) ucribi-
TyeMmbIX. J[JIs cTaTucTHYIeCKON BaJuIaln Pe3yJIbTaToB, YCPEHEHHbBIE 110 3T0XaM

snadennd RT'E n DET 6o TpoTeCTUPOBAHDLI ¢ TIOMOIIBIO HellapaMeTpPUIecKo-
ro KJIacTepHOro Tecra. DMdeKT ObLI OIEHEH I KarXKJI0I'0 CEeHCOpa C IOMOIIbIO
JAByHaIpasieHHoro F-tecra st HezaBucnmbix Boibopok (DF1 = 1, DF2 = 18,
D = 005, Fcritical = 441)
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Puc. 4: Koppensamun mexy ycpem-

ERSR, nesasi pyka, C4 ERSR, npasasi pyka, C3
.

oo . HEHHOI CIIeKTpaJIbHOW >Heprueit p-
of | p —_—
. m078 “l e, putma 99" FRSP, 1 CI0XKHOCTBHIO
02 e~ % - 02 ¥ ‘ Tay =-0.65 .
a o2 S5, P =0.0002 02 ~ p=0.0018 npejactuMyabHOM DI, paccanran-
® o e RE=055 . 0T  R2 = 0426 . T _
0al o . e Hoii ¢ momomeio DET (a) u RTE
o < % s ) R (6). Jleasi u npaBas 4acTb PUCYH-
060 ofssDiE‘T 070 075 060 065 % 070 075 K& WJLTIOCTPUPYET KOPPEISIAN JIJIsT
ERSR, nesasi pyKa, C4 ERSR, npasas pyka, C3 yC.HOBI/Iﬁ LH nu RH, COOTBETCTBEHHO.
001 ray=0.67 O ray=0.51 . -[_I o
01 5= 0.0013 0.0l p=00204 épHasl JuHUS OOO3HAYAET JIMHEl-
R2 = 0.447 e s R? = 0.264 Qe
5 °2 ST v HYIO perpeccuio ¢ KO3MDPUIMeHToOM
. . e
o L ) 041 W nerepmunanun R2. CepbIM Bbliesen
) . .
0s] I - wel =% < JoBepuTesibHbIA naTepBat 95%. Ko-
" X
41 42 43 44 45 41 42 43 __44 45 46 Sbounpent Koppeanun Iupcona
RTE RTE
. EA v Ay U COOTBETCTBYIOIlEE €My 3Hade-

HUE P MOKa3aHbl Ha I'PaduKax.

Ha nepBom sTare, obe mepbl RQA mokazan Haandne 3HAYUMBIX KJIACTEPOB,
KOTOPBbI€ MOTYT OBbITh MHTEPIPETUPOBAHBI KAK MaCHITAOHOE MOBBIIIEHIE CJI0ZKHO-
CTU SJIeKTpI/IquKOfI aKTUBHOCTU MO3T'a I'PYIIIBI ITOZKMJIBIX NCHBITYEMBIX ITOYTH II0
BCell MOBEPXHOCTH KOpTeKca. B 4acTHOCTH, BbIpayKeHHbIE Pa3/indns HAOJIIOIaI0TCsI
B OmjaTepaibHON MOTOPHON KOpe CO CABUTOM B JIEBOE IMOJIyIIApHe. 3aTeM, ObLIH

nostydennl 3uadennsd mep RT'E n DET nyTém ycpejHeHus: 3HAUYEHU 3TUX MepP
110 CEHCOPaM, BOIIE/IIUM B 3HAYMMbIE KJIACTEPHI JIJId OTEHKU KOPPEIAINT MeXK-
JIy CJIOYKHOCTBIO TPeICTUMY/IbHON DI n crieKTpajibHbIMI SHEPIUsIMU  [I-PUTMA
(ERSP,,) Bo BpeMsl COBEpIIEHNsl JBUZKEHUIH, a TaKzKe BJINSHUE 3JI0POBOIO cTape-
HUsI Ha 9Ty Koppessdiuio. Pe3yibrarsl n300parkeHbl Ha pucyHke 4. Koppessius
onenuBajach 1o cencopam C4 st yesnosuss LH u C3 s yesosuss RH. B coor-
BETCTBUU CO 3HadeHusiMu Koadpdurumenta Koppesranun [upcona, DET neraTuBHO
Koppestupyer ¢ ERSP,, (ycnosue LH, C4: rgqy = —0.74, p = 0.0002, ycnosue RH,
C3: ray = —0.65, p = 0.0018), B T0 BpeMs Kax RT'E 1eMOHCTPHPYeT 03U THBHbIIT
tpen (yeaosue LH, C4: rgqy = 0.67, p = 0.0013, ycinosue RH, C3: 74y = 0.51,
p = 0.0204). HecmoTpst Ha TO, 9TO TOJIyIEHHbBIE PEIPECCUN UMEIOT CKOPee yMepeH-
HBIIl XapakTep, 3HaUeHNE P yKa3bIBaeT Ha MPUCYTCTBUE CTATUCTUICCKU 3HAYNMbBIX
JINHEHBIX OTHOIIEHUN MeXKJIy pacCMaTpUBAEMBIMU IepeMeHHbIMU. Takmm obpa-
30M, O0JIee BBICOKAs PEryJIgPHOCTH IPeAcTHMYJIbHOM DI cBazana ¢ 6ojiee BbIpa-
JKenHbIM nofasienneM RSP, O6e meper RQA, npumMenénnble /s 10y deHns
JIAHHBIX Pe3yJIbTATOB, MOT'YT PacCMaTPUBATbCs KaK OMOMapKepbl 3JI0POBOTO Heili-
POHHOT'O OTBETa MOTOPHON KOPLI MO3Ta Ha COBEpPIIaeMOe JIBMKEHHE, HAWTYIITIM
00pa30M BbIPayKEHHbIE B I'PYIIIE MOJIOJBIX UCIIBITYEMbIX.

Ha Bropom sTarie paboT, ¢ IOMOIIbI0 YaCTOTHO-BPEMEHHOI'O aHaJI13a ObLIO BbI-
sIBJIEHO BJIMAHWE (paKTopa BO3pacTa Ha CKOPOCTH HEHPOHHON peaKIMu Ha COBEp-
maeMoe JIBUKeHNe, a TaKyKe BBIABIEHbI BO3PACTHBIE U3MEHeHNs B (DOPMUPOBAHUN
cTpaTeruy HefpOHHOT'O OTBETa Ha dTalle IOJAIOTOBKHU K JBUKeHN0. OCHOBHBIM pe-
3yJIbTATOM, ITOJIyYCHHBIM B paMKaX JAHHOI'O UCC/IE/IOBAHUS, ABJISI€TCs TIOBBITICHHAS
akTuBaius f-purma (4-8 ') y MOKUIBIX MCHBITYEMbIX, CBSI3aHHAS ¢ CEHCOMOTOD-
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Ycnosue RH, cpaBHeHre mexpay rpynnamu (EA-YA)
a 6-knactep, 6 ceHcopos, p = 0.049

1.0 EA
15 — YA

PAS

Cp. F-cratnctika -500 0 500 1000 1500 mc
(364-512 mc)

6 ANOVA cmelLaHHOro amnsarnHa B MapHble HabnogeHns
=1 EA @ EA ¢} @
= YA

3 T
82| |
o
& —1 . o
o
i - T
o o
hille °
0 ceNen j_
T T T T
LH RH 0 1 2 3
Ycnosue ERSP (LH, cp.)

Puc. 5: (a) — mpocrpancTBeHHO-BpeMeHHOI Kiactep (cieBa) u cpejtee O-ERSP coorsercTByio-
IUX KJIaCTepoB (ClpaBa) B MHTEPBAJ BPEMEHH, IPe/IIIEeCTBY O JIBUKEHUTO TIPaBoil pykoil. be-
JIble TOYKHN YKa3bIBAIOT HA CEHCOPHI, BOIIIE e 3HaTnMble KacTephl. [lonapHoe cpaBHeHmne ObLIO
IPOU3BE/IEHO ¢ HOMOIILIO OHOHAIIPABICHHOIO HEIAPHOrO F-Tecta ¢ Ppgirwise = 0.005 (dF1 =1
and dF2 = 18, Foritica = 10.218). KnacrepHbiit anagns 6bL1 IPOU3BEIEH € MOMOIIBIO HElapa-
METPHYECKOIO [EPMYTAIIMOHHOIO TeCTa C Pepuster = 0.05; (6) — pacmpejiesieHne CHEKTPATbHBIX
SHEPIuil B f-Juana3oHe JJAHHOTO [0 UCHBITYEMbIM B KayKJioil nape (rpymima, yciaosue). 3ech,
ykasbiBaeT Ha p < 0.05; 6 — quarpaMma paccessHUs IMapHbIX HAOJIOJEHNN JIJId KaxKI0W IPYIIIIbL.

HOIT nHTerpalueii. Pe3ybraThl IpocTpaHCTBEHHO-BPEMEHHOI'O KJIACTEPHOTO aHA N~
3a crekTpasbaoil sHeprun (ERSP) ormesnbHo 11t Kazk10ro 9KCIepuMeHTa bHOro
VCJIOBUS TIpe/icTaB/ieHbl Ha pucyHke 5(a). [Ipu aBurkennu mpaBoit pykoit 6611 00HA-
pyxxen f-xknacrep ¢ 364 10 512 mc, B Kotopbiii Bomm cencopel C3, C4, Cp3, Cpz,
Cp4 u P4. JIna oneHKH BO3pACTHBIX U3MEHEHUI B aKTUBAIUU O-puT™Ma ¢ yIETOM
¢aKkTOPOB BO3pacTa M THIIA JIBUYKEHHUsI, ObLI NPUMEHEH INCIEePCHOHHBLIN aHaIn3
cmeranroro ausaiiaa (ANOVA) criekTpasibHBIX 9HEpruit f-putMma, yepe HEHHbBIX
110 BBISIBJIEHHOMY ITPOCTPaHCTBEHHO-BPEMEHHOMY KJjiacTepy. Pe3y/braTsl mpejicras-
nenbl Ha pucydke 5(6). Tect ANOVA wme BbigBus 3HauuMbIlil 9¢hdekT Bo3pacTa
(F(1,18) = 2.189, p = 0.156) u Tuna memxenuns (F(1,18) = 3.151, p = 0.093).
OjHako, ObLJIO OOHAPYZKEHO 3HAUNMOE B3aMMO/ICHCTBIE MEXKTy 3TUMU (DaKTOPAME
(F(1,18) = 5.085, p = 0.037). Takum o6pa3oM, Ipe-JBUraTeIbHAS CIIEKTPaJIb-
Has dHeprud O-purma OblIa CXOrKa IPH JIBUXKEHUM JIeBOil pykoil B rpymmnax EA un
YA (EA, LH: M=1.464, SD=1.171; YA, LH: M=1.169, SD=1.038), B T0 Bpems
Kak rpymna YA mnpojieMoHCTpupoBaJia 0oJiee ¢j1adyio akTUBaIno f-purMma B yCjio-
Buu JBrzKeHust pasoit pykoit (EA, RH: M=1.532, SD=1.054; YA, RH: M=0.601,
SD=0.520). C yuérom monapHbix HAOJIOIEHNI, TPEICTABICHHBIX Ha PHCYHKE H(B),
8 m3 10 MCIBITYeMbIX U3 TPYIIBI YA IIPOJeMOHCTPUPOBAIN JAHHBII 3(DdEKT.
Haxkomner, Obli1a ipoaHan3upoBata CTPYKTYpa KpPyITHOMAaCIITabHO# ceTn hyHK-
[IMOHAJILHBIX CBA3€Il C MOMOIIBI0 NCKYCCTBEHHOIl HEPOHHOI CceTH B paMKaX Tep-
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EA-YA, 6-put™m
F F F F

MCR MCRr MCgr MCgr 0.05
P P P P 0.00
MC(* MC( MC(* MC} 005
MCz MCz MCz MCz
EA-YA, y-put™m
F F F

MCR MCR MCR

MC(" MCIN MC}
MCz MCz MCz MCz

b
1 1 e

1 1
0.0—0.5 0.5—1.0 1.0—1.5 1.5-2.0 Bpewms, cek

Puc. 6: Mexxrpynmnosoii anams GyHKIMOHATBHBIX 3aBUCUMOCTE}, YCTAHOBIEHHBIX IIPEJI0KEH-
Hoit Mojienbto FF-MLP B 0- (Bepxuwuii psiji) u p-puanasoHe (HUZKHUN Psi).

MUHOJIOTUH TeHePaJIN30BaHHON CHHXPOHU3AINN, ABJISIONENCS TUTIOM CUHXPOHHOTO
MOBEJIEHNsT CUCTEM, YKa3bIBAIONINM Ha, MPUCYTCTBUE (PYHKIINOHAILHON 3aBUCIMO-
CTU MEZKJIy BEIYIIeid U BeJIOMOIl CUCTEMOIL.

PesynbraTsl cpaBHeHUs MOTYYEHHBIX MaTPUI] CBA3HOCTH MEK]Iy TPYIIIaMU C
MTOMOIIIBIO HEMApHOTO t-TecTa TMOKa3aHbl Ha pucyHke 6. Bumno ycunenme cszeit
MeXKy obJsiacTamu B rpyiie EA B mHTepBasbl BpeMeHH, COOTBETCTBYIONINE BbI-
MOJTHEHUIO JIBUKEHU. B 11e/10M, CBA3HOCTH MOTOPHOI 00JiacTH BBLIIIE B I'PyIIIe
EA B cpaBuenun ¢ rpymmnoit YA. B gactnoctn, orpe3ok 91, cBs3aHHBIN ¢ BbI-
nosiHerneM JBizkernst (1.5-2.0 ceKyH/IbI) CBsI3aH CO 3HAUNMBIMU CBSI3SIMU MEZKTY
JIOOHOIT J10J1eft 1 1IpaBbIM MOTOPHBIM KOPTEKCOM KaK B 0-, TaK U B -JUalla30HaX.
Kpowme Toro, B niepuoj niepe jasrkenuem (0.5-1.0 cek) Habonanach HabJIOIa-
Jach PYyHKINOHATbHAS 3aBUCIMOCTD MEYKTy TEMEHHOI 001aCTHIO U JIEBBIM MOTOD-
HBIM KOPTEKCOM, KOTopas ObLia cuyibHee B rpyine EA B u-auanasone. ['pymma EA
TaKKe JIEMOHCTPHUPYeT OoJjiee CUJILHBIE CBA3U MEYKJLy TeMEeHHON U JI0OHOI Jjtosieit
u OusarepaabHoil MOTOPHOI 0bJiacThio. HabmojaeMble pa3indust B ABYX BO3PACT-
HBIX TPYTIAaX MOTYT OBITH O0bICHEHbI M3BECTHBIMU TPEICTaBICHUSIMI O MEXaHU3ME
pabodeit mamaTn?®. MozKHO cies1aTh BBIBOJL, YTO B TpyIie EA IpHCyTCTBYeT CII07K-
HOCTbB C JIOCTYTIOM K XpaHslieiicsa B pabodeil maMaTn nHMOPMAIINN O JIBUTATETHHBIX
akTax>’, 4TO WrpaeT posib B 3aMeJUICHIH TIpolecca HefipOHHON aKTHBAINN H BbI-
pazkaeTcs B Ipeob/iaJaHnn MPOTECCOB, CBI3AHNBIX C CEHCOMOTOPHOI MHTETpaIneii,
HAITPaBJIEHHBIX Ha KJIACCU(UKAINIO ayIM0-KOMaH bl U MOC/IeTyIolee TIaHnpoBa-
HUE JTBUZKCHUI.

B deTrBéproii riaBe juccepTanoHHONl PabOTHl TPUBEJEHO ONNUCAHNE CIIOCO-
6a JIeTeKTUPOBaHNA U KJIacCU(UKAINKI TPON3BOJILHON JIBUTATE/IHHON aKTUBHOCTH,

28Quentin R., Cohen L. G. Reversing working memory decline in the elderly //Nature neuroscience. — 2019.
- V.22, — Ne. 5. — P. 686-688.

29Gteiger T.K. et al. Working memory performance in the elderly relates to theta-alpha oscillations and is
predicted by parahippocampal and striatal integrity //Scientific reports. — 2019. — V. 9. — Ne. 1. — P. 1-11.

17



BBIIOJIHSIEMOIT 6€3 3BYKOBOI'O cHI'HaJIa, a TakxKe rnorexnimaso P300, ¢ momoibio
Mep peKyppeHTHOro aHajmsa 991

IIpornerypa sKcIepuMeHTa 10 3alliCi CUI'HaJIOB DI BO BpeMsi COBEpIIEHHSI
JIOOPOBOJIBHBIX JIBUKEHUIT 03 CUT'HAJIa IPEJIIojIarajio BbIIIOJHEHUE HCIBITYEeMbl-
MU HPOCTBIX JIBUTATEIBHBIX 3a/a4d Ha CXKaThue U pas3KaThe KUCTH PYKH B KyJak C
IIPOM3BOJIbHBIM IIOPSJIKOM YepeioBaHns PYK. IBUKEHUsI BBIIOJJIHSIINCH HCIIBITYe-
MBIMH B ITPOM3BOJIBHBIE MHTEPBAJIbI BpeMeH! 0e3 BO3eifICTBHUS BHEITHEI'O CTUMY-
na. [omcuér asuzkenuit BEICs HAOIOAAIONINM SKCIEPUMEHTATOPOM. JKCIIEPUMEHT
OCTAHABJIMBAJICS, KOTJIa MCIBITYeMbIil coBepIiaj Kak MUHUMYM 110 30 JIBUKEHUT
KazKJI0Il PYKOIA.

PasmeTka sKcIepuMeHTaJbHBIX JaHHBIX I mpousBoamiIach ¢ MOMOIIBIO CUT-
HAJIOB MBIIIIEYHOI AaKTUBHOCTHU, PETUCTPUPYEMOI IIPHU ITOMOIIN ITOBEPXHOCTHOM 91K~
tpomuorpacdun (IMI'). Bouin BbliesieHbI MOMEHTBI BpEMEHH, COOTBETCTBYIOIINE
HavaJIy BbIITOJHEHUsI JIBUYKEHUI, U NCIIOJIb30BAHBI JIJIsi PA3METKI MHOIOKaHAJIbHBIX
nanabpix DI Banuck gaHHBIX DI MpomszBoAMIACE € HOMOIILI0 000PYIOBAHUSI
ActiChamp Plus (Brain Products, lepmanust), ocymiecTBIIsiioniero HernpepbiBHY O
zamuch I ¢ 64 cencopon ¢ dacroroil auckperusamnuu 1000 I'u. Curnansr DMI
3aIMCBIBAJIICE TIPH TIOMOIIH 31eKTpodHIedaiorpada «unedanian DI['P-19/27»
¢ gacToToil auckperuszarun 250 I'.

B coorBercTBuN ¢ pa3zmerkoil curnajo D3I, ObL1n BbleeHbl 110 30 310X 9T,
COOTBETCTBYIOIINE JBIZKEHISIM KazK 10l pyKOii, JITUTeTbHOCTBIO 6 ceKyH T (3 ceKyH-
JIBI JIO OTMETKH U 3 CeKYHJIbI 110¢e). Jjist pocTpanCTBeHHO-BPEMEHHON JIOKAJIH-
3allii [ATTEepHA JIBUTATEIbHOI akTUBHOCTH, ObLIO Npoussejeno HBII ¢ maTepun-
ckuM BeiiByieToM Mopiie B quanaszone 1-40 ', marom 1 't 1 KomdecTBOM IUKJIOM
n = f/2, e f — KOMIOHEHTA 9aCTOTHOTO CrieKTpa. [IpeBapuTebHbI aHATNIS 110~
Ka3aJl, 4To nHrepecyomuii apdekr Hanbdoee BoIpaykKeH B BUJIE JECUHXPOHU3AIINN
p-purma (8-14 T') u jokamsyercst B 00J1aCTH, COOTBETCTBYIONIEH MOTOPHOI KOpe
roJIOBHOI'O Mo3ra. Ha ocHOBaHUN 9TUX pe3yJIbTATOB, /Il JlaJbHEHIIero peKyppeHT-
HOT'O aHaJIn3a OBbLIN BhIOpaHbl curHajbl D91, perucrpupyembie saekrpogamu C3 u
C4 n ordpuibTpoBaHHbIE B YKA3aHHOM JIHAIIA30HE f-PUTMA.

RQA 06p11 mpuMeHEH K paccMaTpuBaeMbIM 31oxaM 99[' ¢ MoporoBbiM 3HaUE-
HUEM €, OIpeJIe/IIeMbIM KaK O-if IepCeHTU/Ib paclpe/ie/IeHns] TapHbIX PacCTOSHUIT
MEXK/JIy OTJIeJIbHBIMU TOUKaMu curtaia I Ha unrepsase [-3,-1.5] cexyn (6a-
30BbIil yposenb). Mepa morHocTu pekyppenrtoctu (recurrence rate, RR) Oblia
BbIOpaHa Kak HauboJjiee ONTHMAJIbHASA ¢ TOYKU 3PEHHs ITPOCTOThI BHIYUCICHUN 1
nnrepuperanuu. RR sBisiercss Hanbosiee mpocToii Mepoil peKyppeHTHOIO aHAII3a,
1 OLIEHUBAETCS KaK KOJIMYECTBO BCEX PEKYPPEHTHBIX TOUYEK paccMaTpuBaeMoil pe-
KyppeTHoit muarpammbl. [lockombky ERD p-putma mMoxkeT paccMaTpuBaThes Kak
crKaTne TPAeKTOPUU MOTOPHOT'O PUTMa B IIPOCTPAHCTBE COCTOSIHUI, TO YBeJIUIeHUe
sHadeHne RR MokeT BbICTyHATh B POJIM yCTOWYMBOIO MapKepa MOTOPHON aKTHB-
HOCTH KOPbI I'OJIOBHOT'O MO3Ta.

Mepa RR ObLia nocunTana B 1iaBatoiieM okHe MmupuHoit 0.5 cekyHJ[ ¢ marom
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0.05 cekyH/I 1 CKOppeKTHpoBaHa Ha 3Hadenne RR 6a3zoBoro ypoBHst (10 BbIoJIHE-
Hust jaBuzkennit). Ha pucynke 7 mokasana obiast TEHJIEHIINST U3MEHEHHsT TI0THO-
CTU MOBTOPSAEMOCTHU CUTHAJIOB DI, 3aperncTpupoBaHHbIX MPU TOMOIIN CEHCOPOB
MOTOPHOII KOPbI IOJIOBHOT'O Mo3ra. JHadeHns RR s 6a3zoBoro ypoBHsI comocTas-
JIAIOTCS ¢ TOYKAMU, COOTBETCTBYIONINE PA3JIMIHBIM MOMEHTAM BpPEeMEeHU ¢ MOMEH-
Ta Havasja JBIDKeHus. Kaxkjias Touka spjsgercd 3nadenneM RR Bo Bpemennom
unaTepBaje 0.05 cekyHI ¢ MOMeHTa Hadasa JBIKeHUs (10 15 Touek Ha KaxKoe
yesioue). U3 mpejicTaBiIeHHBIX JIHATPAMM DAcCesHUs BHUJIHO, 9TO 00JlaKa TOUYEK,
COOTBETCTBYIOIINE NCXOIHOMY YPOBHIO, COCPEJIOTOYEHbl BOKPYT Hadaja KOOPJIH-
Hat. B To ke BpeMms, IBeTHBbIE 00JlaKa TOYEK, aCCOIMUPOBAHHDLIE C BPEMEHHBIM
NHTepBaJIOM Hadajia JIBUXKEHUs, UMEIOT TEHJIEHIINIO CUJIbHO BBIXOJIUTH 3a Ipe/jie-
JIbI 00J1aCTH, 3aHIMAEMOil 00JIAKOM TOYEK MCXOIHOI'O YPOBHSI. 3aMETHO, 4TO JIJIsI
YETBIPEX IPEJICTABIECHHBIX CYOHEKTOB XapaKTEPHO BBITATHBAHUE OOJIAKOB TOYEK
BJIOJIb OCH, KOHTpaJaTepasbHOI BhIIOJIHIEeMOMY ABuzKeHuto. OpHako, HaDJII0/1a~
eTcs TaKyKe YHUTaJepaJbHbIl POCT IJIOTHOCTE( MOBTOPSIEMOCTH IIPU COBEPIIIEHUN
IIPOU3BOJIbHBIX JIBUZKEHUI KaK IPaBOil TaK U JIEBOH PYyKOH. DTO MOKeT ObITh Kak
CJIeJICTBUEM aHaJIN3a HEfPOHHOI aKTUBHOCTU Ha YPOBHE CEHCOPOB O€3 MpUMeHeHU s
JIOTIOJIHUTE/IbHBIX IIPOLEIYD IPOCTPAHCTBEHHONH (BUIbTPALNT, TaK U CJIeJCTBUEM
ouaTepaJibHOr0 BO30YK/IeHNA MOTOPHON KOPBI NP BLIIOJHEHNN YHUJIaTEpasIb-
HOT'O MOTOPHOT'O 3aJIaHUS.

Bo BTOpOIT YacTu IJ1aBbl OMKICAHO AeTeKTHpoBanue rnoreniuaa P300, BosHuka-
fo1ero npuMepHo depes 300 Mc 1ocsie perbaBAECHUS ay/IM0-CTUMYJIa, ¢ TTOMOIIbIO
Mepbl sHTponn pekyppentaoro Bpemenn (RTE), mocanrannoit B mtaBarorem okHe
mupunoit 200 Mc. Bblia ocyIecTB/IeHa TPOCTPAHCBEHHO-BPEMEHHAs JIOKAJI3AIINS
notennuaa P300 ¢ moMoImpio KIacTepHOTO CTATUCTUYECKOTO TeCTa Ha OCHOBE CJIY-
YaliHbIX 11ePecTaHOBOK, KOTOPBIi olpe/ie/in/l 3HauuMblil BpeMeHHoit nHTepBaJj 160-
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Puc. 8: Jlerektupoanue P300 wa orinenbabix Tpuajax I Uaentudukamusa P300 mpouiiio-
CTPUPOBAHA JIJIE TPEX CJIyYaeB: (a) — JeTeKTUPOBAHUE BO3MOXKHO KaK IIPU ITOMOIIU aMILIATY/IbI
99T, tak u upu nomon ARTE; (6) — nerekruposanme Bozmoxkuo 1o ARTE wu, B MeHbIeit
CTEeIeHH, IPU TOMOIIH aMILTATY/Abl DI (8) — neTekTupoBaHne BOZMOXKHO TOJIBKO MPU HOMOIIH
ARTE. Cepbim Bbiesern waTepBaa 160-408 Mc, cTaTcTHYecKH ONpeeeHHBI Kak Hambosee
BEPOSATHBIN I BO3HUKHOBeHUs dbdekTa, cBazannoro ¢ P300. B BepxHeit ctpoke u cpemgHeit
CTpPOKe Ha KaxKJIoM rpaduke npeicrapien curaaa 991 u snauenune mepsl ARTE, ycpeanénmnie
10 7 BbIJIeJIEHHBIM ceHcopaM. B Hmxwueit yactu npejcrasieno 3uadenne ARTE aia kaxkmgoro
CEHCOpa OTJIEJTHLHO.

408 mc Ha Bpemennoit 3apucumoctn Mepbl RTE, KoTophIil oxBaThIBaeT 0XKHIIaeMOE
BpeMsi BO3HUKHOBeHHe 3ddekra, Hanbosee HMPOSIBIAIONNNICSI B JIEBOII MOTOPHOI
kope (7 cencopos, C3, F3, T7, Fz, FT7, FC3, CP3, p = 0.002). BsL1o mpomemon-
CTPUPOBAHO, UYTO JAHHBII Pe3yJIbTAT BOCIPOU3BOIUTCA B IPyIIe UCIBITyeMbIX. Ha
pUCYHKe 8 TPOIEMOHCTPUPOBAHO TP puMepa, AeTeKTupoanus P300 misa Tpéx or-
JeJIbHBIX 9110xax. Ha pucynke 8(a) BbIIEISETCsT XOPOIIO JIOKAIU30BAHHDI ATTEPH
pocta Mepsl ARTE (cpemnmit rpacduk) B Moment Bozunknoserust P300, oraérim-
BO BBbLIEJISIIONINIICA B BUjie XapakTepHoil ¢popMbl BoJHBI (BepxHuil rpaduk). Ha
pucynkax 8(0,B) mpejicTaBIeHbl JiBe 3110Xu, Ha KOTOpbiX P300 BbIies€TCS I0XO0
nim oTcyTcrByeT, ipu 3roM Mepa RTE mozBosisieT ocyiecTBuTh JleTeKTHpoBaHue.
Huxauit ps Ha KaXKJ10M pUCyHKe MOKa3bIBaeT, UTo JlereKTupoBanne P300 Mmoo
OCYIIIECTBUTD JJIs1 KaxKJI0TO KaHaJla U3 OIMPeAeIEHHOr0 KIacTepa OTAeIbHO.

B 3aksroyenunm chopmympoBaHbl OCHOBHBIE PE3YJILTATHI U BBIBOJIBI, TOJIY-
YeHHbIE TTPU BBITIOJTHEHUN JAHHON JINCCEPTAITMOHHON PAbOTHI:

1. BrL10 mokazaHo, YTO BBIITOJHEHIE ABUTaTEIbHBIX 3a/1a9 CBA3aHO CO CHUYKCHH-
eM CJIOYKHOCTHU curHaJioB D3I Kpome Toro, jgaHHble MepPbI OKa3aJUCh JOCTATOYHO
JyBCTBUTEJIbHBIMU, YTOOBI II0KA3aTh PA3HUILY MEXKJTY JIBYMsI JlaTepaJibHbIMU TUIIa~
MU JIBUZKEHNS], BOSHUKAIONLYIO U3-3a pa3/niuil B peaknuu Hefiponos. B yactHocTH,
OBLIIO IIPOJEMOHCTPUPOBAHO CUJIbHOE YBeJIMYEeHHe PeryJisipHOCTH B CEHCOMOTOPHOIT
00J1aCTU TOJIOBHOI'O MO3Ta, ITPOTUBOIOJIOXKHOI BHITIOJIHSIEMOMY JIBUYKEHUIO.

2. Mepa pekyppentnoro anajmnsa RT'E obaiaeT BbICOKOI 9yBCTBUTEIHLHOCTHIO
K U3MEHEHUsIM XapaKTePUCTUK CJIOYKHOCTU CUI'HAJIOB DI, CBSI3aHHBIX C BOCIIPHSI-
THeM cTuMy/1a. B gactnocTn, BosnnkHoBenne norenmuajia P300 ceazano ¢ mepexo-
JIOM 3JIEKTPUYECKON aKTUBHOCTH MO3ra U3 PEryJIApHOro B 60jiee CJI0YKHOE, Xa0TH-
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JeCcKoe COCTOsIHIE.

3. ITokazaHo, 94TO CJIOXKHOCTD IPEJICTUMY/IbHBIX CUTHAJIOB DI, pacCUnTaHHbIX C
nomotnbio Mep RQA, KoppesmpyeT ¢ BbIpaxKeHHOCTHIO JeCUHXPOHU3AIUH [i-PUTMA
BO BpeMsl COBEPIEHUS JBUKEHWIT, TIPU ITOM JIJIsT TPYIIIHI MOKUJIBIX UCITBITYEMbBIX
XapaKTepHO codeTaHue MOBBIIIEHHON C/I0KHOCTH curHajioB 991" co ciaboii jgecnH-
XpoHuzarueii g-purma. Kpome Toro, B rpyrie moxKubIx Jitojeit HabJoiaercs mo-
BLIIIICHIE aKTUBAINs O-pUTMa, BOSHUKAIONIAS ITOCIEe 3BYKOBOI'O CUTHAJIA, a TaKyKe
yKperieHrne (pyHKIMOHAIbHBIX CBsA3eil B IEHTPAIbHbBIX, BUCOYHBIX U JIOOHBIX JIO-
Jsix. JlaHHble pe3ysIbTaThl YKA3bIBAIOT Ha HCIOJIb30BaHKIE OOJIBIIEro KOJNYeCTBa
PECYypCOB BO BpeMs TOJATOTOBKU K JIBUYKEHHUIO TPYIIION MOYKUIBIX UCITBITYEMBIX,
YTO 3HAYUTETHHO 3aMe/IsAeT HeHPOHHYIO PEaKIInIo.

4. Tlokazan criocob npumenenust Mmep RQA s nerekTupoBanust u Kiaccuduka-
IUU JIBYX THUIOB JIBUYKEHUS PYKaMU, COBEPITaeMbIMU TTPOU3BOJILHO 0€3 3BYKOBOT'O
CHUTHAJIA, a TaKyKe JIJIsl JIeTeKTUPOBaHNs BhI3BaHHOTO noTeHIua a P300 Ha oguHOY-
HBbIX BpeMeHHbIX psijax DI ITokazano, 4To Mepa CJI0KHOCTH curHajioB D91 Ha
OCHOBE PEKYPPEHTHOI'O BPpEMEHU JyBCTBHUTEIbHA K Bo3HukKHOBeHHIO P300 jnaxke B
TeX CJIydasx, KOT/la JTaHHbBII MOTEHIHA HEBO3MOXKHO OIPEJICTUTD TPAINIINOHHBIME
criocobaMu.

OcHoBHBIE ITYOJMKAIINM II0 TEME JIUCCEPTAINN
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