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Anomauyia—B naniii po60Ti HaBeJeHa METOJUKA EKCIHEPHMEHTY Ta eKCIIEPUMEHTAJIbHE JOC/IIZKeHHs CIIEKTPaJbHUX
XapaKTePUCTHK 0ioe1eKTPUYHOI AKTHBHOCTI MO3KY CTYJAEHTIB IIijJ] Yac NPOCIyX0BYBaHHSI My3M4YHOI KOMIIO3MIiil. A came,
ayaio-curHaJiB, ki 0y.iu BiniOpaHi 3a ceKTPaJILHUMHU XapAKTePUCTHKAMM 32 KPUTePieM OXOIJIEHHS] YyTHOIO Jiana3oHy
4acToT. 3 BHKOPHCTAHHAM CTATHCTHYHOIO aHAdi3y NpeacTaBjeHo pe3yabTaTH o0podkn EEI ganmx excrnepumeHTy.
OTtpumani pe3yjbTaTn Bigo0pakeHi Ha KapTaX aKTHBHOCTI MO3KY 32 4YacTOTaMH Ta 3a Aiana30HaMM /sl PUTMIB r0JIOBHO-

ro MO3KY, 30KpeMa ajb(pa-, 0eTa- i TeTa-puTMiB.

Knrouogi cnosa — enekmpoenyegdanozpama; cnekmpanbHuil aHaniz; My3udHa KOMRO3Uyis.

L Bctvn

My3nka € BaXIJIMBOIO MOJEJBHOIO CHCTEMOIO ISt
BHBUCHHS PUTMIYHOTO CITIJIKyBaHHS, OCKIJIBKA 1i pUTMi-
YHa CTPYKTypa moOpe 3po3yMmina. My3wdHi pUTMH, 5K
MIPaBWJIO, CHPUWMAIOTh OCHOBHUH pPHUTM Yy Jiama3oHi
npudmuzao 0,5-4 I'm. Metp BinNOBiae CHPUHHSATTIO
YepryBaHHA CHIIBHUX 1 CaOKUX yJIapiB; HAa JOJATOK 10
YaCTOTH IMITyJIbCIB, METPUYHI CTPYKTYpH MICTATH LIBH-
JIKiCHI 4YacTOTH OWTTIB, MO0 TOUISIIOTh IMITYJIbC
(4-8 T'), i OLIBII MOBLIBHI wacToTH OWTTA (<2 I'm), mIo
aKLEHTYIOTh LUK IMIyNbCy. PUTMIUHI 3pa3sku TaKoX
CIpUAMArOTBCS B TPYyI (hpa3oBUX CTPYKTYp. Sk 1 My3H-
Ka, MOBa, SK TPaBHUJIO, € I€papXidyHOW, e CKIaau
(4-8 I'm) 30uparoThCs B JIeKCHYHI Ta ppa3oBi ogMHUII 32
MOBUTBHIMIUMHE 4YacoBuMH Iikamamu (<4 I'm). Tum He
MEHIII, 1€papx1qH0 BKJIQJICHI CJ'IyXOBl KOPKOBi PHUTMH,
IO OXOIUICHI K MY3MYHHMH TaK i MOBHHM PHTMaMHu

[1].

Enexrpoeruedanorpadis (EEl') € pyruHHUM MeTO-
JIOM OOCTE)XEHHS HEBPOJIOTIYHMUX XBOPUX B CYyYacHIH
KIiHIYHIA mpaktumi. Haiibinem gacto OioeneKkTpudHa
aktuBHICTE (BEA) TOJIOBHOrO MO3Ky pEECTPYETHCS
B CTaHI PO3CIa0IIEHOTO HECMaHHs, TOOTO B CTaHi CITO-
KOIO 13 3aKpUTUMH OYMMa. B OCTaHHI POKHM CTanu MUpo-
KO JOCTYHHUMH METOI¥ KOMI'IOTEPHOI OOPOOKH NaHUX
EET. OmHak, B KIIHIYHIA MPAKTULI JOMIHYE TpaauIlii-

HUM Bi3yalbHUH aHaji3 OTPUMAHHUX JAaHUX B 3B'S3KY
3 HEJAOCTATHBOIO PO3POOJIEHICTIO KPUTEPIiB HOPMHU
i maroJyorii BIZHOCHO CIIEKTPaJbHUX XapaKTEPHUCTHK
BEA [2].

MeTo OCHIDKEHHST € BHUBYCHHS CIEKTPAIbHHX
xapakTepucTuk BEA MO3Ky CTYyZEHTIB mia 4ac mpocity-
XOBYBaHHA MY3MYHOI KOMIIO3HWIIii, SIKa CKJIAZa€ThCS 3i
CKJIaTHHUX ay;[io CHUTHAIB MOBHOIO YaCTOTHOI'O CIIEKT-
py; AKI po3mnem XBHJIMHOIO THIII, 1[0 JTO3BOJUTE JIOKa-
m3yBaT1/1 JIISHKA TOJOBHOTO MO3KY JUIs TOJANbIIOro
JIiKyBaHHS Ta €(EeKTUBHOI IICUXOJIOTIYHOT peadimiTarii.

II.  METOJUKA EKCIIEPUMEHTY

3aBIaHHAM CKCIIEPUMEHTY € TIepeBipKa BILUTUBY Py
My3UYHUX KOMIIO3UIII HA PUTMH TOJOBHOTO MO3KY,
30KpeMa anbda-, 6era- i TeTa-puTMH. Y pasi 3araibHOTO
MTO3UTUBHOTO eq)eKTy JIETaTbHO npoaHani3yBaTH 3MiHH
napaMeTplB pI/ITMlB i J'[OKaIIlSyBaTI/I lllJ'[HHKI/I MY3UYHHUX
KOMIO3HUIIIN, sKi Halle()eKTHBHINIC BIUIMBAIOTH Ha
PUTMHU TOJIOBHOTO MO3KY IIOAWHU, 3 METOK JIIKyBaHHS
MOpYIIeHb (YHKIIIOHYBaHHS LEHTPadbHOI HEPBOBOI
CHUCTEMH, OPTaHIYHHAX YIIKOIKCHb TOIOBHOTO MO3KY,
cTpeciB, Ta 11 eeKTHBHOI MCUXOJOTIYHOI peadimiTamii

(3]
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60 AKYCTHYHI NPUJIAJHA Ta CHCTEMHU
TABIULA 1 MY3UYHI KOMITO3ULIT
126MKB* 2/l
N Kommosuuist Yacrora | YacroTHa G
3 Amax rpyna

«Bohren Und Der Club of Gore» —
! On Demon Wings (a) 80 't HY T s
2 «LittleWalter» — BlueLight (6) 110 I'p HY

«Monurea  3a  YkpaiHy» «—
3 M.JIucenka (B) 420 T cd
4 «Menonis» — M.Ckopuka (T) 450 I'n CcY Tz I
5 «Gagy — Chimaira (1) 1,76 xI'm | BY
6 «Highway to Hell» — AC/DC (e) 2,1 'y BY

Puc. 1 Cxema HakJIagaHHs eNEKTPOAIB 3a cxemoro 10-20

MeroauKa €KCIIEpUMEHTY Ta OTPHMaHi CHEKTpajbHI
XapaKTEPUCTHKN MY3WYHUX KOMIIO3HUINH Oynm omumcasi
B nor[epez[HiI‘/’I crarti [3]. Jng ekcrepuMeHTaIbHOTO
JOCHI/DKEHHST 110 CTHUMYJISIIT LCHTPAIbHOI  HEPBOBOI
CHUCTEMH JIIOJMHM CKIIaJHUMHU ay,zuo CHTHAlIAMH, Oynn
3ajlissHi My3uuHi (parMeHTH pi3HOr0 KOMIIOHEHTHO-
CTpyKTypHOTO ckiany. Bei gparmenTn 3anucani B gop-
Mati mp3, micyist KOXXHOTO (parMeHTy JUlst IPOCIYyXOBY-
BaHHs OyJia npenacTapicHa XxBuiuHa T (Tadmumst 1).

B excniepumenTi, Ha OOPOBLIBHI 3rofi, BiANOBITHO
IO TIpaBUJT OI0ETHKH, SIKI PErJIAMCHTOBaHI MiKHAPOIHHU-
MU JOKyMEHTaMH, MPUHMAaIH y4acth 9 JOOPOBOJIbBIIB —
cTyaeHTiB. Bei migmocmiaai — 6e3 creriaibHoi My3HYHOT
OCBITH.

Peectpamis EEI' BifOyBaeThCsi 3 BHKOPHUCTAHHSIM
CpiOHMX YaIIeYKOBHX €JEKTPOIB, PO3TAlIOBAaHHX B 16
cranmaptaux Biasemenusx (Fpl, Fp2, F3, F4, F7, FS,
C3, C4, P3, P4, Ol1, 02, T3, T4, TS5, T6), nokamizamis
SIKMX BHM3HAYasacsl BIAMOBIAHO 10 MDKHApPOAHOI CHCTe-
Mu «10-20» (Puc. 1). Sk pedepeHTHI BUKOPHUCTOBYBa-
Jmcst po3nineHi BywHi enekrpoxau. 3amuc EEIT mposo-
Iuacst B cMy3i mporryckaaas Big 3 mo 30 I'm.

JlocnimKkeHHsT TPOBOAMWIIOCS B KOM(OPTHUX YMOBax
B JpyTiit monoBuHI mHsA. Ha mouatky koskHOTO 0OCTE-
JKeHHsSI o/IHy XBWiMHY peectpyBanu EEI B craHi cmo-
KOI0 3 3akputuMmu oumMa. L[i maHi posrmsamamucs sk
(bOHOBi B OCHOBHINM YacTHHI E€KCIIEPHMEHTAILHOTO
JTOCTIJDKEHHS, peCCTpaLu;[ EEI' npoBoaunach TpH 1po-
CIIyXOBYBaHHI ITAJOCIITHAM Pi3HUX KOMITO3HIL.

CraTHUCTHYHUN aHaji3 pe3yJbTaTiB  IOCHiHKCHHS
MPOBOJUBCS 13 3aCTOCYBAaHHSM TAKETIB MPUKIAJIHUX
mporpam  Microsoft Excel i PHPStorm 2019.3 musa
Windows i BKiIrouaB B ce0e IeKiabKa €TaIiB.
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Puc. 2 Kapru 3a giama3oHamu Ta 3a 4acTOTaMH, sIKi BiIIOBIIalOTh
AKTHBHOCTI MO3KY IIiJl 4ac MPOCIYXOBYBaHHI KOXKHOTO ayaio-CHIHAITY
3 kommo3uuii 3 Tabmuus 1 (a-e)

3rigao 06pobkn EEI-manux Bmajocs OIiHUTH CTa-
TUCTHYHO 3Hauymi 3MiHM B BEA Mo3Ky, moB's3aHi He
TUIBKW 3 BIUIMBOM OKPEMHX XapaKTEPHCTHK KOMIIO3H-
Ii#, 0 MPOCITYXOBYBAJIUCH, a i BUSBUTH B3a€EMHHUH IX
BIUIMB Ha eMONilHMWIA craH migmochigaux (Puc. 2).
HesanexxHo BiJl MPHCYTHOCTI MYy3MYHOTO KOMIIOHEHTA
B 3pa3kax, LI0 NPOCIyXOBYBAJIHCH MiJJIOCHITHUMH, X
B3a€EMHUM BIUB MPU3BOJIMB JI0 3HUKEHHSI CIIEKTPaIbHOL
HOTYKHOCTI_aJb(Qa-pUTMY Ta TETa-PUTMY B_CHMETPHY-
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HUX MOTWIMYHUX BinBeneHHAX O1 ta O2 Ta B CKpOHEBO-
TiM'THO-TIOTHWJIMYHUX BiJIBEICHHSIX 000X MiBKYJb anbda,
O6eta Ta Teta-putMmiB TS5 Ta T6. Kpim Toro, B ambda-
niama3oHi moiOHa peakilis Oya BiA3HaUCHA B TEPEIHIX
obrmactsx, a came B 1000Bil Fpl ta Fp2.

[lepexpecHy nit0 (akTOpiB CIOKOK Ta aygio-
CUTHAJTy BUSIBJSUIU Y BiTHOCHOMY 3POCTaHHI CIIEKTPajib-
HOI HOTY)XHOCTI anb(a- Ta TeTa-puTMy B TpaBiid remic-
(depi: 3HAYyIIi BiAMIHHOCTI MOKa3aHi B IEHTPAILHOMY
Bigsenenni C4 Tta TiM'sHiN nUIsHLI BigBenenus P4.
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Puc. 3 CrextpanbHi OTYKHOCTI anb(a-, 6eTa- Ta TeTa-pUTMIB CHMET-
PHYHUX CKPOHEBHX NepeaHix BiaBeneHusx T3 ta T4

My3uuHHi KOMIIOHEHT B KOMIIO3HWIIiI HagaBaB CTa-
TUCTHYHO 3HAYUMHIA BIUIMB HAa BHUPAXKCHICTh anb(a-,
0eTa- Ta TeTa-puUTMY B TIEPEIHIX CKPOHEBHX BiIBEIEH-
Hax. JInsg HaouHocTi quB. Puc. 3. Tak HalOiIbII 3HAYM-
M€ 3HIDKCHHS CIIEKTPAIbHOI MOTYXHOCTI MOYHa 1oba-
YHUTH B IIPaBii MiBKYJ MO3KY.

BUCHOBKU

B nmamniit po6oTi Oynu oOpaHi aymio-CHTHAIHA KOXKHO-
rO YacTOTHOTO Jiana3oHy 3TiHO OTPHMaHMX paHille
CIIEKTPIbHUX ~ XapaKTepUCTUK. Bubip mpoBoauBCS
3 ypaxyBaHHSM OXOIUICHHS! YyTHOTO Jiala3oHy 4YacTor,
a ¥ioro pesynbraTd HaBeaeHi y Tabmmus 1. 3rigHO po3-
pobnenoi meroauku [3] OyB NMpOBENECHUH €KCHEPHUMEHT
Ta aHaNi3 3MiHM ITapaMeTpiB PUTMIB 1 JOKami3amis Ais-
HOK MENIONiH, fKi Hale()eKTUBHIIIE BIUIMBAIOTH Ha
AKTHUBHICTH TOJIOBHOTO MO3KY JIOAMHHU. CyAsuu 3 OTpH-
MaHHX Pe3yJbTaTiB, TETA-PUTM MPOEKTYBaB CBOIO aKTH-
BHICTh Ha IOCT-IIEHTpaJbHI 00JIacTi KOpH, OeTa-puT™M
IIPOEKTYBaB aKTHBHICTh Ha CHUMETPHUYHHMX TMOTWJINIHUX
BiJIBEICHHSIX Ta anb(a-puTMH B TEPEIHIX O00JaCTAX.
[TepcriekTHBOIO MOJNANBIINX JOCTIKEHb € 3MEHIICHHS
KIJIBKOCTI ayJi0-CUTHAIIIB KO’KHOTO YacTOTHOIO Jiara-
30HY Ta 30UTBIICHHS 9acy CIIOKOIO MK HUMH.

TIEPEJIIK TOCUJIAHb

[1] S. K. Rankin, P. W. Fink, and E. W. Large, “Fractal structure
enables temporal prediction in music,” J. Acoust. Soc. Am., vol. 136,
no. 4, pp. EL256-EL262, Oct. 2014, DOI: 10.1121/1.4890198.

[2] A. G. Polunina and N. P. Lefterova, “Topografiya spektralnykh
kharakteristik  bioelektricheskoj  aktivnosti golovnogo mozga
v sostoyanii pokoya,” Vestn. psikhiatrii, Nevrol. i neyrokhirurgii, vol.
4, pp. 48-54, 2012, URL: https:/panor.ru/magazines/vestnik-
psikhiatrii-nevrologii-i-neyrokhirurgii.html.

[3] D. A. Liashko and S. A. Naida, “Research spectra of complex
audio signals and methods of music therapy,” Electron. Acoust. Eng.,
vol. 2, no. 2, pp. 58-62, 2019, DOI: 10.20535/2617-0965.2019.2.2.

Copyright (¢) 2020 JIsmko /1. O., Jamapa A. B.

PeP86171°€°0C0C $960-L197/SES0COT 10d


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.2020.3.1.198434
https://doi.org/10.1121/1.4890198
https://panor.ru/magazines/vestnik-psikhiatrii-nevrologii-i-neyrokhirurgii.html.
https://panor.ru/magazines/vestnik-psikhiatrii-nevrologii-i-neyrokhirurgii.html.
https://doi.org/10.20535/2617-0965.2019.2.2

DOI: 10.20535/2617-0965.2020.3.1.198434

62 AKYCTHYHI NPUJIAJHA Ta CHCTEMHU

UDC 534.32

Experimental Study of Bioelectric Activity
of the Brain of Students While Listening
to a Musical Composition

D. O. Liashko, ORCID 0000-0001-9816-8992

"Hicell Telecommunication LTD"
Kyiv, Ukraine

A. V. Damarad, ORCID 0000-0002-7153-8655

Department of acoustic and multimedia electronic systems ames.kpi.ua

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" kpi.ua
Kyiv, Ukraine

Abstract—In this paper describes the technique and experimental study of the spectral characteristics of the bioelectric
activity of the brain of students while listening to musical compositions. Namely, the audio signals that were selected for
spectral characteristics by the criterion of coverage of the audible frequency band. Using the statistical analysis, the results
of the EEG processing of the experimental data are presented. The results obtained are reflected in brain activity maps by
frequency and range for brain rhythms, including alpha, beta, and theta rhythms.

This paper describes the technique and experimental study of the spectral characteristics of the bioelectric activity of
students' brains while listening to musical compositions. Music is an important model system for studying rhythmic com-
munication because its rhythmic structure is well understood. In recent years, methods of computer processing of EEG
data have become widely available. However, in clinical practice the traditional visual analysis of the obtained data domi-
nates due to the lack of elaboration of norm and pathology criteria regarding the spectral characteristics of PEA. The
bioelectric activity of the students' brain while listening to audio signals was studied, namely a music composition where a
minute of silence was presented after each fragment. The audio signals were selected on the basis of spectral analysis after
setting the characteristic frequencies with the highest amplitude to the entire spectrum, frequencies for each of the compo-
sitions, and divide the compositions into three groups of frequencies: low-frequency, mid-frequency and high-frequency.
The method of experiment is to conduct studies of the stimulation of the central nervous system of the person by different
audio signals.

For the study were selected on a public basis in accordance with the rules of bioethics, which are regulated by interna-
tional documents, 9 volunteers — students. With the use of silver cup electrodes, located in 16 standard leads, the localiza-
tion of which was determined in accordance with the international system "10-20". Separate ear electrodes were used as
reference. EEG recording was performed in the bandwidth from 3 to 30 Hz. An analysis of changes in the rhythm parame-
ters and localization of the melody sites that most effectively influence the activity of the human brain were carried out.
Based on the results obtained, the theta rhythm projected its activity into the post-central cortical regions, the beta rhythm
projected activity on symmetrical occipital leads and alpha rhythms in the anterior regions.

Keywords — electroencephalogram; spectral analysis; musical composition.
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