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Llenpro uccrnenoBaHUs SABISUICS aHANM3 CBA3AaHHBIX C COOBITHSAMH CHEKTpaibHBIX mepTypbamuii D00 y
HOPMOTHIINYHBIX AETeH U AeTed ¢ paccTpoiicTBamu ayTucTHueckoro cnekrpa (PAC) nomkonbHOro Bo3pacTa
IIpy HAOMIOAEHUHN 32 MHUMBIM ACHCTBHEM, PeabHBIM JIEHCTBUEM U TOBTOPEHHUH JEHCTBUS. Y CTaHOBIICHO, YTO
Ha0JII0IeHNe 32 MHUMBIM H PeabHBIM AeHCTBHEM HE TOIBKO y HOPMOTHIIMYHBIX JA€Tel, HO M Y HCIIBITYEMBIX C
PAC compoBoxaaercst fecHHXpoHH3aueil Mio- U Oera-purMoB OOI' B IeHTpaNbHBIX OTBelNeHUSIX. boiee
Toro, y gereit ¢ PAC mpu HabmroneHuM 3a JEHCTBUSIMUM M TPH UX BOCIPOM3BENEHHUH B psAAE CIydacB
HaOmonaroTess 6osee BhIpaKeHHBIE (Da3HbIe peakUUHM B YAaCTOTHBIX AMANa3oHaX TeTa-, MIO- U OeTa-pUTMOB.
[TomydeHHble pe3ysbTaTbl MHTEPHPETUPYIOTCS Ha OCHOBE NPEINCTaBICHUH o marrepHax ODI-peakumii xax
UHAUKATOpax (YHKIHOHUPOBAHMS LEHTPAIBHBIX MEXaHU3MOB COLMAIBHOIO IMOBEICHHS HOPMOTHUIIMYHBIX
nerelt u gereit ¢ PAC.

Knrouesvie cnosa: 901, Mo-pUTM, TETa-pUTM, IETH, pACCTPOIICTBA ayTUCTUYECKOTO CIIEKTPA.

BBEJIEHUE

PaccrpoiictBa aytuctuueckoro cmnekrpa (PAC) Bxomar B uucio Hauboliee
pacnpocTpaHeHHbIX HapylieHuid passutus [1]. [ns PAC xapakrtepeH aeduiur
COIIMAIIBHOTO B3aUMOJCHCTBUSI, OJHOW W3 MPUUYMH KOTOPOTO SIBJISICTCS CHUDKEHHAs
CIOCOOHOCTh K 3allyCKy M TOJJICPKaHUI0 TPOM3BOJIBHOTO BHHMAHHUA [2], a Takke
COBMECTHOTO BHHMAaHHUS TIpH B3aUMOJCHCTBMHM C OKpyxarommumu [3]. B xome
Helipodusnonornueckux uccienoBanuii y gereii ¢ PAC BBIABICH psija ITOKa3aTeleH,
OTJIMYHBIX OT IOKa3aTejell TUIUYHO pa3BHBAIOIIMXCS JaeTed. B wacTtHocTH, y nmereit c
ayTU3MOM BBISBIICHBI HApYIICHUS CHHANTHYECKON OpTaHM3allid MO3ra, YCTaHOBJICHBI
KOppeNAluy JSTHX HApYIICHHH C TMOKa3aTelsIMH KOTHUTHBHBIX, SMOLMOHAIBHBIX U
MOBEJICHYECKUX TECTOB, XapakTepuctukamu I2I (cM. 0030p [4]). AHamu3 ocoOeHHOCTEH
nmaTTepHa OMOMOTEHITMANIOB TOJOBHOTO Mo3ra y neteit ¢ PAC uMmeer BaxkHOE 3HAYCHHE,
T.K. OIHMUM M3 CHOCOOOB KOPPEKIUH pa3BUTHSA TaKWX JI€TEH SBIAIOTCS CEaHCHI
Ouosorudeckoit oopatHoi cBszu o III [5].

VY TUNWYHO pa3BUBAIOIIUXCS ACTEH HOIIKOJIBHOTO BO3pacTa B MPOLECCE COLMATLHOTO
B3aMMO/ICHCTBHUS YBEIMYUBAETCSI MOIIHOCTh TETAa-PUTMa, B TO BpeMs KaKk MOIIHOCTh MIO-
putMa (pa3HOBUIHOCTH allb(pa-aKTUBHOCTH) CHIDKaercs [6]. HamMu ObutM BBISBICHBI
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0COOCHHOCTH peakTuBHOCTH O3OI° B HWHAWMBUAYAILHO OIPEACICHHOM YacTOTHOM
nuamna3oHe Mio-putMa y gered ¢ PAC pomkoinsHOro Bo3pacta B CHUTYAIHsX,
MIPEIOJIAT AFOTIUX MIPOSIBIICHUC WHCTPYMEHTAIBHOTO, SMOLHOHATILHOTO u
ANbTPYHCTHUECKOTO MoMoraromero noseaeHus [7]. OueHka HHIEKCOB PEAKTUBHOCTH MIO-
pUTMa TIOKa3ajia, YTO MPH BBHIMOJHEHWH 33aJaHUS HA KOMIUIEKCHOE albTPYHCTHYECKOE U
SMOLMOHAIFHOE TOMOTaIlee IMOBEJCHHE 3TOT I0Ka3aTelb CTATUCTHMYECKH 3HAYMMO
Hmwke y gereit ¢ PAC. [lpeamonaraercs, yTto oOHapy>K€HHbIE OCOOCHHOCTH SBIISIOTCS
CJICICTBHEM HApYIICHHs (PYHKITMOHMPOBAHUS T.H. 3€pKaabHOM cuctembl Mo3ra (3CM), a
TaKke HUCXosAme W perymsanud K 3CM co cTOpOHBI TPePpPOHTATHHOW KOPHI U APYTHX
obnacreli HeokopTekca [8].

OpnHako, corjacHO M3BECTHOM THIIOTE3E «pa3zdouToro 3epkana» [9], 3CM y moaei ¢
PAC HesdpdextuBHO (OYHKIHOHHUPYET, NPEXKIEC BCEro, TMPH  BOCHPUATHH U
BOCIIPOM3BEICHUM ACWCTBHI APYroro yeinoBeka. B cBs3M c 3TUM, 0OCOOBI MHTEpec
MpeJICTaBIsIeT 0cOOeHHOCTH AuHaMUKH puTMOB DI neteit ¢ PAC B TeX cOIMATbHBIX WU
WUTPOBBIX CHUTYAIMSIX, KOTOPHIE BKIIOYAIOT HAONIOACHUE 33 NEHCTBUSIMH OKPYXAIOMIUX U
WX UMHUTAIMIO. B Haiell 1abopaTopuu YCTaHOBJICHO, YTO NP HAOIOICHUH 32 MHUMBIM U
peaNbHBIM JIEHCTBHUEM B3POCIIOTO DKCHEPUMEHTATOpa, a TaKKe IPH BBIMTOJHCHUH
peOCHKOM CaMOCTOSITCILHOTO JIEHCTBHS B WIPOBOM CHUTyanud Mio-put™ JI0I y
HOPMOTHUITMYHBIX JIeTel B BO3pacTe OT MOJyTOopa A0 TPeX C IMOJIOBHHOW JIET 3HAYNMO
CHIDKAETCsl, MPUUEM 3TO CHIDKEHHE ObUIO 00Jiee BBIPAKEHO y JIETel C JIy4YIIUM pa3BUTHEM
pertentuBHOM peun [10]. OgamM w©3 crmoco0oB wmWcchenoBaHus guHaMukun OO B
pa3IMYHBIX TIOBEIEHYECKUX CHUTYaIlUsX SBIAETCS YacTOTHO-BPEMEHHOW aHajn3, B
YaCTHOCTH, aHAJIN3 CBSI3aHHBIX C COOBITUSIMHU cHeKTpaibHbIX nepTypOanuii (CCCII, event-
related spectral perturbation). Taxoli aHamu3 TNO3BOJSET C BBICOKUM BpPEMEHHBIM
paspemieHHeM  BBISIBUTh W3MEHEHHS DIIEKTPUYECKOH aKTHBHOCTH  HEOKOpPTEKCa,
COIPOBOX/IAIONIUE BOCIPHUATHE PA3IUYHBIX COOBITUH WIIM JCUCTBUH OKPYKAIOIIUX,
COOCTBEHHOE BBITIOJHEHUE TEX WIIM UHBIX NOBEACHYECKUX akToB. OIHAKO, HACKOIBKO HaM
W3BECTHO, OIEHKa AWHaMWUKH pUTMOB OOI ¢ NpUMEHEHHeM YacTOTHO-BPEMEHHOTO
aHaJIM3a TpY HAONIONEHUH 3a JCWCTBUSMH B3pPOCIOTO AKCIEPUMEHTATOpa, a TaKKe MPHU
BBIMIOJTHEHUN PEOCHKOM CaMOCTOSTEIBHOTO JEHCTBUS y HCIBITYEMBIX JOIIKOJIBEHOTO
BO3pacTa paHee He MPOBOINIIACE.

B cBs3u ¢ atum, menpio uccienoBanus sBuicsa aHamm3 CCCII y mereit ¢ PAC u
HOPMOTHUITMYHBIX JIETCH JOIIKOJIBHOTO BO3pacTa TpU HAOMIOJCHUH 32 MHHMBIM
JICHCTBUEM, PeaIbHBIM JICHCTBUEM U TOBTOPCHUU JICUCTBUSL.

MATEPHAJIBI U METO/IbI

OcHoBHas TpyIina UCIBITYEeMBIX ObliIa pecTaBieHa 21 peGEHKoM B Bo3pacte 4—7 JieT
(14 manpuukoB u 7 AeBoueK, cpemHuil Bo3pacT — 71,7 + 13,3 mecsleB) ¢ AMArHO30M
«merckuii aytusm» (F84.0 mo MKbB-10) uimu «paccTpoiicTBa ayTHCTHUECKOTO CIIEKTpa C
HapyIIeHHEM WHTEIUIEKTYAIBHOTO PAa3BUTHS M C HAPYIICHUSIMA (PYHKIIMOHAIBEHOTO SI3BIKA»
(6A02.3 mo MKB-11). B KOHTpOJBHYIO TpyNNly TUOUYHO Pa3BUBAIOLIMXCS NETed ObLIN
BKJTFOUCHBI 33 peOEHKa TOH e BO3pacTHOM rpymmsl (M3 HUX 18 MampuuKkoB U 15 meBouek,
cpemnmii Bo3pact — 71,3 £ 13,9 mMecsiies).
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[MpoBoauIIM perucTpanuio AIEKTPOIHIEPATOrPaMMBI B TPEX IKCIEPUMEHTATBLHBIX
CUTYaIusIX:

1. «HabnropeHne MHUMOTO IEHCTBUS» — PEOCHOK HAOIIIOIACT, KaK SKCIIEPUMEHTATOP
MPOBOJUT PYKOMU MO YCTAHOBJICHHOM HA CTOJIE TOpKE (TpU MOBTOpeHud 1o 5 ¢). Cunuraercs,
9TO peOCHOK HE BUANT B TOM NICHCTBUH PEATHHOMN IIEITH.

2. «Habnromenne  peampHOrO  NEHCTBUS» —  peOeHOK  HAOmMIOgaer,  Kak
SKCIICPUMEHTATOP CTAJIKUBACT C TOPKH HIPYIICYHYIO MAIIUHKY (TPY MMOBTOPSHHS 110 5 C).

3. «BrImoHeHHE NEUCTBHSI» — DKCIICPUMEHTATOP CTABUT TOPKY C MAITUHKOW Iepen
pebeHKOM, B peOCHOK caM €€ CTAIKHUBAET (TpH MMOBTOPEHUS 110 5 C).

Ilepen mepBoii W BTOPOW SKCICPUMEHTAIBHBIMH CHUTYalMsSIMH JICTAM JaBajiach
UHCTPYKIMs: «CMOTpH BHUMATENBHO, 4TO 5 OyAy nenats!». Ilepen Tperseit roBopmmm: «A
Tereps chenail kak s!». Ha mpoTsbkeHMM BCeX OKCICPUMEHTANBHBIX — CHUTYaIlHid
JKCIICPUMEHTATOP HAIPABISI CBOM B30p HAa KUCTh COOCTBEHHOW IBIKYIIEWCS DPYKU H
MPEIMETHI, KOTOPBIMY MaHUITYJIHPOBAIL.

B pamkax HacTosImero McclieZlOBaHWS MPOBOAWIN aHAIHM3 XapakTepucTuk O B
cinenyromux otBenenusix: C3, Cz, C4. YkazaHHbIe PETHOHBI BHIOpaHBI Kak 00JacTu
WHTEpEeca Ha OCHOBAaHUM JAaHHBIX JUTEPATYPHI O IEIECO00PA3HOCTH aHAIIM3a MIO-pUTMA Y
nmereii. Bo Bpems 3ammcm DOOI Bemach aymmo- M Buumeopeructparusa. 3amuch OO0 u
BUJICO3ANNCh OKCIEPUMEHTANBHBIX CHUTYallii OBUTM CHHXPOHU3WPOBAHBL. 3alnch C
OOJBIIMM KOJIMYECTBOM apTe(akToB, a TaKKe MPOOBI, B KOTOPBIX BUICO3AMUCH MOKa3alia
OTCYTCTBHE CTOWKOTO BHUMaHHA peOeHKa K CUTYaIliH, ObUIH NCKIIFOYEHBI U3 aHAIN3A.

Anamm3upoBanu  ¢parmMeHThl O3l  IMTENBHOCTBIO 1O S5 ¢ B Tpex
SKCIICPUMEHTANBHBIX CUTyalusax: 2,5 ¢ 10 u 2,5 ¢ mociie MOMEHTa MPUKOCHOBEHUS PYKH
JKCIICPUMEHTATOpPa K TOpKE WIM K MallMHKEe, a TaKXe MPUKOCHOBCHHS peOcHKa K
MarmuHKe. YacTOTHO-BpEeMEHHOE pa3joeHnue curHaia mpom3Boamwin B makete EEGLAB
toolbox (http://www.sccn.ucsd.edu/eeglab/) ¢ momomnrsio BeiiBnera Morlet. Jlns oueHku
U3MEHEHHUH crieKTpaabHOM MOImHOCTH D3I B yKa3aHHBIX CUTyalUsIX C MOMOIIBIO TOTO K€
MaKkeTa PacCUYWTHIBAIN CBS3aHHBIE C CoObITHEM crnekTpanbHble neptrypbamuu (CCCII,
event-related spectral perturbation). CCCII moka3pIBalOT H3MEHEHHS CHEKTPaIbHOU
MotrHocTH D3I B TECTOBOM Y4acTKe 10 CPaBHEHHIO C ypoBHeM (oHa. B kauecTse hoHa B
YKa3aHHBIX JKCIICPUMEHTAIBHBIX CHTYAIMSX HCIOJIB30BAIM BPEMECHHOW WMHTEPBAI OT 2,5
mo 2,0 ¢ 1o MOMEHTa MPUKOCHOBEHHSI K MaIllMHKE WM TOpKe, a B Ka4eCTBE TECTOBOTO
yuactka — nocneaytomue 4,5 ¢ (2,0 ¢ 1o npukocHoBeHHs H 2,5 ¢ mocie). [Ipu obpaboTke
JIAHHBIX TIOJIyYadd HW300paKeHUs, OTpaxkaroliue B AenuOenax JorapudM OTHOIICHHS
TecTOBOH K (oHOBOI MomHOoCcTH D3I, Mcxons n3 pabot apyrux aBTOpoB [6], B KauecTBe
TeTa- ¥ MIO-aKTUBHOCTH paccMmarpuBaiu DI B acTOTHRIX nuamnasoHax 4,0-7,6; 8,4-10,4
I'u, coorBeTcTBeHHO. B KavyecTBe OeTa-akTHBHOCTU paccMarpuBain DII° ¢ yactoroif ot 12
mo 25 I'm.

IIpu ouenke pazauunii CCCII oOciaemoBaHHBIX TpyHN A€Ted IS YMCHBIICHUS
UCKaXCHMI,  CBS3aHHBIX C  MHOXXECTBCHHBIMH  CPaBHCHHSMH,  HCIOIH30BAIH
nepMyTanuoHHyto cratuctuky nakera EEGLAB (n =2000), cTaTUCTHYECKH 3HAUMMBIMU
cunrtany pazmmuus mpu p < 0,01.

OcTanbHbIe TOIPOOHOCTH METOIUKH OomucaHbl panee [10].

206



OCOBEHHOCTU CBA3AHHbIX C COBbITUAMU CMNEKTPAJIbHbIX ...

PE3YJIBTATBI 1 OBCYXKIEHUE

B pesynbraTe mpoBeneHus HMccleAOBaHUS M aHaim3a naHHBIX OOl B mporpamme
EEGLAB 6pumn nosyuens! rpaduxku CCCIL. Ha puc. 1 npeacrasnenst CCCII y Tunuaso
pa3BUBAIOIINXCS AeTe W y4acTHUKOB Hccienoanus ¢ PAC B curyanun HaOMIOACHUS 3a
MHUMEIM neiicTBueM. B atom m mocnenyrommux ciydasx rpaduku CCCII ycpeaHeHs! mo
TpeM peaju3alusM W 10 BCEM HCIBITYeMBIM JaHHBIX Tpynn. Kaxapii rpaduk
COOTBETCTBYET BPEMEHHOMY IPOMEXYTKY OT -2 70 2 C OT MOMEHTa NPUKOCHOBEHMS K
MarmuHKe (10 TOPHM3OHTAIM) W JUana3oHy dYacTtor OoT 3 mo 25 I (mo BepTHKaIM).
BeprukanpHas TUHHS — MOMEHT IPUKOCHOBEHHS IKCIEpUMEHTAaTopa K Marmnake. CHHUM
[IBETOM OTMEUEHBl y4YacTKH TI'padUKOB C JECHHXPOHHM3AIMel (CHIKEHHEM MOIIHOCTH)
putMOB D3I, KpaCHBIM IBETOM — HHTEPBAJIBI CHHXPOHHU3AIMH (ITOBBIIIIEHU MOILITHOCTH). B
[EHTPATbHON YacTH PHCYHKa pa3MellleHa IIKana, OTpakaromas Jiorapu(pM OTHOIICHHUS
MOIITHOCTEH PUTMUYECKUX Tuana3oHoB (GoHoBoit DI (BpemMeHHOW WHTEpBaI OT -2,5 10
-2,0 ¢, Ha pUCYHKE HE TMOKa3aH, TaK Kak ObUT MpUHAT 3a (GoHOBEIN) 1 DD mocnexyromux
BpeMeHHbIX MHTepBajioB (1b). Ha ¢parmMenTax cmpaBa KpacHbIM LIBETOM OO0OO3HAYCHBI
3HAYUMBIC PA3ITUUHSL.

Kak BuaHo w3 pucyHKa, CHTyauusi HaONIOJCHUS 32 MHHUMBIM JEHCTBUEM
COMpOBOXKJAAJach y JE€Te KOHTPOJBHON TpyHIbl OTHOCHTENBHO MPOJOJIKUTEIBHON
JIECUHXPOHU3AIMEH TeTa-, MIO- B OeTta-puT™MoB, a y aetedl ¢ PAC — kpaTkocpodHOi
JECHHXpOHHU3AIMEHd MIO- U 0eTa-puTMOB U POcTOM MoInHocTH D3I B Auama3oHe TeTa-
(otBenennsa C3 u C4), a TakKe OTCPOUEHHBIM ycuieHueMm Oera-putma (orBenenue Cz).
MexXrpynmnoBble  pa3iudusi JOCTUTAHd 3HAYUMOCTH B TEPUON JBWKEHHS pPYKH
JKCTIIEPUMEHTATOpa K TOpKe (BO BpeMEHHOM wHHTepBaie oT -1,2 mo -1 ¢) um mocie
MIPUKOCHOBEHMS PYKH SKCIIEpUMEHTAaTOpa K IycToil ropke (B uarepsaie 0,3-0,9 c).

IIpu HaOMIOACHNM 3a peabHBIM JICHCTBHEM JKCIIEPUMEHTATOpa IPUMEPHO 3a 1 ¢ 110
MPUKOCHOBEHWS K MAIIWHKE y JeTell KOHTPOJBHOW Tpymmbl  HaONromaeTcs
JecuHxpoHuzanusa OO0 B [uamna3oHe MIO-pUTMa, 3aBEPLIAIOIIAACS €T0 CHHXPOHHU3AIUEHN B
TO BpeMsl, KOTJa 3KCICPUMEHTATOp MOJNTAJKWBA WIPYIIKY M OHa Che3kKajda C TOPKH
(puc. 2). BBISIBICH pOCT OCHIUIIAINEN TeTa-pUTMa B TOT TIEPHOJI, KOTIa MAaIlIMHKAa KaTHJIACh
¢ ropku (BpemeHHoi nntepsain 0,5-2,0 c).

VY nmereit ¢ PAC Take HaOmromaercs AECHHXPOHM3ALUS MIO-PUTMa, MpPUYEM B
orBezichnu C4 B mepuo]l NBWKEHUS PYKH K WIPYIIKE OHa HOCHT Ooliee BBIPAYKCHHBIN
XapakTep, YeM y JeTell KOHTpoibHOW rpymmbl. Kpome Toro, B otBemenmn C3 'y
UCTIBITYEMbIX AaHHOW TPYNNbl HaOMIogaeTcsl ASCHHXpOHM3alus OeTa-puTMa (AMama3oH
15-25 T'm) B mepuom CKAaThIBaHWS MAITUHKA C TOPKH. 3HAYMMBIC OTIHYHS MEXKITY
peaxIusIMH IeTeil IByX TPYIIl BBISBIAIOTCS U B YaCTOTHOM JHAra3oHE TeTa-pUTMa depes
0,5-1,5 ¢ mocne NMpUKOCHOBEHMSI SKCIEpUMEHTaTopa K urpyumke. Tak y nereit ¢ PAC B
3TOT BPEMEHHOM MEPHOJA MOIIHOCTh TETA-PUTMA CTATHCTUYECKH 3HAUMMO BBIIIE YEM Y
KOHTPOJILHOM rpymiisl B otBenennu Cz, HO HIbKe B oTBeaeHUX C3 u C4.
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Puc. 1. Ilarrepusr O3I'-peakumit B otBemeHmsx C3, C4, Cz y TUNUYHO
pasBuBaromuxcs nereit (A) u y aereid ¢ PAC (b) B curyanusix HaOIIOIeHUS 32 MHUMBIM
JIEUCTBUEM HKCIIEPUMEHTATOpa, a TAKXKe CTAaTUCTHYECKas 3HAYMMOCTb MEXKTPYIIOBBIX
pasmmunii ipu p < 0,01 (B).

Cutyanys BBIIIOJHEHUS! COOCTBEHHOTO ACUCTBHSA CONPOBOXKIANACH y AETEH TpYIIbI
HOPMBI JECUHXPOHM3AaLUEH TeTa- U MIO-PUTMOB, pa3BHUBaroLIelcs mpumepHo 3a 1 ¢ 1o
MOMEHTa KacaHHWi WIPYIIKH W CMeHsomeics cuHxponmsanmen depe3 0,3-1,0 ¢ ot
MoMeHTa mpukocHoBeHus (puc. 3). Y gereit ¢ PAC npuxoCHOBEHHE K MaIllMHKE U
CKaTBIBaHHE €€ BBI3BIBAIO pocT MomHocTH DOI° B quamna3zoHax tera-, MIo- 1 OeTa-pUTMOB.
CpaBuenne marrepHa CCCII cBumeTenbCTByeT O 3HAYMTEIBHO  IOBBIIIEHHON
peaktuBHOCTH D3OI mcnbiTyeMbix ¢ PAC B maHHOW SKCIIEPHUMEHTANBHON CHUTyalHd, IO
CPAaBHEHHUIO C KOHTPOJIBHOMN TPYIION.
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Puc. 2. [lattepn 33T -peakuuit B orBenenusix C3, C4, Cz y HOpMOTUNIUYHBIX feTei (A)
u nerei ¢ PAC (B) B cutyanusix HaOMIOICHUS 32 peallbHBIM JICHCTBUEM SKCIIEPHUMEHTATOpA,
a TaKk)Ke CTATUCTHYECKas 3HAUMMOCTh MEXTPYMIOBBIX pasznmauii (B) mpu p < 0.01

Taxkum 00pa3oM, B CHTyalMsIX HAOIIOJCHUS 32 MHUMBIM U peajibHbIM JCHCTBUEM KaK y
JleTell TPyIIBl HOPMBI, Tak U y Aeteit ¢ PAC Habmoganuch peakuy JeCHHXPOHU3ANH MIO-
1 0eTa-pUTMOB B IICHTPAIILHBIX OTBEJACHUSAX (CM. puc. 1 U 2), 4TO KaK NpUHATO cuuTath [11],
oTpaxkaeT mpeanonaraeMyro aktuBaipro 3CM. B curyanuu HaONrONEHUS 3a pealbHBIM
JEeWCTBUEM JECHHXPOHU3ALMS YKa3aHHbIX pUTMOB y neteil ¢ PAC Oblia BeIpaXkeHa 3HAYMMO
Oouiblle, ueM y AeTei rpymnsl cpaBHeHHsA. Kak yxe oTMedanoch, paHee HaMU YCTaHOBJIEHO,
yto y aereil ¢ PAC B cuTyanusax, Npeanonaraionmx IposiBICHHE TIOMOTal0IIEro MOBEIEHHS,
PEaKTUBHOCTH B JWAna3oHE MIO-pUTMa Obuia moHmwkeHa [7]. OTcyTCTBHE OETPecCHd MIO-
purma y gnereil ¢ PAC B ycnoBusxX 3ajaud Ha peajM3alUi0 albTPyHCTHYECKOTO U
SMOIMOHAILHOTO IOMOTAIOIIEr0 MOBeIeHUs ObUIa pacleHeHa KaK CBHICTENILCTBO MEHBILECH
creneHn akTuBauu 3CM B CHOXXKHOW colManbHOW cuTyaruu. OIHAKO pe3ynbTaThl
HACTOSIIIETO MCCIIEOBAHMS TTOKA3bIBAIOT — €CIIM peOCHOK BKIIIOUCH B IPOIECC HECIOKHOTO
UTPOBOTO B3aMMOJEHCTBHSA, OJHUM M3 OOBEKTOB KOTOPOTO SIBISCTCS IPHBIEKATEIbHAS
urpymka, aeti ¢ PAC neMOHCTpUpPYIOT BBIp@KEHHYIO AMHaMHMKYy OOI-ocruianuili B
YaCTOTHBIX JIMalla30HaX MIO- M OeTa-puTMoB. TakuM 00pa3zoM, IeHTpaibHbIe 3BeHbs1 3CM y
TaKHUX JETEH B OTHOCUTENBHO MPOCTIX CUTYALUSIX JOCTaTOYHO aKTUBHBI.
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Puc. 3. Ilatrepn O31-peaxmuii B orBenenmsx C3, C4, Cz y HOpPMOTUIIMYHBIX AeTel
(A) u nereii ¢ PAC (B) B curyanusx cOOCTBEHHOTO BBIMOJIHEHHS JIEHCTBHUS, a TaKXkKe
CTaTHCTUYECKas 3HAUMMOCTh MEXTPYNNOBbIX pasnnuauid (B) mpu p < 0.01

B 1pex skcrnepuMeHTaIbHBIX CUTYyallUsAX HAIIEro UCCIIE0BAaHUs Y JeTell 00eux Irpymi
HaOMIOaINCh BBIPAKCHHBIE (Da3HBIE pPEaKUUMM B [Uana3oHe TeTa-aKTHBHOCTH. Poct
MOITHOCTH OCUMJUISIUI TeTa-putMa DO CBA3BIBAIOT y JETEH MOIIKOIBLHOTO BO3pPAacTa C
IpoLecCCaMH 3MOIMOHAIBHON AaKTHBAIMH, KOHLCHTPAIIMH BHUMaHHSA, (POPMHUPOBAHUEM H
aKTyanuszauuen namsTHoro ciena [6, 12, 13]. aTepecHO OTMETHTH, YTO MPU HAOIIOICHUN
3a MHUMBIM JieiicTBreM y neteit ¢ PAC BBIsSBICHBI 00Jiee MOIIHBIC, YeM Y HOPMOTUITUYHBIX
WCTIBITYEMbIX, BCHBINIKK TeTa-putMa (cM. puc. 1). B omgHoM u3 wuccrnemoBanuii [14]
MIOKAa3aHO, YTO IPU HEOKUIAHHOM (HECOOTBETCTBYIOILEM 3aBEPILICHUM UIPbI) ACUCTBUU Y
JeTell MOoJyTopa JIeT Ppe3KO YBENIWYHMBAETCS MOIIHOCTh TETa-pUTMa, YTO TPHBEIO K
MPENONOKEHNI0O 00 Y4YacTHM PHTMHUYECKOW aKTHBHOCTM MO3ra TeTa-Iuama3oHa B
o0paboTke ommOOK y ManeHpkux naeredl. M3BectHo, uto netm ¢ PAC CKJIOHHBI K
CTCPEOTHITHOMY TIOBEJICHHI0O W KpaiHEe YyBCTBHUTENIbHBI K HApYLICHWUIO NPHUBBIYHOTO
nopsiaika AeHcTBUHA. MOXKHO TPEAINOJIOKUTh, YTO NMPH HAOMIOJEHUH 32 HEOJHO3HAYHOM
CUTyaIeil, B KOTOpOW HE BUAHO peallbHOW IIeNH, yYacTHHKH HcciemoBaHus ¢ PAC
BHYTPEHHE pearupyror 0oJjiee akTUBHO, YeM TUIIMYHO pa3BUBAIOIIUECS JETU.

B curtyanuu coOCTBEHHOTO BBITIOJIHEHUS AericTBUS Y Aetel ¢ PAC Taxke oTMeuanach
HOBBIIIEHHAS, IO CPABHEHUIO C KOHTPOJBHOW TPYNIOH, CHHXPOHH3ALMS MIO-, OeTa- H,
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0CO0EHHO, TeTa-pUTMOB (cM. puc. 3). MI3BeCcTHO, 9TO Y MAJICHBKUX JIETeH MOITHOCThH TETa-
KoJIe0aHW B YCIOBHAX JIAOOPATOPHOTO AKCHEPUMEHTa BBIIIE, YeM Y B3POCIHBIX, HYTO
OOBACHSIOT OONbBIICH WHTCHCUBHOCTBIO adQekTHUBHBIX cocTosHui. Kpome Toro, y
peOcHKa MEHbINAs CTEICHh aBTOMATHU3allUM TIOBEJCHHUS M OH 3aJCUCTBYIOT OOJIBIIE
pecypcoB Mo3ra IS PETyJIHpOBaHHUS TOBEACHHUS, YeM B3pociublii [6]. HMcxoms wu3
MoIOOHOW WMHTEpIpETallMK TETa-OCHMJUIAIUNA, MBI CUMTAaeM, YTO WIpOBas CHUTyallus,
BKJIIOYAIOIIAs] MAHUIYJISIIIUK C MPUBIEKATEIBHON WUIPYIIKOM, TPUBOIUT K MOBBLIIICHHON
aktTmBHOCTH Mo3ra gnered ¢ PAC, dps mHeHTpanbHAas HEpPBHAs CHCTEMa SIBIISCTCS
OTHOCHUTENFHO MEHEE 3Peoi, YeM Y THUITUYHO Pa3BUBAIOIINXCS CBEPCTHHKOB.

3AKIIOYEHHUE

Pe3ynpraThl HACTOAIIETO HMCCIENOBAHUS IMOKA3ajH, YTO HAONIOJEHWE 32 MHUMBIM U
pealbHBIM JIEHCTBHEM HE TOJBKO Y HOPMOTHUITMYHBIX JETeH, HO M y HcHbITyeMbIXx ¢ PAC
COIIPOBOKAAETCA JECHHXPOHHU3AIMEH MIO- U OETa-pUTMOB B LEHTPAJIbHBIX OTBEICHHUSX.
Ms1 cunTtaem, uyTo HEeHTpaidbHbIE 3BEHbS 3CM y neteit ¢ PAC B OTHOCHTENBHO MPOCTHIX
COLMANTLHBIX CHTYaIUsIX (QYHKIIMOHUPYIOT OTHOCUTENHHO ajekBaTtHO. bosee Toro, y merei
¢ PAC mpu nabmiomeHu#M 3a JCHCTBUSIMH M HMX BOCHPOHM3BEIECHHHM B PAAEC CIy4acB
HaOronatoTest Oonee BeIpaKeHHBIE (Da3HBIC PEaKUKU B YACTOTHBIX AMANa30HaX TETa-, MIO-
u O6era-putmoB D3I, JlaHHbIN (AaKT MBI CBA3BIBAEM C IOBBIIICHHOW YyBCTBUTEIBHOCTHIO
nmereit ¢ PAC k pa3HOro poja cTUMysaM, HapyImIEHWIO TMPUBBIYHOTO TOPSAKA JICHCTBUM,
HEOHO3HAYHBIM, CIIOKHBIM JIJIsl IOHUMAaHUs peOeHKa CUTYALHSIM.

KonndecTBo y4acTHUKOB JaHHOTO HCCIIEAOBaHMSA OBIJIO OTHOCHUTENHHO HEOOIBIINM, a
KaXKIast SKCIIEpUMEHTAIbHAS CUTyalus pu paboTe ¢ OTACNbHBIM PEOEHKOM MOBTOPSIIACH
BCETO TPH pas3a, YTO SIBJSIETCS M3BECTHBIM OrpaHUYEHHMEM AaHHOW paboTsl. [loaTomy K
MHTEPIIPETALUU PE3yNbTaTOB CIEAYET MOAXOAUTH C HEKOTOPOH OCTOPOKHOCTBIO. TeM He
MeHee, pe3yNabTaThl HACTOSIIETO HCCIENOBAHUA MOTYT OBITH IIOJIE3HBI MJISl OLEHKH
Heripodusnonornueckux ocobenHocte nereit ¢ PAC m pa3paboTke HOBBIX METOJIOB
KOPPEKIIUU UX Pa3BUTHSL.

Hccneoosanue svinonneno 3a cuem epanma Poccuiicko2o nayunozo ¢gonoa Ne 22-28-
00720, https://rscf.ru/project/22-28-00720/ ¢ ucnonvzosanuem obopyoosanus LKII
“Okcnepumenmanvras uzuonozusi u ouogusuxa’.
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PECULIARITIES OF EVENT-RELATED SPECTRAL EEG PERTURBATIONS
IN CHILDREN WITH AUTISM SPECTRUM DISORDER WHEN OBSERVING

AND IMITATING MOVEMENTS

Portugalskaya A. A., Shepitko L. S., Klinkov V. N., Kaida A. L., Orechova L. S.,
Mikhailova A. A., Pavlenko V. B.

V.I. Vernadsky Crimean Federal University, Simferopol, Crimea, Russia
E-mail: vpav55@gmail.com

Autism spectrum disorders (ASD) are among the most common developmental

disorders. It is assumed that one of the causes of ASD is a violation of the functioning of
the so-called mirror system of the brain. The activity of this system is reflected in the
power of mu- and beta-rhythms of the EEG. Of particular interest is the analysis of the
dynamics of EEG rhythms of children with ASD in those social or gaming situations that
involve observing the actions of others and imitating them. One of the ways to study the
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dynamics of the EEG is time-frequency analysis, in particular, the analysis of event-related
spectral perturbations (ERSP). Such an analysis makes it possible to detect changes in the
electrical activity of the neocortex with high temporal resolution. Those changes that
accompany the perception of various events or actions of others, their own performance of
certain behavioral acts.

However, as far as we know, the evaluation of the dynamics of EEG rhythms using time-
frequency analysis when observing the actions of an adult experimenter, as well as performing
an independent action by a child in preschool-age subjects has not been carried out before.

The aim of the study was to analyze the CSSP in normotypic children and children
with preschool-age ASD when observing an imaginary action, a real action and a repetition
of the action.

The main group of subjects was represented by 21 children aged 4-7 years (14 boys
and 7 girls, average age — 71.7 £ 13.3 months) with a diagnosis of "childhood autism" or
"autism spectrum disorders with intellectual development disorders and functional
language disorders”. The control group of typically developing children included 33
children of the same age group (including 18 boys and 15 girls, the average age was 71.3
13.9 months).

The electroencephalogram was recorded in three experimental situations:

1. "Observation of an imaginary action" — the child observes how the experimenter
runs his hand over the slide installed on the table (three repetitions of 5 seconds). It is
believed that the child does not see a real purpose in this action.

2. "Observing a real action" — the child observes how the experimenter pushes a toy
car off the slide (three repetitions of 5 seconds).

3. "Performing an action" — the experimenter puts the slide with the machine in front
of the child, and the child pushes it himself (three repetitions of 5 seconds).

It was found that the observation of imaginary and real action not only in normotypic
children, but also in subjects with ASD is accompanied by desynchronization of mu- and
beta-rhythms of the EEG in the central locus. Moreover, in children with ASD, when
observing actions and repeating them, in some cases, more pronounced phase reactions are
observed in the frequency ranges of theta, mu and beta rhythms.

The results of this study show that if a child is involved in the process of simple game
interaction, one of the objects of which is an attractive toy, children with ASD demonstrate
pronounced dynamics of EEG oscillations in the frequency ranges of mu and beta rhythms.
Thus, the mirror system of the brain in such children is quite active in relatively simple
situations.

In three experimental situations of our study, pronounced phase reactions in the range
of theta activity were observed in children of both groups. The increase in the power of
EEG theta rhythm oscillations in preschool children is associated with the processes of
emotional activation, concentration of attention, formation and actualization of a
memorable trace. It is interesting to note that when observing the imaginary action in
children with ASD, more powerful flashes of theta rhythm were detected than in
normotypic subjects. It is known that children with ASD are prone to stereotypical
behavior and are extremely sensitive to disruption of the usual order of actions. It can be
assumed that when observing an ambiguous situation in which no real goal is visible, study
participants with ASD internally react more actively than typically developing children.

213



lMopmyezanbckas A. A., Llenumsbko J1. C., KnuHkoe B. H., Kaiida A. U., Opexoea J1. C.,
Muxatinoea A. A., lNaeneHko B. b.

In the situation of their own performance of the action, children with ASD also

showed increased synchronization of mu-, beta- and, especially, theta rhythms, compared
with the control group. It is known that in young children, the power of theta oscillations
in a laboratory experiment is higher than in adults, which is explained by the greater
intensity of affective states. In addition, a child has less automation of behavior and uses
more brain resources to regulate behavior than an adult. Based on this interpretation of
theta oscillations, we believe that a game situation involving manipulations with an
attractive toy leads to increased brain activity in children with ASD. Their central nervous
system is relatively less mature than that of typically developing peers.
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11.

12.

13.

14.
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References

Bozhkova E. D., Balandina O. V. and Konovalov A. A., Autism spectrum disorders: current state of the
problem (review), Modern technologies in medicine, 12, 111 (2020).

Stroganova T. A., Orekhova E. V. and Galyuta I. A., Neural mechanisms of attention orientation
disorders in children with autism spectrum disorders, Experimental psychology, 8, 7 (2015).

Franchini M., Armstrong V. L., Schaer M. and Smith I. M., Initiation of joint attention and related visual
attention processes in infants with autism spectrum disorder: Literature review, Child Neuropsychol, 25,
317 (2019).

Pavlenko D. V., Chuyan E. N. and Pavlenko V. B., Methods for correcting the development of children
with autism based on EEG biofeedback, Scientific Notes of V.I. Vernadsky Crimean Federal University.
Biology. Chemistry, 7, 124 (2021).

Friedrich E. V., Sivanathan A., Lim T., Suttie N., Louchart S., Pillen S. and Pineda J. A., An effective
neurofeedback intervention to improve social interactions in children with Autism Spectrum Disorder,
J Autism Dev Disord, 45, 4084 (2015).

Orekhova E. V., Stroganova T. A., Posikera I. N. and Elam M., EEG theta rhythm in infants and
preschool children, Clin Neurophysiol, 117, 1047 (2006).

Pavlenko V. B., Kaida A. I, Klinkov V. N., Mikhailova A. A., Orekhova L. S. and Portugalskaya A. A.
Features of EEG p-rhythm reactivity in children with autism spectrum disorders in situations of helping
behavior, Bulletin of the Russian State Medical University, 2, 26 (2023).

Yates L. and Hobson H., Continuing to look in the mirror: A review of neuroscientific evidence for the
broken mirror hypothesis, EP-M model and STORM model of autism spectrum conditions, Autism, 24,
1945 (2020).

Oberman L. M., Hubbard E. M., McCleery J. P., Altschuler E. L., Ramachandran V. S. and Pineda J. A.,
EEG evidence for mirror neuron dysfunction in autism spectrum disorders, Cognitive Brain Research, 24,
190 (2005).

Mikhailova A. A., Orekhova L. S., Dyagileva Yu. O., Mukhtarimova T. I. and Pavlenko V. B., Reactivity
of the EEG mu rhythm during observation and performance of actions in young children with different
levels of development of receptive speech, Zh. Vyssh. Nerv. Deiat., 70, 422 (2020).

Larionova E. V., Garakh Zh. V. and Zaitseva Yu. S., Mu rhythm in modern research: theoretical and
methodological aspects, Zh. Vyssh. Nerv. Deiat., 72, 11 (2022).

Meyer M., Endedijk H.M., van Ede F. and Hunnius S. Theta oscillations in 4-year-olds are sensitive to
task engagement and task demands, Sci Rep, 15, 6049 (2019).

Mikhailova A. A., Orekhova L. S., Dyagileva Yu. O., Tyshko A. A. and Pavlenko V. B., Reactivity of the
EEG theta rhythm in young children with different levels of helping behavior, Scientific Notes of
V. I. Vernadsky Crimean Federal University. Biology. Chemistry, 6, 117 (2020).

Conejero A., Guerra S., Abundis-Gutiérrez A. and Rueda M. R., Frontal theta activation associated with
error detection in toddlers: influence of familial socioeconomic status, Developmental Science, 21, 12494
(2016).

214



