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HccnenoBany akTHBHOCTb 3€pKalbHBIX HEHPOHOB y MYXKUHH M XKCHIIMH NPH BBHITOTHEHUU JEATEIBHOCTH,
CBSI3aHHOM C y3HaBaHHEM KOPOTKHMX MHTEPBaJOB BpeMeHU. OOHAPY>KEHBI CTATHCTUYECKH 3HAYMMBIC Pa3IIHIMs
B aKTUBAIH 3€pKAJILHBIX HEHPOHOB IIPU BHINOJHEHUH KOPPEKTHBIX M OIIMOOYHBIX AEHCTBHH, 3aBUCHMOCTH
9THX Pa3NIUYUH OT FeHAEPHBIX OCOOCHHOCTE.

Knrouesvie cnoga: 3epkanbHble HEHPOHBI, MIO-PUTM, KOPPEKTHBIE U OIIHOOYHBIE AEHCTBHSI.

BBEJIEHUE

Cunrtaercs, 4TO BOXHYH POJIb B TMpOIECcCaXx OOYYCHHUS W CONMAIBHON ajanTaiuu
YeJI0BEKa UTPAIOT 3epKABHBIC HEUPOHBI M MO3TOBOH «JIeTeKTOp omubok» [1]. OxHako, B
HACTOSIIIEE BPEMsI HESICHO, KAaK MIMEHHO PEarupyroT 3epKaJIbHbIE HEHPOHbBI HA KOPPEKTHBIE
Y OIMIUOOYHEIC JICHCTBYSI M KAKOBA POJIb IPU 3TOM Pa3HBIX THIIOB 3¢PKAIBHBIX HEHPOHOB U
WH/IMBHUTyaJTbHBIX 0COOEHHOCTEH uenoBeka?

B 3agauy HacTosIIEro MCCIEIOBAaHUS BXOAWJIO M3YyUYECHUE AKTUBHOCTH 3€PKaIbHBIX
HEHPOHOB Y MYXXYHH U KEHIIWH NPY BHITIOJHEHUN KOPPEKTHBIX M OIMIMOOYHBIX AEHCTBUH,
CBSI3aHHBIX C Y3HABAHWEM KOPOTKUX UHTEPBAJIOB BPEMEHH.

MATEPHAJIBI 1 METO/bI

B mporpamMmy uccienoBaHUE BXOAMIO TPEIBAPHUTEIBHOE O0CIEHOBAaHUE, KOTOPOE
BKITFOYAJIO COOp aHaMHE3a U M3YYCHHUE OCOOCHHOCTEH JIaTepalbHON OpraHU3allMd MO3Ta C
omnpeesieHuEM Beayllel pykd (aHKeTa AHHET) U PEUYeBOro MOJyIIapus (IUXOTHYECKUN
TECT).

B ocHOoBHOM wucclieoBaHUM, KOTOPOE MPOBOIWIOCH, KaK MPaBUIIO, HA CIETYIOIINI
JICHb, TPUHSUTA Y4acTHUE «IPABIIW» C JICBBIM «PEUEBHIM» IOIYIIAPUEM, MPAKTHUECKU
3mopoBbele oHOmHU (15 denmoBek) u nmeBymiky (15 demoBek) B Bo3pacte oT 18 mo 23 jer,
ydaniecss TOMCKHX BY30B. Bce ucmbITyeMble nanmu WH()OPMHPOBAHHOE COTJIacHME Ha
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y4acTHE B JAaHHOM HCCIIEJOBAHHH, KOTOpoe Obuto omoOpeHo Komuccueid mo O6ModTHKE
buonornueckoro nHCTUTYTa TOMCKOTO TOCYJapCTBEHHOTO YHHUBEPCUTETA.

B kxauyecTBe KOTHUTHMBHOW 3a/layll HCHBITYEMOMY IIpejajiaraiach JIesTeIbHOCTD,
CBsI3aHHAs C y3HaBaHHEM KOPOTKUX WHTEPBAIOB BPEMEHH. DTAJIOHOM CITY>KUJ CBETIIBIN
KBaJpaT co CTOpoHOH 3,5 cM, mosmisronuiicss Ha 300 MC B IEHTpe dKpaHa MOHHUTOpA.
IIpenBaputensHo (He MeHee 10 pa3) d3TanoH NPEABSBIAETCS HCHBITYEMOMY IS
3aMOMUHAHUS. 3aTEM TMPEIbSIBISICTCS COBMECTHO C JACBHAHTHBIMU CTUMYJIAMH, KOTOPBIC
OTJIMYAIOTCS OT JTajloHa B OOJBINYI0 WM MEHBITYI0 CTOpoHY Ha 150 mc. CTumyibl
MPETBSBISIIOTCS. MHOTOKpaTHO (He MeHee S50 pa3) B CIy9aHOM TIOPSIAKE C
MEXCTUMYJILHBIM UHTEpBaJIOM 5-7 c. [IpenBapurenbHbIe SKCIIEPUMEHTHI IMOKa3alH, 4TO
MpH TaKOH pa3HHUIE MEXAYy O3TaJOHOM M [I€BUAHTHBIMH CTHMYJIAMH HWCIBITYEMBbIi
JIOCTAaTOYHO YycIenmHo pasznudaeT 3tamoH (B 70-90 % cmydaeB). B cooTBercTBHU C
WHCTPYKIIMECH HWCOBITYEMBIH CPEIHMM U YKa3aTelIbHBIM TalblaMH BEIyIIEeH pyKU
HaXuMaeT Ha kiaBuiny «[IpoOem» mpu mpenbsABICHUM 3TANOHA W MPOITyCKACT CUTHABI
JIPYTON JTUTEIHHOCTH.

C nomompto  24-xkaHanmbHOTO  3nekTpodHuedanorpadpa «Huedaman—131-03»
peructpupoBanu I3I" B mooueix (F3, F4, Fz, F7, F8), nenrpansueix (C3, C4, Cz),
Bucounbix (T3, T4, TS, T6), temennnix (P3, P4, Pz) u 3atsutounsix (01,02) oTBeneHusIx
o cucreme «10-20 %». B xauecTBe pethepeHTHBIX 3JICKTPOIOB UCIOJIb30BAIA OTBEICHUS
Al u A2.

IIpu o6padoTke IDI -TaHHBIX HCIIOIL30BAJICS PACUCTHBIA METOJT SJIEKTPOMArHUTHOMN
tomorpadpun Huzkoro paspemrenus (LORETA) [2, 3], MNOACYUTHIBAIKMCH OLICHKU
CIIEKTPAJTLHOW MOITHOCTH MIO-PHUTMa Ha KOPOTKHX (2 C), JUIIECHHBIX apTe]akTos,
oTpeskax 3anucu IO 3a 2 ¢ go ctumyna (3tan «DoH»), OpU BEIIOTHEHUU KOPPEKTHOTO
JIEUCTBUSA, TIPH TIPOITYCKE IIEJIEBOTO CTUMYJa (JTajoHa), a TaKKe INPH OIMIHOOTHOM
Ha)KaTWUU Ha KIIABUIITY KOMITBIOTEPA.

B kauecTBe Mapkepa akTUBAIlMK 3ePKajIbHBIX HEHPOHOB HMCIIONB30BAIU JIEIIPECCUIO
MIO-pUTMa B 9YaCTOTHOM nrara3zone 8—14 I'm.

B xome 00paOOTKM  TOJMY4YEHHBIX JAaHHBIX  CPaBHUBAIWCH  CJIEIYIOIIHE
JKCIICPUMEHTAIBHEIC CUTYAIlUU OTACIBHO I MY>KUYHH U JKCHIIIH:

1) ®0oH — KOPPEKTHOE HAXKATUE HA KIIABUIILY;

2) ®oH — omMO0YHOE HAKATHE HA KIIABHIITY;

3) ®oH — IPOMYCK LEIEBOr0 CTUMYIIA.

Jns ananuza Obutn BeIOpanbl nons bpoamana (I16), B KOTOpBIX, MO MMEIOLIMMCS
JTAaHHBIM, JIOKAJTU3YIOTCS «IBUTATEIIbHBIC» 3e€pKaIbHBIC HEHPOHEI (4, 6, 38, 40, 44, 45) [4—
7], a TakKe «dMOITMOHANILHEIE» 3epKaIbHBIC HeHpoHsI (24, 32, 33) [5-7].

[Ipu oreHKEe CTATUCTHYECKOW 3HAYMMOCTH Pa3IMUYUil MCITOJIE30Bal MHOTOMEPHBIN
CTATUCTUYCCKUHN aHam3 W t-KpuTepuid CThIOACHTA, KOTOPHIN peain3oBaH B IpOTrpaMMme
LORETA. Pa3nuuus c4uTaINCh CTATUCTUICCKH 3HAYUMBIMHE 1IpH p<0,05.

C 1menpl0  «HOpManM3allMM»  UCCIEAYEMBbIX  IOKa3aTeled  HCIONb30BaIU
npeoOpazoBanue dumepa.
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PE3YJBTATHI U OBCYXJIEHUE

Pe3yabTaThl cpaBHeHNs «@0OH — KOPPEKTHOE Ha’KaTHe HA KIABHIIY»

AHanu3 SIIEKTPUYECKON aKTHBHOCTH MO3Ta Ha YacTOTE MIO-PHUTMa Yy MYXXYWH U
JKEHIMMH B ()OHE, a TaKKe NpPU MPABHIBLHOM pPACIO3HABAHWM IIEJICBOTO CTHMYJa W
KOPPEKTHOM Ha)KaTUHM Ha KJIABUINY KOMITBIOTEPA TO3BOJIII OOHAPYXKHUTH CYIICCTBCHHBIC
pa3nuuus B aKTUBHOCTH HCCIENYyEeMBIX 30H KOpbl (KpuTepuil CThIOJIEHTa, YPOBEHB
3HaguMoctu — p<0,05). Ilpu cpaBHEHWH NOJCYNUTHIBAIOCH KOJHYECTBO «AKTHBHBIX»
BOKCEJIOB B COOTBETCTBYIOIIUX 30HaX KOPBI.

Pe3ynbrarel cpaBHEHUS ANEKTPHUYECKON aKTHBHOCTH MO3ra Ha YacTOTE€ MIO-PHUTMA Y
MYXXYHUH ¥ JKCHIIUH B (OHE W TIPU KOPPEKTHOM HAKATHH HAKJIABHIIY KOMIILIOTEpA
MpeACTaBICHbI Ha puc. 1.
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Puc. 1. AKTHUBHOCTh MIO-pHTMA y MYXYWMH M KCHIIMH B (OHE, a TaKKe MpH
KOPPEKTHOM Ha)KaTHX Ha KJIaBUIILY KOMIIBIOTEpA.

Kak crnegyer w3 pucyHka 1, y MyX4YWH NPU KOPPEKTHOM HAXKaTUU Ha KIIABUIITY
KOMITBIOTEpa OTMeUaeTcsl nmerpeccuss Mio-putMa B 4, 40 u 44 IIb, 4ro yka3wsIBacT Ha
aKTHBAITUIO «JIBUTATEIBHBIX» 3CpKAIBHBIX HEHpoHOB [4—7]. Hapsimy ¢ 3TuM, y HHX
oTMedaeTcs aenpeccus Mio-putMa B 24 u 32 IIb, 4ro yka3plBaeT Ha aKTHUBAILUIO
«OMOITMOHAIBHBIX» 3epKATbHBIX HEUPOHOB [5—7].

VY JKEHIWH, B OTJIMYUE OT MYX4HH (puc. 1), nempeccust Mo-puTMa oTMeqaeTcs B 6 u
40 I1b, rae NOKaMU3YIOTCS «IBUTATENIbHBIC» 3€pKaJbHBIX HEUpOHHI, a Takxke B 24 [1b, rre
JIOKAITU3YIOTCS «IMOITUOHATBHBICY» 3epKaIbHbIE HEUPOHBI.

OOHapyKeHHasT aKTHBallMsl «OMOIHMOHAIBHBIX» 3EPKAIBHBIX HEWPOHOB  MpH
KOPPEKTHOM Ha)KaTUM Ha KJIABHUINY KOMIIBIOTEPA CBHUAETEILCTBYET O BOBJICUCHUU
SMOIMOTEHHBIX CTPYKTYP B 00CCIICUCHUH JaHHOH JEATEIBHOCTH. BO3MOXKHO, 3TO CBS3aHO
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C TPYAHOCTBIO MPHHSITHS PEIICHUS B YCAOBHSX OTPAaHHMUYCHHOI'O BPEMEHH W CUTYAIlUH
HEompeneIeHHOCTH [ 8].

Pe3ynbTaThl cpaBHeHHs «@0H — 0IN00YHOE HAKATHE HA KIABHIILY»

N3yueHue 351eKTpUYECKON aKTMBHOCTU MO3ra Ha 4YacTOTE€ MIO-pUTMA y MYKUYUH U
KCHIMH B (OHe, a TaKkKe IMpH HENPAaBUILHOM DPACIO3HABaHUH LIEJIEBOTO CTUMYJA U
omrO0YHOM HAXKaTHUH Ha KJIABHUIIY KOMIBIOTEpPA B OTBET Ha MPENbIBICHUE IEBUAHTHOTO
CTHMYJIa TI03BOJIMJIO OOHAPYXHUTh 3HAYUTEIBHBIC PA3IMYMS B aKTUBHOCTH HCCIIETYEMBIX
30H KOPBI.

Pe3ynbrarel cpaBHEHH MTpeaCTaBICHa HA pHC. 2.
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Puc. 2. AKTHBHOCTb MIO-PHTMa Y MYKYMH M KCHIIMH B ()OHE M NPU OMIHMOOYHOM
Ha)KaTHM Ha KJIaBHILY KOMIIBIOTEPA.

U3 pucynka 2 cienyeT, yTo y MYKUYMH IPU HENPABUILHOM HAXKATHHU Ha KIIABUIIY
KOMIIbIOTEpa HaOogaeTcs aemnpeccuss mio-putMma B 24 u 32 IIB, rae pacmonokeHb
«OMOITMOHAJIbHEBIE» HEHpOHBI. [ToMUMO 3TOTO, y MY)KUYWH HAOIIOMAETCS NETPECCUS MIO-
putMa B 40 [1b, uyTo yKka3pIBaeT Ha aKTUBAIUIO «JIBUTATCIBHBIX» 3€pKAIbHBIX HEUPOHOB.

Y OKEHIIMH, B OTJIMYME OT MYXYMH, NPH OIMMOOYHOM HAXKATHM HA KIIABUIILY
KOMITBIOTEPA B OTBET HA MPEIBABICHUE ACBUAHTHOTO CTUMYyJa HAOMIOAACTCS JETPECCHs
mio-putMa B 24 IIb, roe pacmoiioKeHbl «3MOIMOHAIBHBIC» 3€pKajbHbIe HEUpPOHBI, a
taxoke B 38 u 40 I1Ib, rae HaxoAsTCs «ABUTATENbHBIC» 3epKalbHbIC HEHPOHEI (PUC. 2).

[TomydyeHnsle maHHbBIE, TPEACTaBICHHBIC HA PUCYHKAX 1 U 2, CBUIETEIHCTBYIOT O TOM,
YTO XapakTep AaKTHUBAIlMM 3€PKajbHBIX HEHPOHOB NpHU MPaBUILHOM H OIIMOOYHOM
BBITIOJIHCHUU TPAH3UTUBHBIX NEUCTBUN, CBA3AHHBIX C Y3HABAHHUEM HMHTEPBAJIIOB BPEMECHHU,
CYILIECTBEHHO OTJIMYACTCS U 3aBUCUT OT IMOJIOBBIX Pa3IUUMiA.

YuuThiBas, YTO TEpPEHHSA MOSICHAS KOpa, TAE JIOKATHU3YIOTCS «IMOIMOHATLHBIC»
3epKaJIbHbIC HEWPOHBI [5—7], Takke y4yacTByeT B nerekiuu ommbOok [10, 11], moxHO
MIPEATIONIOKUUTE, YTO OOHAPYKCHHBIC OTINYHS B aKTUBALUU 3€PKAIBLHBIX HEHPOHOB NpHU
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OIHI/I60“IHOM BBITIOJTHEHU U I[eﬁCTBI/Iﬂ CBA3aHbl C BJIHUAHUCM MO3IOBOTO «JICTCKTOPA
omnook» [9].

Pe3yabTaThl cpaBHeHHsi «POH — MPOIYCK LEJI€BOT0 CTHMYJIa»

HccnenoBanue J1eKTPUUECKOM aKTHBHOCTH MO3Ta Ha 9aCTOTE MIO-PUTMA Y MY>KUHH H
KEHIIMH B (OHE ¥ IMpPU MPOIYyCKE IIEJIEBOr0 CTUMYJIa IO3BOJIWIIO OOpapyX HTh
CYILIECTBEHHbIC OTJIUYMSI B aKTHBHOCTU HCCIIEIyeMBIX 30H KOpHl (kputepuii CThIoAeHTa,
ypoBeHb 3HaunMoctu — p<0,05).

Pe3ynbraThl cpaBHEHHS IPEICTAaBICHBI HA PHC. 3.
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Puc. 3. AKTHBHOCTh MIO-pHTMa Yy MYKYHH WM KCHIIMH B (OHE W MpH TPOITyCKe
I[EJIEBOTO CTHMYJIA.

Kax cnenyet u3 pucyHka 3, y My>KYUH MpU IPOITYCKE LEIEBOr0 CTUMYJa IEMPECCHs
Mio-putMa otMmedaetcs B 4, 6 u 38 I1b, rie moKanmn3yroTCsl «IBUTaTeNbHBIC» 3epKaIbHBIE
HeHpoHBl. B TO Bpems kak y JKEHIIMH, JENpeccus Mio-puTMa otMmedaercs B 38, 40 u
45 TIb, rne NoKamu3yIoTCs «IBUTaTeNbHBIC» 3epKajJbHbIe HEHpoHBI, a Takxke B 32 [1b, rioe
JIOKAJIU3YIOTCS «3MOLUOHAIBHBIE» 3€pKalbHbIE HEHPOHBI.

Tak Kak MOpPOIMyCK IIEJIEBOIO0 CTUMYyJia HE COMPOBOXKIAETCS MOTOPHOM peakiuei
HUCTIBITYEMOT'0 — Ha)XXaTHEM Ha KIABHILY, CJIEJ0BaJO OXHIATh, UYTO <«IBUTATEIbHBIC»
3epKaJIbHbIC HEHPOHBI B 3TOM CIydae He aKTUBHPYIOTCA. BeposTHO, HaOmroiaeMasi B 3TOM
CiIy4ae JEIpeccusi MIO-pUTMa CBSi3aHA C aKTHBAIMeH 3epKallbHBIX HEHMpPOHOB, KOTOPHIE
AKTUBUPYIOTCS TpPH BBIIOJIHCHUM W HEBBINOJHEHUU JEUCTBUHA. DTa pPa3HOBUAHOCTH
3epKAJILHBIX HEMPOHOB BIIEPBBIC OOHAPYKEHA B BEHTPAILHOW MPEMOTOPHON KOpPE MaKaKu
[12].

OpHako WMEIOTCS JaHHBIE, CBUAETEIBCTBYIONINE O HAJIMYUU TaKUX HEHPOHOB U Y
yenoseka [13].
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BepositTHO, akTMBanus 3epKalbHBIX HEHPOHOB, pEAarvupymoOIIUX Ha OTCYTCTBHE
JICUCTBUSA, CBA3aHA C aKTyalau3aluei (MOJroTOBKOM K BBITIOJHEHHUIO) COOTBETCTBYIOIIEH
JIBUTATEIBHOU MPOTPAMMBIL.

[Ipeanonaraercsi, 4TO B cilydae MOJOKUTEIBLHOTO PEIICHUS UCTIBITYEMOrO0 O TOM, YTO
MPEIBABISIEMBI CTHMYJ SIBIIIETCS JTAIOHOM, yKa3aHas IporpamMma peanu3yercs, B
MPOTHUBHOM CJIy4yae — HET.

BepositHO, 00HapYyKEHHBIC pa3IMIus MEXKAY MYKYMHAMH U JKCHIIIMHAMH B aKTUBAIUN
3epKAIbHBIX HEHPOHOB, TJABHBIM 00pa3oM, CBS3aHBI C OCOOCHHOCTSAMH JIaTepalbHOU
OpTaHM3AIAN MO3Ta, OT KOTOPBIX 3aBUCHT TOYHOCTH BOCIIPHSATHS BpeMeHH [14].

3AK/IIOYEHHUE

Takum 00pa3om, MoiydeHHBIE NaHHBIE CBUACTEIHCTBYIOT O TOM, YTO 3€pKaJbHbIC
HEHpOHBI N30MPaTETHHO PEarupyIoT Ha KOPPEKTHBIE U OMIMOOYHBIE EHCTBHS, CBI3aHHbBIE
C Y3HaBaHHUEM HHTEPBAJIOB BPEMEHU M (HPaKTUYCCKH BBICTYIAIOT, KaK YacTh MO3TOBOM
CUCTEMBI JIETEKITUH OIIHOOK.

XapakTep aKTHBAIlMM 3TUX HEWPOHOB NPHU BHITIOTHEHWH yKa3aHHOW IesTeThHOCTH
CYILIECTBEHHO OTJIMYACTCS Y MY>KUUH U JKCHILIKH.
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Introduction. According to modern understanding, the mirror neuron system (MNS)
and the "brain error detector" play an important role in human learning and social
adaptation processes. At the same time, it remains unclear how exactly the mirror neuron
system responds to correct and erroneous actions and what role different types of mirror
neurons and individual characteristics of humans play in these processes.

Methods. The study involved volunteers — practically healthy, right-handed young
men (15 people) and women (15 people) aged 18 to 23 years, students of Tomsk
universities.During the study, subjects were presented with a task to recognize a standard
stimulus: a visual stimulus of specific duration (a light square with a side of 3.5 cm,
appearing for 300 ms in the center of the monitor screen). To memorize the standard, it
was presented to the subject at least 10 times on the monitor screen. Then the standard
was presented together with deviant stimuli. Stimuli were presented multiple times (at
least 50 times) in random order. The inter-stimulus interval was 5-7 seconds. Deviant
stimuli differed from the standard by 150 ms in either direction (longer or shorter).
Preliminary experiments showed that with such a difference between the standard and
deviant stimuli, subjects could distinguish the standard well enough (in 70-90 % of cases).
In accordance with the instructions, subjects pressed the "Space" key with the middle and
index fingers of their dominant hand when the standard stimulus was presented and
ignored signals of other durations. Before and during the activity, EEG was recorded
using a 24-channel electroencephalograph "Encephalograph-131-03" from frontal (F3, F4,
Fz, F7, F8), central (C3, C4, Cz), temporal (T3, T4, TS5, T6), parietal (P3, P4, Pz), and
occipital (O1, O2) leads according to the "10-20%" system. Reference electrodes were
placed at A1 and A2, located on the right and left mastoid processes of the temporal bone.
A grounding electrode was also installed to reduce electrical noise. During EEG data
processing, spectral power estimates were calculated on short (2 seconds) artifact-free
segments of the EEG recording: 2 seconds before stimulus presentation (the "Baseline"
stage), during correct action performance, during target stimulus omission, and during
erroneous key presses. Mu-rhythm depression in the frequency range of 8—14 Hz was used
as a marker of mirror neuron activation. Low-resolution electromagnetic tomography
(LORETA) was used for EEG data processing. For analysis, Brodmann areas (BA) were
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selected in which motor mirror neurons (4, 6, 38, 40, 44, 45) and emotional mirror
neurons (24, 32, 33) are localized according to available data. Multivariate statistical
analysis and Student's t-test were used to assess statistical significance of differences.
Differences were considered statistically significant at p<0.05. Fisher's transformation was
used to "normalize" the studied parameters.

Results. Statistically significant differences were found in mirror neuron activation
during correct and erroneous actions related to time interval recognition, with these
differences depending on gender characteristics.

Conclusion. The obtained data indicate that mirror neurons selectively respond to
correct and erroneous actions related to time interval recognition and actually function as
part of the brain's error detection system. The pattern of activation of these neurons during
the specified activity differs significantly between men and women.

Keywords: mirror neurons, mu-rhythm, time interval recognition, correct and
erroneous actions.
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