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MexaHn3MBbI BOCCTAHOBJICHMSI pa3IMIHbIX (hOPM ITOBEASHUS MPHU NPOOYKISHUU OT CHA A0 CUX
MOp HEJOCTAaTOYHO M3y4YeHbI. B HacTosIIeit padoTe Mbl MCCIIETOBAIM BOCCTAHOBIEHHUE MPOCTHIX
MOTOPHBIX PeaKL Ml Ha 3pUTEIbHbII CTUMYJI, TOHKOW 3pUTEIbHO-MOTOPHOI KOOpAWHALIMU, a
Takke aOCTPaKTHOTO MBIIIJIEHUS TIPU MPOOYXKASHUY U3 CaMOii IITyOOKOI, TpeTheli CTaiuu JHEB-
HOro cHa. B 6oapcTBOBaHNM IO CHA U B T€UEHME TIEPBBIX 2 MUH IIPOOYXKICHUS OT CHA JOOPOBOJIb-
aM mpenjiarajy ABa TUIA 3agad: 3pUTEIbHO-MOTOPHBIE, B KOTOPBIX HYXKHO OBLIO YIIPaBJISTh
IBIDKYIIMMCS OOBEKTOM; U apru(pMETUIESCKHNE, B KOTOPBIX HY>KHO OBLIIO OIIPedesIsiTh BEPHOCTH
MpeaI0KEeHHBIX paBeHCTB. IloydeHHbIe pe3yabTaThl ITOKa3aJii, YTO CKOPOCTh IIPOCTOM MOTOP-
HOM peaxkliMM Ha MOSIBJICHUE 3pPUTEIbHOIO CTUMYJIa JOCTUTajla YPOBHSI, XapaKTepHOTIO 111 60ap-
CTBOBAHMUSI, IPAKTUUYECKHU Cpa3y Ke Iocjie IpooyKaeHus (B TeueHue 4 ¢), Toraa Kak BOCCTAaHOB-
JIEHUE CITIOCOOHOCTH OTPEIEISITh BEpHOCTD MJIM HEBEPHOCTb apudMeTUIEeCKUX paBEHCTB, a TAKXKe
TOYHOTO yIIpaBJIICHUS TPAeKTOPUEH IBIKYILIETOCS 00beKTa TpeOOBaJIo ropasio OO0IbIIIE BpEMEHU:
okoJ10 40 ¢ (B apudpMeTrueckoii 3agaue) u 60 ¢ (B 3pUTEILHO-MOTOPHOI 3amaue). MOIIHOCTD ajlb-
da-puT™Ma IIpu IIPOOYKIEHUM ObIIa BBIIIE, YeM B 00IpCTBOBAaHWHA. JlerbTa-MOITHOCTh ObIIa O~
BBIILIIEHA TOJILKO B Havajie mpoOyKaeHMsI, II0Ka pellleHre 3a1ad ObLI0 3aTPyIHEeHO, a Ha BTOPO
MUHYTE MPOOYXKAEHUSI, KOIJa OHO BOCCTAHABIMBAJIOChH, JAC/IbTa-PUTM CHIDKaICs. [lojlydeHHBIe
HaMU JaHHbIE CBUAETEILCTBYIOT O TOM, YTO MPOCThIE U CIOXHBIC (DOPMBI TTIOBEASHUS TIPU TTPO-
OyKIEHUM BOCCTAHABIMBAIOTCS HEOMHOBPEMEHHO.

Karouesbie cro06a: THEBHOM COH, 3pUTEIILHO-MOTOPHAsI KOOPIWHALIUS, aGCTpaKTHOE MBIIICHNE,
3-s1 cTamus cHa, Ipody:xkaeHue, D3I, anbda-puT™, TeIbTa-pPUTM
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BBEJAEHUWE

Hayuynast mpoOJjiema, Ha pelieHue KOTOPO
HampapjieHa paboTa, — 3TO oIlpeaesieHue oye-
PEIHOCTH U CKOPOCTU BOCCTAHOBJIEHUS pa3HbIX
aCIIeKTOB MOTOPHBIX Y KOTHUTUBHBIX (DYHKIIWA
Mpu MpoOyXaeHWr OT cHa. B HacTosiee Bpems
3Ta Hay4yHasl Ipo0dJjieMa OCTaeTCsl HEU3y4YeHHOM.

COH — 3TO eCTECTBEHHOE COCTOSIHUE MOKOSI,
oTJIMyaloleecs: BbIpaXkeHHO apeaKTUBHOCTBIO
U OTKJIIOYEHUEM CEHCOPHBIX CHCTEM OT BHEIII-
Heil cpenbl. Bo Bpemsi MemieHHOro (OpTOaOK-

785

CaJIbHOTO) CHA aKTUBHOCTh HEPOHOB U3 NECHUH-
XPOHU3UMPOBAHHOM, XapaKTepHOM 111 60IpPCTBO-
BaHUsI, CTAaHOBUTCI CHUHXPOHM3UPOBAHHOM
PaBHOMEPHO pacOpeaeJeHHONA U TpyIIIOBOM.
M3-3a Takoil cMeHbl aKTUBHOCTHU YCJIOBUS JJIsI
rnepepadboTKu UHGOPMALIUY B MO3T€ PE3KO YXY/I-
mraroTcs. BMecte ¢ aTUM Mo Mepe yriyoJaeHus
CHa pacTyT MOPOTHU AJIs BCEX BHELIHUX CEHCOP-
HbIX CUTHAJIOB U X TTIOCTYIJIEHUE B MO3T 3aTpy/l-
Hsetrcss (KoBanb3oH, 2012). Camasi miybokas,
TPEThSI CTaAUsI OPTOAOKCAJIBHOIO CHa XapaKTe-
pu3yeTcsl paclpeaesieHHONM MO BCEMY KOPTEKCY
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BbICOKO CUHXPOHU3UPOBAHHON U CTEPEOTUITHOMN
aKTUBHOCTbIO B HM3KOUYACTOTHOM JeJibTa-aua-
na3oHe (0.5—2 I'x) (Steriade et al., 2001), Ham-
OOJIBILIMM YTHETEHHWEM CO3HAHUSI, BBICOKUMMU
noporaMmu BO30YyXXIEHUSI M BbIpa>keHHOI MHEp-
nuen cHa rmpu rpooyxkneHuu (Trotti, 2017).

Kak ke mpoucxoguT mpoOy:KaeHue U3 3Toit
ctaguu cHa? Ha HacTosmiit MOMEHT o (hpeHOMEHe
NpOOYXKIEHUST U3BECTHO OTHOCUTEILHO HEMHOIO
(YkpaunneBa, ConoBbeBa, 2023). ITo HEKOTOpPEIM
nMeromuMcs maHHbIM (Peter-Derex et al., 2015;
Latreille et al., 2020; Liaukovich et al., 2022),
dopcupoBaHHOE MIPOOYKIECHUE U3 TPEThEil cTa-
JIUU IJINTCS AECATKU CEKYHJI, B TeUEHHUE KOTOPBIX
CcHavasia Ha 3anrcu DI nossisitoTess K-Komiek-
Chl M CUTMa-BepeTeHa, MOCJIE Yero MPOUCXOIUT
YBEJIMYECHUE YaCTOThI JeJIbTa-pUTMa, KOTOPLIM
MOCTEIIEHHO CMEHSIETCSI BHICOKOYACTOTHOM aK-
TUBHOCTBIO — ajibda 1 6eTa. ETMHUYHBIE UcCie-
JOBaHUSI, B KOTOPLIX IIPOLIECC IIPOOYXKACHUS
M3YYyaJICsI C IIOMOILbIO BXHUBJICHHBIX B MO3T
BJIEKTPOAOB y MALUEHTOB ¢ (PapMaKOPE3UCTECHT-
Hoil anunernicuent (Bassetti et al., 2000; Terzaghi
et al., 2009 Peter-Derex et al., 2015), oOHapyXu-
JI1 HEOHOBPEMEHHOCTh MPOOYKIEHUSI pa3HBIX
OTIEJIOB MO3Ta. B yacTHOCTH, OBLIO ITOKa3aHO,
YTO Y CEHCOPHBIX U MOTOPHBIX 30H KOPHI IIOPOT
aKTUBAlIMY HIKE, 4eM y accouaTuBHbIX (Terzaghi
et al., 2009 Peter-Derex et al., 2015), 6ojee Toro,
Ha paHHEM 3Talle IpoOyKAeHUS aKTUBALIUSI CEH-
COPHBIX U MOTOPHBIX 00JIACTEI COIPOBOXKIACTCS
ele 00JbIlIei JeaKTUBallel acCOLIMaTUBHBIX —
B OopcoJjiaTepalibHOl (DpOHTaIbHOII KOpe U B
JopcojaTtepajJbHOM TEMEHHOI KOope perucTpu-
pyeTcsl IapagoKcalbHOE yBEJIWYEHUE JeabTa-
MOIIITHOCTH, KaK OyATO OBl 3TU OTAEJIbI MbITAIOT-
cs TIOJAaBUTh pacOpOCTpaHeHUE BO30YXKIACHUS U
nponokuth “criath”’ (Peter-Derex et al., 2015).
Taxcke ObLIO TIOKa3aHO, YTO BO BpeMsI HETTOJIHbBIX
OpoOyXASHUI Y MallMeHTOB, CTpadalollX COM-
HaMOYyJIM3MOM, B MOTOPHOII M TMOSICHOII Kope
MOXET PeruCTpUpPOBaThCs OOMPCTBYIOIIAS aK-
TUBHOCTb, B TO BpeMsI KaK B JIOOHO-TEMEHHOM
acCcoLlMaTUBHOI Kope IpeobiamgaeT MOBbIIIEH-
Hasl IedbTa-aKTUBHOCTD, XapaKTepHas IS TIy-
ookoro cHa (Terzaghi et al., 2009). Kpome Toro,
HeJIaBHsIsSI padoTa Ha 340POBBIX JOOPOBOIbBIIAX C
ucroab3oBaHueM mMetoga GMPT takke mpone-
MOHCTpPUpPOBAaJia, YTO MEePBLEIMU B IIPOLECC MPO-
OyXIeHUsI BOBJIEKAIOTCSI IpaBasi OCTPOBKOBAs
JIOJISI U CEHCOMOTOpPHAasI Kopa, IIpyu TOM, 4TO JIOO-
Hble 1 TeMEHHBIE 00JIaCTU KOPbl aKTUBUPYIOTCS
3HauYUTeIbHO mo3xe (Alcaide et al., 2021). ITo-
CKOJIBKY BO BpeMsl CHa Mbl HauboJjiee YSI3BUMEI,
OCHOBHas (pyHKIIMS MPOOYXIEHUSI — BOCCTa-
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HOBJIEHUE BOCIIPUSITUSI BHEIIHUX CUTHAJIOB U
MOBEICHUYECKON peakTUBHOCTU, U 3TO BOCCTa-
HOBJIEHUE IOJDKHO IPOMCXOAuTh ObicTpo. Ilo-
3TOMY MOXKHO 3aKJIIOYUTh, YTO OYEPETHOCTH
MpOOY:KIeHUS pa3HBIX OTIEIOB MO3ra HeclydaiiHa
M MeET BaKHbBIN aganTtallioHHbI cMbIci. [To-Bu-
JIMMOMY, TTOHVZKEHHBIN TTOpOT MPOOYKASHMST MO-
TOPHBIX OT/IEJIOB KOPbI OOBSICHSIETCS UX (prTOreHe-
TUYECKON IPEBHOCTBHIO OTHOCHUTEIBHO JPYruXx
KOPKOBBIX 30H M SBJISIETCS SBOJIOLIMOHHOM
ajanTalyei, crrocoOCTBYIOIIEH BBDKMBAHUIO B
IIUKOM MPUPOIE, MO3BOJISI CHACTUCHh OETCTBOM
pU NIPOOYKIEHUM, BBI3BAHHOM BHE3aITHBIM 10O~
SIBJICHUEM OMIAaCHOCTH.

bosiee HU3KMIT MOpPOT aKTUBALIMA MOTOPHOM
KOpPBI OTMEYaeTCsl HE TOJILKO MPU MPOOYXKISHUH,
OH TaKXe HEOTHOKpPATHO ObLI OINMUCaH B UCCIIE-
JNOBAHUSIX, TTOCBSIIIEHHBIX HEOMHOPOIHOCTU
IJTyOMHBI CHa B pa3HBIX OTAEJIaX MO3ra, B 4acT-
HOCTHU B UCCJIETIOBAHUSIX TAKOTO (heHOMeHa, Kak
JokanbHOe 6onpcTtBoBaHMe (Nobili et al., 2011;
De Carli et al., 2016). Takass HEOTHOPOTHOCTb
ypOBHeit OOAPCTBOBAHMUSI B KOpE TOJOBHOIO
MO3ra MOXeT OBITb OOyCJIOBJIEHA TeM, YTO pa3-
Hble 00JIACTU HEOKOpPTEeKCa HCITLITBIBAIOT pa3-
JIMYHOE “NaBjieHWe CcHa”, T.e. MOABEPraroTcs
pa3IMYHOMY BJIMSTHUIO TOMEOCTaTUYECKUX (hak-
TOPOB, 00YCJIOBIMBAIOILIUX IIOTPEOHOCTH BO CHE.
Tak, 100HBIE 001aCTU KOPbI UCHIBITHIBAIOT HAU-
0oJ1ee BBICOKOE JaBJIeHUE CHA U IEMOHCTPUPYIOT
BhIpaxKeHHEBIIT OTBET Ha ero nernpupaiuio (Mar-
zano et al., 2010). brimo Takke Imoka3aHO, YTO
Jlaxke BO BpeMsl peakiiuii arousal, BO3HUKAIOIIUX
BO BpeMsI CHa B OTBET Ha BHEIIIHUE CTUMYJIbI, Y
acCOLIMaTUBHBIX 30H KOPbI MOPOT aKTUBALIUU
BBIIIIE, YeM Y CEHCOPHBIX U MOTOpHLIX (Peter-
Derex et al., 2015; Latreille et al., 2020).

B utore JaHHBIC JIMTCPATYPbI YKAa3bIBarOT Ha
TO, UYTO Hp06y}KI[CHI/IC HEC ABJACTCA OJHOPOIHBIM
npouecCcoM, paBHOMEPHO OXBaThbIBalOILIMM BECH
Mo3r. Paznuuue IIOpOroB akKTuBaliMnu CEHCOMO-
TOPHBIX 1 aCCOUMATUBHBIX OTACJIOB KOPLI I'OJIOB-
HOro Moagra 1mpmBoauT K TOMY, YTO B HA4YaJIC ITIPO-
6Y)K)ICHI/IFI B HUX COCYLICCTBYIOT JIOKAJIbHbLIC OYarmn
6OI[pCTBOBaHI/I$I 1 CHa. HOBTOMy MOZKHO MNpEAIio-
JIOXKHNTD, YTO €CJIN MPOCTHIC ITOBEACHYCCKUE pE€aK-
IMHN MOTYT BOCCTaHAaBJINBATbHCA B IIEPBLIC CCKYHIbI
OpOOYKIEeHUsI, TO CIOXHBIE (POPMEBI TIOBEICHMUSI,
TpeOylollue y4acTUsI aCCOLIMATUBHLIX 30H, TaKue
KakK OpUC€HTaLA B IIPOCTPAHCTBE U a6CTpaKTHO€
MBILUIEHUE, I10-BUAMMOMY, TPEOYIOT IOJTHOTO
Hp06y}K)ICHI/IFI MO3ra 1 BOCCTaHaBJINBAIOTCAd 3HaA-
YUTEJIBbHO ITO3IHEEC. Ha sto0 YKa3bIBalOT TaKXKE pe-
3yJbTaTbl MCCJICAO0OBaHMA, B KOTOPOM C IIOMO-
HIIbIO aHaJIn3a BbI3BAHHBIX ITIOTCHIIMAJIOB MO3ra 'y
Ne 6
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BOCCTAHOBJIEHUE MOTOPHBIX 1 KOTHUTUBHBIX ®OYHKIIUN

300POBBIX JOOPOBOJIBIEB OBIJIO ITOKA3aHO, YTO
pa3HbIe acIIeKThI MPOOYXKIEHUs — BOCCTAHOBJIE-
HHUE JOMUHUpPYIoLIEro aibda-purMa B D91, nian
D3I-npolyKneHune, MosiBJeHNE TIEPBBIX HEOCO-
3HAHHBIX peaKlMii Ha BHELIIHME CTUMYJIbI U, Ha-
KOHEII, X CO3HATEJIbHOE BOCIIPUSITUE — ITIPOUC-
XOIST He omHoBpeMeHHO. Ecim aBTOmMarmue-
CKMe peaklMd MOTYT ObITb 3aperucTpHUpPOBaHBI
yKe B IIEPBBIC CEKYH/IbI IIepexoaa OT CHa K 001p-
CTBOBAHMIO, ellie 10 DD -npoOyXKIeHus, TO CITO-
COOHOCTB K CO3HATEJIbHBIM PeaKIIMsIM BOCCTaHAB-
JINBAeTCs 3HAYUTETBHO TT033Ke. A UMEHHO — TaKue
KOPPEJIIThl OCO3HAHHOTO BOCIIPUSITUSI CTUMYJIOB,
Kak nosiBjeHre KomrnoHneHTa P300 B BEI3BaHHBIX
IMOTEHIIMAJIaX MO3ra, a TaKXKe CIIOCOOHOCTh M3-
OupaTebHO pearnpoBaTh Ha IeJIeBbIe CTUMYJIbI
npu TIPOOYKIEeHUU, TTOSBAsSOTCI Ha 20—25 ¢
o3Ke BoccTaHOBIeHMS B DOI anbda-aKTUBHO-
CTU, XapakTepHoM misg 6oxpctBoBaHmus (Liau-
kovich et al., 2022).

OnHako, HECMOTpPsI Ha TO, YTO HEOTHOBpE-
MEHHOCTb MPOOYXKIEHUsI CECHCOMOTOPHBIX U ac-
COLIMAaTUBHBIX OO0JacTeili Kopbl ObLIa HEOTHO-
KkpaTtHo nokasaHa (Terzaghi et al., 2009; Peter-
Derex et al., 2015; Alcaide et al., 2021), ocobeH-
HOCTU BOCCTaHOBJIEHUSI (DYHKIIMI, B KOTOPBIX
YYacCTBYIOT 3TU OTHAENbI, 10 CUX ITOp HE MU3yda-
Juch. [ToaTOMy MBI pelInivu CpaBHUTb BOCCTa-
HOBJIEHHE CEHCOMOTOPHBIX peakiuii, obecrie-
YUBAIOIIMXCS “paHOIIPOOYKIAIOLIUMUCS” CEeH-
COPHBIMU M MOTOPHBIMU OTIEJIaMU MO3ra, C
BOCCTaHOBJIEHMEM CITOCOOHOCTU K a0CTpPaKTHO-
MY MBIIICHUIO, KOTOpOe TpeOyeT y4acTUs acco-
LIMaTUBHBIX OTIEJIOB HEOKOpTeKca. Takxke Mbl
PEIIIN COMMOCTaBUTh OCOOEHHOCTU BOCCTAHOB-
JIeHUs1 3TuX (GOopM MOBENEHUS MpU IPOOYXKIe-
HUM C BOCCTAHOBJIEHHEM OOIPCTBYIOIICI aKTUB-
HOCTU MO3ra B CyMMapHOIi 3JIeKTpo3HIIedano-
rpamme (BBI). K coxanenuto, DI obnanaet
MaJIbLIM TPOCTPAHCTBEHHBIM pa3pellieHUeM B
CPaBHEHUU C BHYTPUMO3TOBOM peETrUCTpalieit
ouoaexTpruueckoil aktTuBHoctu (Miiller-Putz,
2020), HO, TOoCcKOJbKY ODI' MMeeT TOCTaTOYHO
BBICOKOE BpEMEHHOE pa3pellieHHue, 3TOT METOJ
MO3BOJISIET UCCIIEIOBATh HE TOJILKO MEPBbIE MU-
HYTbI, HO U TIepBble CEKYHIbl MPOOYXIeHUs, 1
COMOCTAaBJISITh AUHAMUKY BOCCTAHOBJIEHUS T10-
BEJICHUYECKMX PeaKIIMi C TOCTEIEHHBIM IMOBbI-
IIEHUEM YPOBHS OOIPCTBOBAHUSI.

B uTore Mbl IIOCTaBWJIU CBOE 1IEJILIO Olle-
HUTb BO3MOXHBIE Pa3Indus B CKOPOCTH BOCCTa-
HOBJIEHUSI 3pUTEJIbHO-MOTOPHOM KOOpAUHALIUU
1 aOCTPaKTHOI'O MBIILJIEHUS B IIEPBble CEKYHIbI
OpoOYyXAESHMS OT CHA. A TaKXKe COITIOCTaBUTh AU -
HaMUKY BOCCTaHOBJICHUS 3TUX (DYHKIIWI C TUHA-
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MHUKOII BOCCTAaHOBJIEHUsI OONPCTBYIOIIEH aKTUB-
HoctHu B OOI. I1ocKoIbKYy THEBHOI COH UMEET Te
»Ke MeXaHHM3MBbI, YTO M HOuHOM (Mylonas et al.,
2020), B naHHOI1 padOTe MBI OTPAHUYMIINCH U3Y-
YyeHueM MpoOyXaeHuit u3 3-it ctaauy THEBHOTO
cHa. JIHeBHOIT COH, XOTb OH Y KOpOYe HOYHOIO 1
COCTOUT OOBIYHO U3 OAHOTO IIMKJIA, B OOJBIIINH-
CTBE CJIy4aeB BKJIIOYAeT B ce0s1 BCE CTaIMU CHA, U
B ToM umcJie 3-1o craguio (Mylonas et al., 2020;
Simon et al., 2022; Shah et al., 2023), mo3ToMy
OH BIIOJHE MOAXOAMUT JJISl UCCIAEIOBAHMUS 3aKO-
HOMEPHOCTEil BOCCTAaHOBJIEHUSI pa3HbIX (Gopm
MOBENCHUS TIPU NMPOOYXKIeHUN U3 3-ii cragun
cHa. B kauecTBe 3amauyu Ha 3pUTEILHO-MOTOP-
HYI0 KOOpJAMHAIIMIO Mbl BbIOpaau yIpaBieHUE
IBVCKYIIUMCS OOBEKTOM, KOTOpOE TpeOyeT Imo-
CTOSIHHOTO MOTOPHOIO HalpaBjieHUsI O0ObeKTa,
JBVKYILIETOCS T10 SKpPaHy MO CAy4YalHOW Tpaek-
TOpPYU, U MPUBEACHUS €ro K lieJaud. DTa 3ajadya
MO3BOJISIET, BO-TIEPBBIX, PETUCTPUPOBATH IPO-
CTbl€ 3PUTEIbHO-MOTOPHbBIE PEaKIIMU Ha TMOsIB-
JiIeHre 00beKTa; BO-BTOPbIX, OHA JAET BO3MOX-
HOCTb OlLIEHMBAThb ITMHAMUKY BOCCTAHOBJICHMUS
TOHKOM 3pUTEIbHO-MOTOPHOM KOOPAMHALINMU,
HEOOXoOMMOM IJIsI MpUBEASHUS 00beKTa K 1LIeIU
o KpaTyaiinieii Tpaekropuu. B kauecTBe 3amaun
Ha abCTpaKTHOE MBIIIJIEHUE OBIJIO BEIOPAHO pe-
lIeHue apupMeTUIECKUX ITPUMEPOB.

METOIMNKA
Yuacmnuxu

B skcniepumenTe yyactBoBasiv 30 10OpOBOJIb-
HeB (cpemHuii Bo3pacT 24 = 4 roga), 6e3 HEBPO-
JIOTUYECKMX HApYLLIeHU U HapyLlIeHU I cHa. Mbl
KCITOJIb30BaJIU CIEAYIOLINE KPUTEPUU UCKITIOUE-
HUS U3 DKCIIEPUMEHTA: OCTPbIE WU XPOHUYECKUE
3a00JIeBaHUSsI, IPUEM JIFOOBIX MEIMKAMEHTOB, aJl-
KOToJIbHasl WJIM HApKOTUYECKasi 3aBUCUMOCTb, pa-
00Ta CO CMEHHbIM TpaUKOM, OTCYTCTBUE pery-
JIIPHOTO peXuMa CHa 1M OOIpCTBOBAHMSI, pac-
CTPOICTBa CHa, MepesieThl CO CMEHOM 4YacOBBIX
MOSICOB B T€UEHMUE MOCJEAHEro mMecsia. yJacr-
HUKU MCCIIeNOoBaHUsI COOJIoAaad peryJsipHblii
LIMKJI CHa-00APCTBOBAHUS C UTUTEIbHOCTHIO HOY-
HOTO CHa OKOJIO 8 4 CO BpEMEHEM OTXOJa KO CHY
23:00—00:00 n Bpemenem mombema 07:00—08:00.
3a CyTKM mepel yJacTueM B 9KCIEPUMEHTe OHU
BO3JIEPXKUBAJIUCH OT YMOTPEOJEeHUsT aJaKOroJs,
Kode, yas, 1mokoaana. Ilepen HauaaoM orbITa UC-
MbITYeMbIe ObLIT OCBEIOMJICHBI O IPEAMETE U TTPO-
lieaype uccieqoBaHusl, a TOOPOBOJBLHOCTh yya-
cTusl Oblla TIOATBEpXKIEHA MOANMUCAaHHbIM WMH-
¢dopmupoBaHHbIM coriacueM. Ilo 3aBepieHUMN
KaxKJI0ro 3KCIepUMEHTa OHU TOTyJaIv JEHEKHOE

Ne 6 2023
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BosHarpaxaeHue (750 py0.). Bce mpoTokobl B Ha-
1IeM MCCJIeIOBAHUN ObLIM COCTaBJICHBI B COOT-
BETCTBUM C TPEOOBAaHUSIMM XEIbCUHKCKOM Jie-
KJIapallu M OJOOpEeHBI 3TUYECKOl KOMMCCHEN
MBH/1 1 H® PAH. ITockonbKy 4 106pOBOJIbLIA
HE CMOIJIU IOCTWYb 3- cTamuy cHa (HaOJroma-
JIUCh TOJBKO 1-1 1 2-51 cTamumn), OHU OBIIIM MC-
KJIIOYEHBbl M3 aHajiu3a, B UTOTe aHaJIU3MpOBa-
JIMCh TaHHBIE TOJIBKO 26 1OOPOBOIBLEB, CPEeaU
KOTOPBIX ObUIO 7 MYKYMH U 19 >KeHIIMH.

Ilpouedypa

IMoce moammcanust UTHGOPMHUPOBAHHOTIO CO-
IJIaCUSI BCE YYACTHUKU SKCIIEPUMEHTA 3aIT0THS -
JIN oIpocHUK “CaMOYyBCTBUE, aKTUBHOCTD, Ha-
crpoenue” (CAH), onieHMBaOIINIA UX ICUXO3MO-
LIMOHAJIEHOE COCTOSTHME, a TakKXKe ITPOXOIVIIN
TECTHI, OIpeAeIISIoNIe CyObeKTUBHBINA YPOBEHB
COHJIMBOCTH: CT3H(OPICKYIO IIKAIy COHIMBOCTH
(Stanford Sleepiness Scale/SSS) u Bu3yajabHO-
aHaJIoroBylo IkKany coHumBocTu (Visual Ana-
logue Sleepiness Scale/VASS).

Ilepen mHEBHBIM CHOM HOOPOBOJIBIY COOO0-
ajau, 4Tto OyAeT OlieHMBAThCSI CKOPOCThb €ro
npoOyXaeHus u3 3-il cTaauu THEBHOTO CHa,
MPOCWJIM TIPOCHYTBCS KaK MOXHO ObICTpee U
npenynpexmuaiu, 4To, KOorjaa ero pa3oyasT, cpa3y
HY>XXHO OyJeT CMOTPETh Ha 3KpaH, 3aKperieH-
HbII HaJ KpOBaThlO M pellaTh MNPEIJIOXKEHHYIO
3a/la4y, MCIIOJb3yS ISl 3TOrO MBbIIIb-KOJIbIIO,
3aKperIeHHYIO Ha Tajblie.

JloOpoBobLaM IIpeajiarajiu aBa TUIa 3agad —
Ha 3pUTEIbHO-MOTOPHYIO KOOpAMHALIMIO U Ha
apudMeTUIYeCcKUi cueT. 3agadm AeMOHCTPUPO-
BaJld Ha 2KpaHe KOMITbIOTEPHOIO MOHUTOpA,
pacnos0oXeHHOTO Ha BbICOTE OKOJIO 1 M Hall HO-
raMu ydacTHuka. B 3amaue Ha 3puTEIbHO-MO-
TOpPHYIO KoopauHauuioo “KpyXKu” HCTbITye-
MbIii JTOJDKeH ObLI YIPaBIsITh TpaeKTOpUEH
KpPAaCHOTO KpyXKa, IBUKYIIErocs Mo 3KpaHy U3
JIEBOTO HUXKHETO yTJIa IO cliyyaiiHoi mapaboiJie,
U, TOBOpauuBasi BBEPX U BHU3 KOJIECUKO KOM-
NbIOTEPHOM MBIIIM-KOJbLA (3aKpernjieHHON Ha
najblie), HarmpaBJIsTh €ro B LIEJIb — YEPHBII Kpy-
JKOK TaKOTO Xe pa3Mepa B IIpaBOM BEpXHEM YTy
(puc. 1 cieBa cBepxy). B 3anaue Ha apupmeTrye-
cKUil cyeT “PaBeHcTBa” H0OpOBOJEL HOIKEH
ObLT OTBETUTDb, BEPHO JIU MpeIIokeHHOe apud-
METHUYEeCKOe paBeHCTBO WM HeT. Ha akpaHe Mo-
HUTOpa €My TIPEeIbSBISLIMCH MPaBUIbHbBIE JTUO0
HelpaBWJIbHbIE PABEHCTBA U JIBa TMOJIbIX KBaJpa-
Ta CBEpXy M CHU3Y OT mpuMepa — 3eJIeHbIi U
KpacHbIii. BbIOOp BEpHOCTU-HEBEPHOCTU TIPO-
U3BOJUJICSI TOBOPOTOM BBEpPX M BHU3 KOJEeCUKaA
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KOMIIBIOTEPHOK MBI (B CTOPOHY 3€J€HOTO
WM KpacHOro KBaaparta) (puc. 1 cripaBa cBEpXy).
Kaxnas 3amaya Bkimouana B cebss 40 mpoO
(40 ABVKYILIUXCST KPYKKOB JIn00 40 mpuMepoB)
U Aaunach 2 MUH. B 3puTesibHO-MOTOpPHOM 3a1a-
ye Kaxaast mpoba anuiach 2.5 ¢ U MexXay Ipobda-
MU OTCYTCTBOBaIU Tay3bl. JIAUTEIbHOCTH ITPOOHI
B apudMeTUYeCcKOil 3amadye cocTapisia 3 ¢, U
npoObl ObLIM pasaeieHbl MeXIy co00i ¢ukca-
LIMOHHOI TOYKOI myiuTeibHOCThIO B 0.5 ¢. OnHa-
KO T10OpPOBOJIbIIBI B HOPMaJILHOM COCTOSIHUU Pe-
LIaJI1 KaXX10€e paBEeHCTBO ObICTpPEE OTBEACHHOTO
BpEMEHM — NpUOJIM3UTENbHO 3a 2 ¢. IToaTomMy B
CpenHeM IJINTEJIbHOCTh MpoO (BMecTe ¢ maysa-
MH) B 00enX 3amavyax OblIa OMMHAKOBOM M CO-
crasisiia 2.5 c. B 3amaue “Kpyxku” Bce mapado-
JIbI, TI0O KOTOPBIM BbUIETaIN KPY>XKKU, 3a1aBaINCh
ciydaiiHeIM o6pa3oMm. [TomoBuHa mpoO B 3amayue
“PaBeHcTBa” mTpencTaBisiiia coOOM CIOXEHHE
JIBYX OAHO3HAYHBIX YMCEJI, 2 BTOpasi MOJOBUHA —
CJIOXKEeHHE IBY3HAYHOIO U OAHO3HAYHOTIO YK CEJI.
JIBa THIIa CI0XKEHU OBLIN pacIIipeliejicHbl B 3a-
Jlaye KBa3ucaydaitHO M ObLIM IMIPUMEPHO OMHA-
KOBBI 10 CJIOXHOCTU. 3aaa4i NPeIbaBIIsSIUChH B
OOIpPCTBOBAHMM JIO U TTOCJie cHa (00e 3amaun), a
Takke BO BpeMs (POPCHUPOBAHHOIO MPOOYXKIe-
HUSI OT ITHEBHOT'O CHA — Cpa3y ke Iocje MpoOyK-
JarolIero curHasia (ogHa u3 3a1ay).

Kaxkaplit 1oGpoBosIel] y4acTBOBaJI B IBYX 3KC-
TIEPUMEHTAX: B OTHOM IIPU MPOOYKACHUU TTPEIb-
SIBJISITIACh 3a7a4a Ha 3pUTEIbHO-MOTOPHYIO KOOP-
guHanuoo “KpyXku”, B IpyroMm — 3amada Ha
apupmMeTudeckuii cuet — “PaBeHcrTna”. CobJito-
Jlald CTPOTUM KOHTpOasaHC: MOJOBMHA 100pO-
BOJIbLIEB TIPU TEPBOM IMPOOYXKICHUN MOIydyasia
3pUTEILHO-MOTOPHYIO 3a/1ady, BTopasl TOJIOBU-
Ha — apudmeTndeckyro. Kaxkabiii a3KCIIepuMeHT
HauunHajcsa B 13:00 u 3akanuuBaics B 17:30. Ha-
4yajio THEBHOTO CHA MPUXOIUJIOCH Ha TIPOMEXY-
ToK BpeMeHU 14:30—15:00, noOpoBoJibLa Oyauain
MpU TOCTUKEHUU UM 3-i1 CTaguu OpTOIOKCAJb-
HOTO cHa. VIcribITyeMble CIiaii B 3ByKOU30JIUPO-
BaHHOI1 U cIieliMajibHO 000PYIOBaHHOI JIsT CHA
KOMHATe MpU MOJHOCTHIO BBIKJIIIOUEHHOM OCBE-
IIEHUU.

Pecucmpayus 33I

s 3anucu ucrnonab3oBaiu 19 kaHanoB BT
(1o mexxnyHapomHoii cucteme 10—20), onuH Ka-
HaJl aiekTpoMuorpamMmel (DMI') u nBa KaHaia
OKYJIOIpaMMbI, HCIIOJb30Bajlu 3HIedaaorpad
“Ouuedanan-EEGR-19/26” (dbupma “Menu-
koM”, Taranpor, Poccusi) ¢ 4aCTOTOM AUCKpPETU-
dauuu 250 T, OMI' peructpupoBaiud OT I1OO00-
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3anava “Kpyxkm” 3angaua “PaBeHcTBa”

25+7=32

Hesepno!

FI/IHHOI‘paMMa JHEBHOI'O CHa
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Lights out

-

Lights out

Puc. 1. 3agauu “Kpyxku” u “PaBeHcTBa” U MpuMep TUMTMYHON TMITHOTPAMMBbI THEBHOTO cHa. CMHEe KpUBOii Mo-
KasaHa ciyJaifHas 1mapaboJia, 1o KOTOPO ABMKETCS KPY>KOK. 3eieHast JIMHUS — pe3yIbTUpYIoNIas TpaeKTOpHUs
rnoJieta Kpyxka. 2KeJTbIM roJjieM 0003HaueH ONTUMaTbHbII Kopuaop. HakKIIOHHBIMU KPaCHBIMU CTpEIKaMU yKa-
3aHbl KOPPEKTUPYIOIINE “TIONKPYTKN . BepTMKaIbLHBIMU KPACHOM 1 3eJIEHOM CTpeIKaMU Hall paBeHCTBOM ITOKa-
3aHO HarpaBJieHUe ABIKEHU S KOJleCMKa KOMITbIOTEPHOI MBI -KOJIbLIA ITPY PEllIeHUW KOTHUTUBHOM 3anaun. Ha
TUITHOTpaMMe 3€JIEHOM CTpeJIKOl MoKa3aHO Havyajlo 3achilaHUsl; CUHEN CTPEIKOM — CIOHTaHHOE MPOOYXIeHUe
W3 2-if CTaIuy CHa; KPaCHOM CTpeIKoi — (hopcupoBaHHOE MpOOYyKaeHUe U3 3-i CTaauy CHa.

Fig. 1. The motor task “Circles” and the cognitive task “Equalities” and example of a typical daytime nap hypno-
gram. The blue arrows show the parabola along which the circle moves in motor task. The green line shows the re-
sulting trajectory of the circle, controlling by subjects. The yellow field indicates the optimal corridor. Slanted red
arrows show corrective “spins”. The red and green vertical arrows show the direction of movement of the computer
mouse-ring wheel when subjects solve the cognitive task. On the hypnogram, the green arrow shows the start of fall-
ing asleep; the blue arrow shows spontaneous awakening from the 2nd stage of sleep; the red arrow shows the forced
awakening from the 3rd stage of sleep.

ponka. s perucrpanny MCIIOJIb30BaJIach IPO-
rpamma “OHuedanan”. YacTora IMCKpeTU3aluNU
cocTtasisia 250 I.

Bo BpemMs nHeBHOro cHa JOOPOBOJIBIIEB IMO-
JIMICOMHOTPaAMMY OTCJIEXKMBaJIU B pexKuUMe “OH-
nmaiH”. Hacryrenue 3-i1 cranum onpeaessiifg 1o
WHICKCY JIeJIbTa-pUTMa B COOTBETCTBUU CO CTaH-
naptHeiMu Kputepusimu (Iber C et al., 2007) — ko-
raa oH npebiman 20% (korga B TeyeHue 30-ce-
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KYHIHOM OBIIOXM aHajiu3a HaOMomaioch 6 wiu
OosbllIe CeKyHI Ae/IbTa-aKTUBHOCTU C aMILIATY-
noit 6onee 75 MB m uvactotoii, meHbleit 2 Iir).
I[Ipy MOHMTOpPUHIE MOJMCOMHOTPAaMMbI B OC-
HOBHOM OPMEHTUPOBAJINCH Ha LICHTPAJIbHBIC OT-
BeneHus C3, Cz, C4. I1poOy:xneHue u3 3-ii cranumn
CHA NPOM3BOIWIN aKyCTMYECKM TOHOM — “Oy-
IMabHUKOM” — yactoTon 440 I11, mmiTeapHO-
CTbIO 1.5 ¢ M UHAWMBUIYAJIBLHO TTOAOOPAHHOMN JJTST
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KaXKIIOTO MCIIBITYEMOTO MHTEHCUBHOCTBIO. 3BYyK
MoaBasics Yepe3 IMHAMUK, PACIIOJIOXEHHbBIN Ha
pPaCCTOSTHUHY TIPUMEPHO 1 M OT TOJIOBBI UCTIBITYE-
MOTO.

Cmaoduposanue noAUCOMHOZPAMM

3anuce DOI' pazouBaniu Ha 30-ceKyHIHbIE
anoxu. Kaxayio 3moxy oTHoCHIM 160 K 6oap-
CTBOBaHMIO, JMOO K OJHOI M3 cTaguii opTO-
JoKcaJlbHOI ¢a3bl cHa (cramust 1, cramus 2,
cTtaaus 3), 1ubo K napagokcalibHOM (pa3e cHa B
COOTBETCTBUMU CO CTaHAAPTHBIMU KPUTCPUAMU
(Iber C et al., 2007).

Ha ocHoBe mpoOBeAeHHOTO CTamupPOBAHUS
CTPOMJIM TUIHOTPpAMMBI [JIsI KaXKIOil 3amucu
JHeBHOro cHa (puc. 1 cHuU3y) u puUKcupoBaiu
JaHHBIC O TaKMX MapaMeTpax CHa, KakK JaTeHT-
HBII TIeprol 3achIllaHUsl, a TaKXe JaTeHTHBIN
MePUOM Y JUTUTEIIbHOCTh 3-i1 CTaIuy CHA.

Cnexmpanvubtil anaaus 29I

Ilonyuyennsie 3anucu DD oOpadaThIBaIu B
nporpaMMHOM obOecriedeHun Brainvision Ana-
lyzer 2.0 (Brain Products GmbH, IunbxuHr,
I'epmanus). Ha 3anmch HakmagbpiBajiu CIIEOyIO-
mue uabTphl: notch-punesrp 50 T, duasrp
BepxHux 4dactoT 0.5 I'm m dunsrp HMXKHMUX Ya-
crot 30 I'n. Jlanee n3 3amuceii Bcero cHa BEIpe3a-
JI1 MOMEHT (pOpPCUPOBAHHOIO MPOOYXKASHUS 1
NPOU3BOOUIN OYUCTKY apTedakTtoB ot DOI,
BOKI 1 ODMI ¢ noMoliblo aHaJIu3a HE3aBUCUMBIX
koMmItoHeHT (Independent Component Analysis,
ICA) u ero oOpartHoit Bepcuu (inverse ICA)
(Makeig et al., 1996). U3 ounilieHHBIX 3aIMceit
BBIPE3aJIi CETMEHTHI UIMTEJIBHOCTBIO 5 ¢ B ca-
MOM Hauajie IpOoOyKIeHUsI Ha TIepBBIX Mpodax
(Ha 1-5-11 mpobax) mpenbsIBasIeMOii 3agaun (KO-
IJa BBIMIOJHEHME 3aa4M BCe ellle ObLIO 3aTpyl-
HEHO), B KOHIIe TpoOyXxaeHus Ha 25—35-ii mpo-
0ax, a TakxXe B CepelIrHe BBIMIOJHEHUS 3adadyu
(Ha 15—25-11 mpobGax) Bo BpeMsI OOIPCTBOBAHMS
1o cHa. ITocne aTnx mpeo6pa3oBaHUA ITPOBOIM-
JIN CTIeKTPaJIbHBIII aHAIM3 C TTOMOIIbIO METoAa
OpIcTpOTrO NpeodpazoBanusg Pypbe U MOJIyYaAIN
MOIITHOCTHO-YaCTOTHBIE CHEKTPhI MO KaXKIOMY
CerMeHTy s ciaeayommx O9[-kaHanos: F3,
Fz, F4, C3, Cz, C4, P3, Pz, P4, O1, O2.

Anaau3s evinoarenHus 3a0a4

st aHanmu3a MpaBUJIbHOCTU Y CKOPOCTH BbI-
MOJIHEHUSI 000MX TUIOB 3aday IOACUYUTHIBAIU
KOJMYECTBO MPaBWJILHO pelleHHbIX Mpod. Ko-
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COJIOBBEBA u np.

JIMYECTBO IMPaBUJIbHO pellIeHHbIX MPO0 BbIpaka-
JIM B MIpOlIeHTaxX OT ux obmiero uyucia (ot 40).
Taxkoke Mbl TTOCYMUTHIBAIU JOJI0 1OOPOBOJIBLLIEB,
BEPHO CITPAaBUBIIMXCS C KaXKIOM ITPo0OO0Ii, OT 00-
1LIEro YucJja MPUHSBIIMX y4acTUE B HaIlleM 3KC-
IEepUMEHTE UCHBITYeMBIX (OT 26) M JIaTEHTHBII
nepuoj NepBoii peakliuu 100pOBOJIblIA ITPU pe-
IIEeHUM KaxXnoil mpoObl (BpeMs IIEpBOI peak-
oun). B 3putenpHO-MOTOpHOI 3agade “Kpyx-
K1~ TIepBO#i peaknueil canuTanach repnast “mom-
KpyTKa” KOPOTKOE€ JBIKEHNE KOJISCUKOM
MBIIIM-KOJIblIAa — JJISI KOPPEKIUU TpaeKTOPUU
IBVKEHUSI KpacHOTO KpyxXKka. B apudmernye-
CKOM 3aJaye IEepBOM peakUMeun SBISIICS MOBO-
POT KoJieCHKa MBIIIHY IJIS1 BBOAa OTBETa — BEPHO
nan HeBepHoO. MccaenoBany n3aMeHeHe O0IIei
JIOJIM BEPHBIX P00, a TaKKe TMHAMUKY U3MEHE-
HHS BEPHBIX PELIEHUI 1 BPEMEHU MEPBOM peak-
oUW I KaXKIoM IMpoOBbI B TeYEeHWE BCE M-
TEJILHOCTH 3a/1a4.

Anaauz cmpameeuii ynpaeienus
mpaexkmopueil noaema KpyicKa

st aHanmu3a TOHKOU 3pUTEIbHO-MOTOPHOM
KOOpJIMHAILIUM TOOPOBOJIBLIEB BBIACISIIA OITH-
MaJIbHBIN KOPUIOP BOKPYT MPSAMOMA, COCTUHSIO-
1€ JIEBbI HUXKHUI yroJl 9KpaHa (TOYKY BbLIeTa
Kpy>XKa) U MpaBblii BEpXHU yroy aKkpaHa (1ieb,
B KOTOPYIO €ro HYXXHO OBbLIO HaIlpaBUTh), —
ylepKaHue TpaeKTOPUHU KPYKKa B 3TOI 001acTu
MOBBILIAIO €r0 BEPOSITHOCTh MOMNaaaHus B LIEb,
BHE 3TOM 00JIaCTH BO3pacTall puCK He CIIPaBUTh-
cd C 3amayeil (ymycTUTb KPYKOK 3a Mpeacsbl
akpaHa). O0JiacTh 3aaBajiu CASAYIOLIUM o0pa-
30M: TaK KaK M3HAaYaJIbHO KPYXXOK JBUTAJICS MO
TPaeKTOPUU B BHUJE TapaboJjibl, TO B KayeCTBE
ONTUMAaJIbHOI BbIOMpaau 0b6JacTb, OrpaHUYCH-
HYIO IByM¢ MapabojiaMu ¢ BEPIIMHAMU B TOUYKE
Havajla JBWXXEHUSI, CUMMETPUYHBIMU OTHOCHU-
TEJAbHO MPSIMOM, MPOXOASIICH YepE3 LIEHTP LIEIU
1 TOUYKY BbUIETA, U KacalOIIMMUCS OKPY>KHOCTH
C LUEHTPOM, COBIIQJAIOIIMM C LIEHTPOM LIEJIU, U
paguycoM OoJbllie paguyca Leiau Ha 10 nmukce-
seit (puc. 1 caeBa cBepxy). st Kaxkmoro Kpy>kka
(m1s1 Bcex 40 11po06) aHAIM3UPOBAIU Pe3yIbTUDY-
1011y10 TpaekTopuio. CHadajaa OLleHUBaJIU, Ka-
Kas J10JIs1 9TOU TpaeKTOPUU HAXOAWJIaCh B ONTU-
MaJlbHOM Kopuiope (MpOTSEKEeHHOCTh B MUKCe-
JISIX YacTU/JacTeil TpaeKTOpUU, HAXOIUBIIECs
B ONTUMAaJIbHOM KOPUIOPE, BbIpaKeHHas B IIPO-
LIEeHTaX K OOlel MPOTSKEHHOCTU TPaeKTOpUK).
Cyutanu, 4yTo YeM BBIIIIE 3Ta AOJISI, TEM TOYHEE
JIOOPOBOJIbLIbI CIPABJISUIMCH C YIIpaBJeHUEeM JIBU-
KylmmMmcs oobeKToM. KpoMe Toro, Mbl IOACYUTHI-
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Tab6muna 1. OueHka QYHKIMOHAIBHOTO COCTOSIHUSI, COHJIMBOCTU M CTPYKTYPBI CHA — CpeaHMEe 3HAYCHUS
Table 1. Assessment of the functional state, drowsiness and sleep structure — average values

(0] SSS (0) VASS
OnpocHuxk CAH, 6abt TPOCHIK ’ TPOCHIK > | O6BbeKTUBHBIEC TOKA3aTeJIM CHa
OaLTbI OGasLIbl
3anauu -
caMo- aKTUB- | HACTPO- JII cHa, |JIITSWS, FUTETD
crsre | Hoers eHie JocHA |TOCTECHA| N0 CHA |MociecHa ~ M HOCTb
e SWS, Mun
Kpyxkn 54+£121|50£1.16({59+£1.04|3.5+142|2.8+1.13 (5.6 £2.23|3.5+2.00(13.4% 14.13(18.6 £ 13.44| 6.3 £3.22
PaBeHcTBa 53+1.23{69+1031({57+1.19|34+147|2.6+0.99(5.6+1.85|3.2+1.88(11.9+5.76{19.7£9.21| 4.9 £2.00
YpoBeHb 3Ha- 0.49 0.62 0.38 0.67 0.31 0.87 0.47 0.74 0.15 0.067
YUMOCTH, p

BaJld KOJIMYECTBO KOPPEKTUPYIOLIMX “TIOOKPY-
TOK”, COBEPILIEHHOE B XO/I¢ BLIITOJIHEHUS KaXK IO
npoObl, a TaKXKe IMoApa3ne/isid MX Ha BepHbIe U
HeBepHBbIe. “IlonkpyTka” cunTanachk BEpHOIA, €CIIN
OHa COKpalliajia paCCTOSHUE A0 MPSIMOM, IIPOXOIsI-
1Ieit yepes LHeHTp eI U TOUKY Havajla IBMKSHUS,
Y1 HEBEPHOI1 B IPOTHUBOIIOJIOXKHOM ClIydac.

Cmamucmuueckuii anaius

CratTucTuyecKuii aHajau3 BBIIIOJHSIIIM C MC-
HoJb30BaHWEM IIporpaMmbl Statistica 10 (Stat
Soft. Inc., Tanca, Oknaxoma, CIIIA). Pemiexnue
KaxXIO0l OTAEIbHOM 3amauyM IIpU IIPOOYKIEHUU
CpaBHMBAJIM C pellleHWeM 3a1ad B O0gpCTBOBa-
HMHU 10 CHA. TakxKe CpaBHMBAJIU PELISHUS ABYX
3ama4 Mexay coOoii. s olleHKM HOpMaIbHO-
CTU pacIpeneeHus MOJyYeHHBIX TaHHbBIX ITpU-
MeHsIu Kputepuii KoamoropoBa — CMupHOBa.
11 HOpMaJbHO pacIpeaeaeHHBIX MepeMEeHHBIX
HWCHOJIb30BaId AUCIIepCUOHHBIN aHam3 ANOVA
(omHOMAKTOPHEII M JII HOBTOPHBIX M3MeEpe-
HWI1), IJIs1 allOCTepUOPHOIO aHaInU3a MpUMEHSI -
1 Kputepuii Bunkokcona. IIpu cpaBHeHUH Be-
POSITHOCTH IIPaBUJILHOIO BBIIIOJIHEHUS KaxXKOOu
OpoOBI IMPU pellleHNn O0OUX TUIIOB 3aJad HC-
MOJIb30BaJIN TAOJUILY COIIPSKEHHOCTH 2 X 2, 10-
BepPUTEIbHBIII MHTEPBaJI B KOTOPOI BEIYMCIISIICS
10 KpUTEepUIo X1-KBaapar.

PE3YJILTATbBI UCCIEOJOBAHUN

Cmpykmypa cHa, cOHAUBOCMb
U YYHKUYUOHANbHOE COCMOsHUE

Mbr cpaBHuIM Oaminbl onpocHuka CAH wu
OILIEHKU COHJIMBOCTH T10 MeToarukam SSS u VASS B
JIByX TUIIAX SKCHEPUMEHTOB (C pelleHueM TIpu
MpOOYXIEeHUN 3pUTETbHO-MOTOPHOM JTMOO0 apud-
METUYECKOIi 3a/1aun) U He OOHApYKWJIU KaKuX-
JINOO 3HAYUMBIX pa3IMuuii B QYHKIIMOHATbHOM
COCTOSTHUU JOOPOBOJBIEB B 3TUX IKCIIEPUMEH-
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Tax (Ta6a. 1). AHaIM3 AHEBHOIO CHA TaKXe I10-
KaszaJl, YTO JJAaTEHTHOCTb 3aChIMaHusl, JaTEeHTHbBII
MEepUoJ, HACTYIUIEHUS TPETbeil CTaauu CHa, a
TakXe JUIMTEJbHOCTb 3TOM CTaauu ObLIU COMO-
CTaBUMBI B JIBYX 9KcIlepuMeHTax. [lojiyueHHbIe
JTAaHHbIE CBUAETEIbCTBYIOT O CXOXEM COCTOSIHUM
JTOOPOBOJIBLIEB MEPe HaYaaIoM KaxKI0ro U3 3KC-
MEPUMEHTOB, U O TOM, YTO Pa3JIUUYUsl B BbIMO-
HEHUM IBYX TUMOB 3a7a4y Npu MPOOYXKIeHUU He
ObLIIM BbI3BAHbI PA3TUYHBIM (HYHKIIMOHATBbHBIM
COCTOSTHMEM HOOpPOBOJBIEB, UX COHJIMBOCTBHIO
JINOO UITUTEbHOCTBIO NIYOOKOTO CHA.

Jloas 6epHO 8bINOAHEHHBIX NPOO

CpenHsisi 101 BEPHO BBIIIOJHEHHBLIX IIPOO
st 3amaun “Kpyxku” coctaBuna 74.8% B 601p-
CTBOBaHMU 10 CHa (mayiee “KoHTposb”) 1 59.3%
Ipu IIpoOYyXKIeHUN, TOraa KaK IJIs 3amadu “Pa-
BEHCTBA” 10JIsI BepHBIX P00 Obl1a 88.3% B KOH-
tpoiie u 80.9% 1nipu mpoOyXKIeHNN. AHAJIN3 JaH-
HBIX ITOKa3aJl, 4YTOo AJis1 00OMX TUIIOB 3a1a4 Cpell-
HSsISI 1OJIsI BEPHBIX P00 ITpHU NpoOyKAeHNH ObLIa
JOCTOBEPHO HIXe, 4eM B KoHTpoJie (p < 0.001).
OnmHako MBI TaKXKe OOHAPYKWIIM, YTO JIOJIST BEP-
HBIX Ipo0 Ay 3amaun “Kpyxxku” Oblj1a 3HAYUMO
HICKe, 4YeM 1S 3aga4u “PaBeHCTBa” maxe B KOH-
tpoiae (p < 0.001). DTo ykaspIBaeT HA TO, YTO 3a-
Jayyd OKa3aJUCh HECKOJBLKO pPa3JIUYHBIMU II0
CJIO>KHOCTHU BBITTOJIHEHUSI, XOTSI MBI IIPEAIIoiara-
JIM UX CXOJICTBO Ha 3Tarie pa3padOoTKU METONUKMU.

YT006bI OLIEHUTh AUHAMUKY BOCCTAaHOBJICHUSI
CITOCOOHOCTHU MPaBUJIBHO pelllaTh KaXKAYIO 3a0a-
4y, MbI IJIs1 Kaxkaoit 13 40 mpo6 rmocuuTaiu 1010
YYaCTHUKOB BKCIEPUMEHTA, BEPHO BBIMTOJTHUB-
LIVX 3aJaHue. DTa J0JIs, OIMChIBAIOIIAS BEPOSIT-
HOCTbh BEPHOTO pEIIeHUS KaXAOU OTAEAbHON
MpoObI, TAKXKE CHUXKAIACh IPY MPOOYKIEHUN, HO
3TO CHIDKEHWE 3aBUCEJIO OT TUMA 3a/1a4M. 3HAUYM-
MO€ CHWXXeHue Ui 3anadu “KpyXKu” Mbl MOTy-
YUJIW IS IEPBOI MOJOBUHBI TIPOO — MPEAbSIB-
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Puc. 2. [luHaMrKa U3MEHEHUsI BEpPOSITHOCTU BEpHOTro peleHus 3agad (n = 26). [To ocu opavHAT — KOJIMYECTBO
YYaCTHUKOB 3KCIepUMeHTa (B MPOLIEHTAxX), MPaBWIbLHO PEIIMBIINX JAHHYIO MPOOY, IO OCU aGCLIMCC — HOMEpP
poObl. ZKNpHBEIMY KpUBBIMY ITOKA3aHbI JIMHUY TOIMHOMMAJIBHOTO TpeHIa cTeneHbio 4. # — p < 0.05.

Fig. 2. The dynamics of change in the probabilities of correct solution of each trial (n = 26). X-axis — the number of
participants in the experiment (in percent), correctly solved this test; Y-axis — the trial number. Bold lines show

polynomial trend lines of degree 4. # — p < 0.05.

JISIBILIMXCS B TedeHUe 1 MUHYTBI OT Havyaua Ipo-
oyxnenus (ons 1, 2, 5, 7, 12, 14-ii u 21-i1 ipo0
p <0.05), a npu pemieHum 3agadu “PaBeHcTBa” —
TOJILKO AJ1s TIepBbIX Opo6 (s 1-i1 u 3-i1 IpoOkI
p < 0.05) 1, YTO UHTEPECHO, MBI OTMETUJIU I10-
BTOPHOE YMEHBIIIEHUE BEPOSITHOCTA BEPHOTO pe-
LIeHUsI Ipo0 B cepearHe BBINOJIHEHUS 3adaun —
11 23—25-i1 n 37-i1 mpo6 (p < 0.05) (puc. 2). Ta-
KMM 00pa3oM, pe3yabTaThl I10Ka3aau, YTO, XOTsI
cpenHee 3HAYEHUE OOJM BEPHO BBIIIOJHEHHBIX
npo0 Opu NpoOYKIEHNUU CHUXKAETCS IS 00enX
3a/a4, YCICIIHOCTb BBIMOJIHEHUS 3PUTEIbHO-
MOTOPHOI1 3a1a4y MPU MPOOYKIEHUN CTPamacT
3aMETHO CUJIbHEE, YeM YCIIEIIHOCTh BBINIOJHE-
HUST apupMeTUIeCKO 3a1a4um.

W3 nanpHeiinero aHaau3a OblIa MCKJIIOUEHA
repBas Mpo6a, MOCKOJILKY A1 Hee Mbl TTOIYYU -
JIX MaJIo JAHHBIX (YUMCJI0 JOOPOBOJIbLIEB, BHIIIOJ-
HUBIIKUX MEpBYylO Ipoldy: n = 9 s 3agadu
“Kpyxku”; n = 3 njs1 3agauu “PaBeHcTBa”), 1mo-
CKOJIbKY JOOPOBOJIBIBI YACTO CHAJIM Ha OOKY M
HE yCIeBaJIM IIOBEPHYTHCA K 9KpaHy U ITO3TOMY
IIPOITYCKAJI €e.

Bpems nepeoii peakyuu

Kaxk 1 oxxunanoch, BpeMs IEPBO peakiyy npu
peleHrM ABYX TUITOB 3adad pa3ivyagoch — JJIs

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

3pUTENTLHO-MOTOPHOM 3amaun “Kpyxku” gBura-
TeJbHBIC peakUWy PErucTPpUPOBAINCH pPaHbIIE,
yeM 1d 3aga4yu “PaBeHctBa”. CpemHee BpeMsI pe-
akouy g 3agadu “Kpykkn” B KOHTpoJe CO-
crasuiio 1.0 = 0.52 ¢, a mpu NpoOyKIeHUU —
1.1 £ 0.62 ¢; B TO BpeMs KakK CpelHee BpeMsI Iiep-
BOM peakliMy IIpU BBIITOJIHEHMU 3adauu “PaBeH-
crBa” coctaBwio 1.4 = 0.46 ¢ n1gd KOHTPOJII U
1.5 = 0.45 ¢ o1t mpoOyxaeHus. Takoe pasamamne
OOBSICHSIETCSI TEM, UTO 3pUTEJIbHO-MOTOPHA 3a-
nmaya “KpyxXku” TpeboBajia paHHETO pearnpoBa-
HUSI M MOOCTOSSHHOIO MOTOPHOIO YIpaBJIeHUS
JIBVKYIIMMCS KPY>KKOM, B TO BpeMsI KakK IIpU pe-
IIeHUN 3amaym “PaBeHCTBa” MCHOBITYyEMBIE ITO-
BOpaYMBaId KOJIECUKO MbIIIN-KOJbIA TOJLKO
Ha 3aK/JII0YUTEIbHOM 3Tane — AJj1s BBOJA OTBETA.

B 3agaue “Kpyxku” npu npoOyXKaeHUU Bpe-
MsI TIEPBOW MOTOPHOI peakIUy Ha TIOSIBJICHUE
cTUMYyJia ObUIO B CPEIHEM HECKOJIBLKO BHIIIIE, UEM
B OonpcTBOBaHUM, ogHako aHainu3 ANOVA no-
Kaszall, YTO Pa3anyusl MEXIYy 3TUMU COCTOSTHASIMU
3HAUYMMBI JTUIIb Ha ypoBHe TeHaeHmu (F(1, 20) =
= 3.2214, p = 0.08). UT0OHBI OLIEHUTh TUHAMUKY
BOCCTaHOBJIEHUST CMIOCOOHOCTM pellaTh 3a1ayu,
MBI pa3faeIdIv Bce IMPOOkI Ha 3 TpymIikl 110 13 11po6:
¢ 2-it ipoObI 10 14-10 BKIIIOYMTEIBLHO, TO €CThb
MpoObI, KOTOpPblE MNPEIbIBISINCH, B TEUYECHUE
nepBbIX 40 ¢ 1Tocie IPoOYKAeHUs; TpOoOkI ¢ 15-1i
Ne 6
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Puc. 3. PesynbraTthl nucnepcronHoro aHanuza ANOVA 1151 TIOBTOPHBIX U3MEPEHUI TSl B3auMoaeiicTBus hak-
TOPOB “cocTostHue” X “rpyrmbl Mpo6” (a) 1 U3BMEHEHUs] BpeMeHHU TiepBoii peakiuu (0) mis 3amad “Kpyxku” u
“PaBencTB” (1 = 26). I1o ocu opavHAT — BpeMsl IIepBOii peakLiuu (CeK), 10 0CsIM abCLIUCC — IPYIIILI P06 (a) 1 HOMep
npoOkI (0). ZKUpHBIMU KPUBBIMU TTOKa3aHbI JMHUM MMOJIMHOMUAJIBHOIO TPpeHIa cTereHblo 4 it MenuaH. # — p < 0.05.
Fig. 3. Repeated measures ANOVA results for factor interactions “State” X “Trial groups” (a) and changes in the
first reaction time (6) for the motor task “Circles” and the cognitive task “Equalities” (n = 26). X-axis — the first
reaction time (sec), Y-axes — the trial groups (a) and the trial number (6). Bold lines show polynomial trend lines of

degree 4 for median. # — p < 0.05.

no 27-10 BKIIIOYUTEIILHO — IIPEIbSBIISIBIINECS
npumepHo ¢ 40-1i mo 80-10 CeKyHIbI OT MOMEHTA
npoOyxaeHus; U IpoOkul ¢ 28-i1 o 40-10 BKIIIO-
YUTEIbHO — IIpeabaBIIsiBIINEcs rmocie 80-1i ¢ pe-
meHus 3agadu. JAByxdakropHbeiit ANOVA “co-
cTosTHME” X “TpyITel Tpo0” He BHISIBUJI B3aTMO -
nericTBus Mexny 3TuMu (paktopamu (F(2, 40) =
=0.30420, p = 0.74), TO ecTb BpeMsl IepBOIi pe-
aKIIMU OCTaBaJI0Ch IPUMEPHO OJMHAKOBBIM KaK
B KOHTPOJIE, TaK U MpU IIPOOYXKICHUY B TEYCHUE
BBINIOJIHEHUS Bceli 3agaun (puc. 3 (a)).

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

TOM 73

Hng 3amaun “PaBeHcTBa” BpeMsl peaklnU B
CpemHEM TakKXe HE OTJIMYAJIOCh OT KOHTPOJIS:
F(1,20) =1.1142, p = 0.30 mo ANOVA, — onHaKo
B IMHAMHWKE CKOPOCTb OTBETa MpU IPOOyXKIe-
HUM BOCCTaHaBJIMBajlach HEJIMHEHO. AHAIU3
ANOVA noka3zaJji CTaTUCTUYECKH 3HAUMMOe B3a-
nMojaeiicTBue (pakTopoB “cocTosTHrEe” X “Tpym-
bl 1po6” (F(2, 40) = 3.4973, p =0.04): o5 nep-
BBIX 13 Ipo0 BpeMs peakiiiy ObLIO OOJIbIIE, YeEM
B KOHTpPOIJIE, HO IIJIsI BTOPBIX 13 — MeHbIIIe. ATo-
CTEPUOPHBIII aHaIM3 C IIOMOIIBIO KpUTEPUS
Bunkokcona noarBepaui, 4yTo 1 npoo 3, 28 u
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29 npu npoOyKIeHUU BpeMsl peakliuu ObLIO 10-
CTOBEPHO BHIIIIE, YeM B KOHTPOJIE, a IS IIPOOBI 21 —
Hike (p < 0.05) (puc. 3 (0)).

llokazamenu 3pumenbHo-MomMopHOU KOOPOUHAUUU

YTOOHI OLIEHUTHh TUHAMUKY BOCCTAHOBJICHUS
CIOCOOHOCTY TOHKOTO YIPaBJICHUS IBVKYILIINM-
csl KPYXXKOM, MBI paCCUMTBIBAIM TOJIIO €T0 pe-
3YJIBTUPYIOIIEil TpaeKTOPUU, KOTOpask HaXOIM-
JIaCh BHYTPM ONTHUMAJILHOTO KOPHUAOpPa BOKPYT
MPSIMOI, COSIMHSIONIEH TOYKY BbIJIeTa KPy>KKa 1
ero ueiab (puc. 1 cnepa). Ilpu mpoOyxmeHuun
CpenHssI IOJIsl ToITagaHusl B ONITUMAaIbHBIN KO-
punop — 67.3% — OblJIa 3HAYMMO HILKE, YeM B
KOoHTpoJie — 78.5% (10 KpUTEepHIO COIJIaCHs Ja-
crot, p < 0.001). Ananu3z ANOVA moxka3san cTta-
TUCTUYECKU 3HAUMMOE B3aMOACUCTBIE (haKTo-
poB “coctosiHue” X “rpynnsl npo6” (F(2, 48) =
= 6.8216, p = 0.002) — moJist TPa€KTOPUHU B ONITH-
MaJIbHOM KOpUIOpe ObLIa HILKE, YeM B KOHTPOJIE
Ha TPOTSDKEHWM BCETO IIPOOYXKIEHYsI, YTO OBLIO
MTOATBEPXKICHO aroCTEPUOPHBIM AaHAJIM30M ISt
nepBbIX 10 Ipo6, a Taxcke mrd 21-i1, 23-it n 32-i1
npoonl (p < 0.05) (puc. 4 cnepa).

Taxkeke MbI OLIEHMBAIN YUCJIO KOPPEKTUPYIO-
X “IOOKPYTOK” W IOJIIO BEPHBIX W3 HUX.
CpenHsd 00JIsT BEPHBIX “TTOIKPYTOK” OT OOIIIETO
yuclia Obl1a 3HAYMMO HMXKE IpU IIPOOYXKICHUU
(65.7%), uem B koHTpoJste (70.8%) (p = 0.01, o
KpUTEPUIO coriacus 4acTor). B cpenHem oO1iee
YUCI0 KOPPEKTHUPYIOIINX “TIOAKPYTOK” TIpH
nmpoOyxaeHnu (6 + 3 “nmoakpyTku’) IpakTU4de-
CKU HE OTJIMYaIOoCh OT KOHTpoJs (7 £ 3 “mon-
KpyTku”). Ho B nuHaMuke oOHapyXWJIMCh OT-
JIAYUST — JJTST OOIIeTo Yrcia “TOAKPYTOK” € TO-
MomIbio AByxdaktopHoro aHann3a ANOVA MbI
MHOJYyYMJIM, UTO UX OBbLIO MEHBIIIE ITPU MPOOYK-
JeHuu ajist 1-1i 1 2-ii rpymmn npo6, 4eM B KOHTPO-
ne (F(2, 48) = 4.2690, p = 0.020). MuTepecHo,
YTO B KOHTPOJIE YUCJIO “TIOAKPYTOK” IOCTEIICH-
HO YMEHbIIIAJI0Ch OT 1-ii rpymibl Ipob K 3-i, To
€CTb B HavaJjie BBIMIOJHEHUS 3a1a4M JOOPOBOIb-
LBl Yallle KOPPEeKTUPOBAIM TPACKTOPUIO, UEM B
KOHIIe. AIIOCTepUOPHBIM aHalu3 MNOATBEPINU
3HAYMMOCTb oTiimuuii oud 1, 4, 13, 19, 20, 24-itn
37-11 mpo6 (p < 0.05) (puc. 4 cripasa).

CnekmpanvHulil aHanu3s

CraTrcTuyeckoe CpaBHEHUE TaHHBIX CIIEK-
TpaJbHOTO aHaJn3a B OOAPCTBOBAHWM, B HaYaje
npoOyXaeHus (Koraa BBITTOJIHEHWE 3aJa4M Bce
ele ObLIO 3aTPYAHEHO) U B KOHLIE TIPOOYKIEHUS
(Korma BBITIOJIHEHWE 3aa4 CTIO0 CTAOUIbHBIM)

KYPHAJI BEICHIEW HEPBHOW OEATEJIBHOCTHU

COJIOBBEBA u np.

M0Ka3aJjio pa3jInuue B CIEKTPaJIbHOM MOIITHOCTH
pa3HBIX YaCTOTHBIX JUAITa30HOB B 3TUX TPEX CO-
CTOSTHUSIX. Pa3nuuusg B crieKTpajabHOII MOIIIHO-
CTH IJIs1 BCEX TMAIlIa30HOB HE 3aBUCEIN OT TUIIA
3aJ1a4yi, II0O3TOMY JJIS aJbHEHIIIero aHaJIM3a MBI
O0OBEIMHUIN JaHHBIE o0eux 3amad. AHaIu3
ANOVA mioka3zaii, 94To CIieKTpajbHasi MOLITHOCTh
Bcero anbda-auana3zoHa OblIa 3HAYMMO BBIIIIE
IpU NpoOOYKIeHUU, YeM B OOIPCTBOBAHUU: IS
anbda-1 (8—10 I'n) (F(2, 50) = 17.181, p < 0.001),
g anbda-2 (10—12 T'm) (F(2, 50) = 17.155, p <
<0.001) u gna anpda-3 (12—14 TI'm) (F(2, 50) =
= 21.653, p < 0.001). AmocTepuOpHBIii aHAJIN3 C
MOMOIIIbI0 KpuTepusi BuJIKokcoHa moATBepauU
3HAYMMOCTb YBEIUYEHUSI CHOEKTPAJIbHOM MOIIl-
HOCTHU ajib(pa-aKTUBHOCTU BO BCEX OTBEASCHMSIX
npu npodbyxaeHun (p < 0.05) (puc. 5 caesa).
MNHTepecHo, 94TO 3Ta MOIITHOCTH ObIJIa BHICOKOM
He TOJILKO B Hayajie MPOOYyXKIeHUsI, KOrjaa Bbl-
MoJIHEHUE 3a7a4d ObLIO ellle 3aTPYyJAHEeHO, HO U B
ero KoHIIe, Koraa CliocOOHOCTh pelliaTh 00a Tumna
3ala4  yxe BoccTaHoBuiaach. CHekTpajibHast
MOIITHOCTB OeTa- 1 -muana3zona (14—24 I'n) Takke
OblJIa IOCTOBEPHO BhbIllIe KaK B Hayalle, TaK U B
KOHIIE TpPOOYXISHUSI, YeM B OOOpPCTBOBAaHUU
(ananmu3z ANOVA F(2, 50) = 25.829, p < 0.001),
YTO OBLIO MOATBEPKIACHO allOCTEPUOPHBIM aHa-
Ju3oM g Bcex otBeaeHuit (p < 0.05). Mom-
HOCTb Kak JieJibTa-1-, Tak U AeibTa-2-auarna3oHa
OblIa BBIIIIE B Hadajie MPOOYXIACHUS U CHMKA-
Jlach K €ro KOHILY, TO €CTh KOIJla BOCCTaHaBJIMBa-
JlaCh CITOCOOHOCTh BEPHO pelliaTh INPeabsBiIsie-
mble 3amauu: F(2, 50) = 25.251, p < 0.001 s
nenwTa-1 (0.5—2 I'm) u F(2, 50) = 28.759, p <
<0.001 gng penpra-2 (2—4 Itr). 3HAYMMOCTH
9TUX M3MEHEHUI OblIa TakKXKe MNOATBEpXKIeHa
anoctepuopHbiM aHaiauzoM (p < 0.05) Bo Bcex
OTBEJICHUSX JJIs1 AeibTa-1-auana3oHa (B Havaie
NpOOYXKIAESHUST OTHOCUTEIBHO OOIPCTBOBAHMS U
KOHIIa MpoOYyXaeHUs) U B 9 OTBeAeHMSIX IJIs
nenbra-2-guamnazona (F3, P3, Pz, P4, O1 B Haua-
Jie TIpOOYXKIEeHUSI OTHOCUTEJIbHO OOIpPCTBOBA-
oug u F3, Cz, P4, O2 B Havane npoOyKIeHUs
OTHOCHUTEIBHO €ro KoHI1Ia) (puc. 5 cipaBa).

OBCYXIEHUWE PE3YJIbTATOB

ITonyyeHHBIE HaMU pe3yabTaThl IMOKa3aJlH,
YTO B CPEOHEM B T€UEHHE MEPBBIX TBYX MUHYT
nociae (POpPCUPOBAHHOIO IMPOOYXKIEeHUs M3 3-i
CTaauy THEBHOTO CHA YYACTHUKU SKCIEPUMEH-
Ta Xy>e CIPaBJISUIUCH C 3aJa4aMU 110 CPAaBHEHUTO
C KOHTpoJieM (BO BpeMsi 0OApCTBOBAaHUS TMEPEN
cHoM). CpenHsisa NOJs BEPHO BBINOJTHEHHBIX
npo6 u B 3agaue “KpyXku” Ha 3pUTETbHO-MO-
Ne 6
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Puc. 4. PesynbraThl nucnepcroHHoro aHanuza ANOVA 11 TIOBTOPHBIX U3MEPEHUI IS B3auMoaeiicTBus ak-
TOPOB “cocTostHUEe” X “TpynIibl Mpo6” (a) u AMHAMUKA BOCCTAHOBJIEHUS 3pUTE/IbHO-MOTOPHOM KoopAaruHaL1u (6)
npu peieHuu 3agaun “Kpyxku” (n = 26). [To ocaM opauHAT — J0JISI TPACKTOPUU, HAXOAUBIIEHACS B ONTUMAJIb-
HOM Kopuaope (B mpoleHTax) (cjeBa) 1 o0I11ee YUCIo “ToaKpyTOK” (cmpaBa), O OCsSIM aOCIIUCC — TPYIIIBI IIPOO
(a) 1 HoMep T1poOkI (6). OcTanbHbIe 0003HAUYEHMST KaK Ha puc. 3.

Fig. 4. Repeated measures ANOVA results for factor interactions “State” X “Trial groups” (a) and the dynamics of
restoration of hand-eye coordination (6) in the motor task “Circles” (n = 26). X-axes — change in the proportion of
the trajectory that hit the optimal corridor (in percent) (left) and the total number of “spins” (right), Y-axis — the
trial groups (a) and the trial number (6). Other designations as in Fig. 3.

TOPHYIO KOOpIMHALIMIO, 1 B 3anadue “PaBeHcTBa”
Ha apudMeTUYSeCKMI cueT Obljla HIXKE, YeM B
KoHTpoJie. CHI>KeHBI OBIJIM 1 TaKMe IToKa3aTeIu
3PUTEIIbHO-MOTOPHOM KOOPAMHALIMU, KAK CIIO-
COOHOCTb YACPKUBATh IBWKYILIUICS OOBEKT B
ONTUMAaJIbHOM KOPUAOPE, a TAKXKE J0JIsI BEPHBIX
KOPPEKTUPYIOIINX “TIOOKpPYTOK”’. OIHaKO Bpe-
MS IIPOCTOM MOTOPHOM peaKlMM Ha MOSBJICHUE
3PUTEIILHOIO CTUMYJIA JIMIIL HA YPOBHE TEHICH-
LU OBLJIO HUXKE, YeEM B KOHTPOJIE.

Ananus JMUHaAMUWKU BBITTOJIHEHUA 3aJa4 ITOKa-
3aJ1, YTO MPOCTHIC MOTOPHLIC p€aKIIMM Ha ITOABJIC-

XYPHAJI BBICIIIEM HEPBHOM JEATEIBHOCTU

TOM 73

HUE 3PUTEIHLHOIO CTHMYJIa BOCCTAHABIMBAIOTCS
IIpU TIPOOYKIACHUM MPAKTUIECKU Cpasy Xe — B Te-
yeHue 4 ¢c. OgqHako 6osiee CI0XHbIE (PYHKIIMU —
TOHKAasI 3pUTEILHO-MOTOpPHAsI KOOpAWHALIMS W
a0CTpaKTHOE MBIIIIJIEHUE — BOCCTAHABIMBAIOTCS
3HAYUTEJIbHO TTo3ke. Tak, CmoCOOHOCTDh OLIEHU-
BaTh BEPHOCTh apu(PMETUIECKIX PaBEHCTB B 3a-
nadye “PaBeHcTBa” BOccCTaHaB/IMBajldach B Teue-
Hue 10 ¢ mocyie mpoOyKaeHus — HauuHas ¢ 4-i
IMPOOKEI BEPOSITHOCTb BEPHOTO pEIIeHMs 3adadyn
yXe He OTJIM4ajiach OT KOHTpoJiss. Ho mpu atom
no 14-it ipoOnI (B TeueHue, npumepHo, 40 c)
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00euX 3a1a4 yCpenHEeHHbIE 10 BceM OTBeneHUsIM (1 = 26). [1o ocu oparHat — MomHocTb (B MKB2). * — p < 0.05.
Fig. 5. Repeated measures ANOVA results for alpha- and delta-power in both tasks averaged over all leads (n = 26).

X-axis — the spectral power (uV?). * — p < 0.05.

CKOPOCTb pelleHMs 3aJayu ocTaBajlach 3aMel-
JIEHHOIA.

HMuTtepecHO, YTO BOCCTAHOBJIEHUE CIIOCOOHO-
CTU pellaTh 3amauy “PaBeHcTBa” IMPOUCXOIUIIO
HEeJIMHEeHO: Yepe3 MUHYTY Mocjie MPOoOYyKIeHUS
(Ha 23—25-1i1 mpobax) BEpOSITHOCTb BEPHOTO pe-
IIEHUsI TIOBTOPHO CHUXKAJIaCh, XOTSI CKOPOCTh
pelIeHus B 3TO BpeMsl MapagoKCcaIbHbIM o0pa-
30M OKa3ajlaCh HECKOJIbKO BBIIIIE, YeM B KOHTPO-
Jie (CTaTUCTUYECKW 3HAYMMO I MpoOwl 21), a
BbIMOJTHEHUE P06 28 1 29 cHOBa 0Ka3ajlocCh 3a-
MelJIeHHbIM. B nuteparype ecTb 1aHHbIE O HEJ-
HEITHOM TMOBBIIIIEHUY aKTUBHOCTU HEIPOHAJIBHBIX
cUCTeM, obOecrieurBaloIIMX ToaaepXXaHue Oonp-
CTBOBaHUSI, BO BpeMsI MpoOyxneHus (IJ1s1 od630pa
cM. (YkpauHueBa, ConoBbeBa, 2023)). B oTiu-
Yyye OT 3achblillaHus, Mpoliecc MPOOYXKAECHUST He
SBJSIETCS TIJIaBHBIM, a HaYMHAeTCs C BCILJIecKa
KaK BereTaTMBHOW, TaK W 0Olleil akTUBaLUU
(arousal), peBBIIAIOIIETO YPOBEHbD, XapaKTep-
HBII U1 CIOKOMHOTO 601pcTBOBaHMs. B cBSI3n
C 9TUM, KaK ObLJIO MOKa3aHO B UCCIEIOBAaHUM pe-
diekca B3gparuBaHus Ha Kpbeicax (Horner et al.,
1997), B niepBble CEKYHIIbI TTOCTIE MPOOYKICHUS
LIEeHTpaJbHasl HEpBHasl CUCTEMa HaXOJIUTCS B CO-
CTOSIHUU TIOBBILLIEHHOU TOTOBHOCTH K pearupo-
BaHUIO Ha BHEIIHUE CTUMYJbl. Bo3aMoxHO, Ta-
KO BCIuiecK arousal puBes K MOSIBJICHUIO B Ce-
penuHe 3agadyu “PaBeHcTBa” 0o0Jiee OBICTPBIX,
yeM B KOHTpOJIe, U, MO-BUAUMOMY, OOjiee UM-
MyJIbCUBHBIX peakiuii. Ha moBbIllIeHHBII arous-
al MOXXeT yKa3bIBaTh TaK>Ke BbICOKAs CIIEKTPaJIb-
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Hasi MOIITHOCTh OeTa-auarna3oHa, KOTOPYIO MBI
OOHApYXWJIM KaK B Hadase MpoOykKaeHUs (TIpu
BBITIOJTHEHUHY MEPBBIX 5 TIP00) TaK 1 B KOHIIE (BO
BpeMsI BBITIOJTHEHUST TTpo0 25—35).

BoccraHoBineHue crnocoOHOCTM BEpPHO pe-
math 3amauy “Kpyxku” mnpowncxoamio 0Oojee
JuHeiiHo. OgHAaKoO, HECMOTpPS Ha TO, YTO BpeMsI
MIPOCTOM CEHCOMOTOPHOI peakliMy Ha IOSIBJIC-
HUE IBUKYILETOCs KPY>KKa yxKe Ha 2-11 Tpo0e He
OTJIMYAJIOCHh OT OOAPCTBOBAHUS, BCE IIOKA3aTeIn
TOHKOM 3pUTEIbHO-MOTOPHOI KOOpAMHALIUU
JOCTUTaJI KOHTPOJBbHOTO YPOBHS IOJIbIIIE, YEM
nokasatenu B 3amadye “PaBeHcTBa”. B TeyeHue
IEPBOIl MUHYTBI MOCJIE MPOOYKICHUS BEPOSIT-
HOCTb IPUBEAEHMS OOBEKTA B 11Ie7Tb B 7 Ipobax n3 21
ObLlIa 3HAYMMO HUXe, YeM B KoHTpoJie. CIioco0-
HOCTb yIepXUBaTh OOBEKT B ONTUMAIbHOM KO-
puaope BOCCTAHABIMBAJIAChH €IlIE NOJbIIEC — B
KOHIIEe BBIITOJIHeHUS 3aaa4u. Q0111ee KOJIUISCTBO
KOPPEKTUPYIOIIMX “TIOOKPYTOK” TOXE MEHSIJIOCh
Opu MNpoOyXIeHWU: CHayaja OHO ObLIO 3HAYM-
TEJILHO HMKE, YEM B KOHTPOJIE, U TOJIBLKO K KOHIIY
3a4a4yy JOCTUIJIO KOHTPOJIbHBIX 3HAYCHUIA.

Takum ob6pazoMm, eciu TIPOCTON MOTOPHBIN
OTBET Ha TOSIBJIEHNE 3pUTEIbHOTIO CTUMYJIa BO3-
MOXEH YK€ B ITIepBbl€ CEKYHIbI MPOOYXKIECHUS U3
3-if cranuu cHa, TO CMMOCOOHOCTh BEPHO U OBICT-
po peliaTh apuMeTUIECKyIo 3a1a4y, Tak Ke Kak
U CIIOCOOHOCTb TOUHO YMPABISTH IBUXKYILIMMCS
00BEKTOM, BO3BPAIAIOTCS 3HAUYUTEIBHO MO3XKe.
[Mo-BuauMoMmy, 3TO MOXeT ObITh CBSI3aHO C TEM,
YTO MpPOOYXIeHUE CEHCOPHBIX 1 MOTOPHBIX 30H
Ne 6
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orepexaeT NpooyxaeHne accounaTuBHbIX (Pe-
ter-Derex et al., 2015; Alcaide et al., 2021). B pe-
3yJbTaTe, KaK HeIaBHO ObLIO IT0OKa3aHO, aBTOMa-
TUYECKME, TOCO3HATeJIbHbIC peaKlMU Ha BHEIII-
HUIA CTUMYJI TOSIBJISIIOTCS 3HAYMTEILHO paHblIIe,
yeM oco3HaHHbIe (Liaukovich et al., 2022) — na-
2Ke 110 TIOSIBJICHM S JOMUHUPYIOIIETO ajib(a-put-
Ma B D3I, Bo3aMOXHbBINI MeXaHU3M TaKOI'o MO-
3TAalHOIO BKJIIOYEHMS IPOCTHIX, a 3aTEM CJIOXK-
HBIX peakiivii, CKopee BCEro, BbIpadoTajcs B XO/Ie
9BOJIIOLINKM, MO3BOJSISI OBICTPO CpearupoBaTh Ha
YIpO3y, 3aCTUTIIYIO XKUBOTHOE BO CHe. OH mpearno-
JlaraeT MaKCHUMaJbHO OBICTPOE BKJIIOUEHME IIPU
NpoOyXIeHUN TIEPBbIX, AaBTOMATUYECKMX peaK-
Ui, KOTOpble MOTYT OBITb C(OPOPMUPOBaAHBI 0O€3
y4yacTusl acCoOLMaTUBHBIX 30H Kophbl. bojee
CJIOXKHBIE, OCMBICJICHHbIE M CKOOPAMHUPOBAH-
HbI€ peaKIMy Ha CTUMYJIbI, TPEOYIOIIMEe y4acTusl
acCoOLMaTUBHBIX 00J1aCTel, BKIIIOUAIOTCS TTO3XKeE.
ITo-BUIMMOMY, 3TO CBSI3aHO C TEM, UYTO B OOIp-
CTBOBAaHUU aCCOLIMAaTUBHbIE 30HbI XapaKTepu3y-
IOTCSI CaMbIM BBICOKMM YPOBHEM MeTa0oJuye-
CKOIl aKTUBHOCTU, BCJEACTBUE BTOr0 MMEIOT
HauOoJjiee BBICOKOE€ TOMEOCTaTUUYeCKOE JaBjie-
HHWE CHa W, B UTOTe, TpeOYIOT OOJbIlIe BpeMeHU
1 mpooyxneHud (Braun et al., 1997).

Bo Bpems 3-i1 craguu CHa B Kope Ipeo0dJiaaa-
€T BbICOKOAMIUJIMTYIHBIN AeabTa-puTM. DTa aK-
TUBHOCTb XapaKTepU3yeTCsl BBICOKON CHUHXPO-
HU3alMel U CTepEOTUITHOCThIO BO BCEX OTAEIax
Kopkl (Steriade et al., 2001), oHa mpensITCTByeT
obpaborke nHpopmauuu (Kosanws3on, 2012), u
€€ MOIIHOCTb KOppEeJMPYeT CO CTENEHbIO yTHe-
TeHus1 cozHaHus (Trotti, 2017). Ilpu mpoOyxme-
HUM 3Ta aKTUBHOCTh Mcye3aeT B DOl He cpasy —
HalllM pe3y/IbTaThl ITOoKa3aau, YTO B TeYEHUE Tep-
BbIX 15 ¢ (BO BpeMsI BEIIIOJTHEHMS TIEPBBIX 5 MIPO0)
MOIIIHOCTb AeJbTa-puTMa OCTaBajlach BCeE ellle
MOBBIIIIEHHON HECMOTpPsI Ha TO, YTO B 3aIllMiCHU
npeobnagan aibpa-puT™M. MOXHO MpeaNnoao-
KUTh, YTO, KOT/Ja YeJIOBEK ellle He MOJTHOCTbIO
BBIIIEST M3 COCTOSIHMSI CHA, O4aru JIOKaJbHOTO
0OIPCTBOBAaHUSI B CEHCOPHBIX U MOTOPHBIX 30-
Hax JI0CTaTOYHBI JJIsI OCYILIECTBJIEHUS MTPOCThIX,
aBTOMaTUYECKMX peaklvit Ha ctumyia. Ho, mo-
CKOJIbKY KaK U151 apu(pMeTHUeCKOro cuera, Tak u
JUJISI TOUHOTO 3pPUTEIbHO-MOTOPHOTO MaHUITYJ M-
poBaHUsI HEOOXOAMMa aKTUBALIMs HE TOJIBKO MO-
TOPHBIX 00JIaCTE KOpbl, HO U aCCOLIMAaTHUBHBIX,
TO BBITIOJITHEHUE 3TUX 3a7a4 Ha BHICOKOM YPOBHE
TpebdyeT 0ojiee MOJTHOIO NpodyxaeHus. Bo Bpe-
MsI BBITIOJIHEHUST Mpo6 ¢ 25-i1 o 35-10, Koraa
rokKaszaTeju pelleHusT ob0eux 3anady JTOCTUTIU
KOHTPOJbHOTO YPOBHSI, MOIITHOCTD JI€JIbTa-pUT-
Ma CHU3UJIACh U YXXe He OTJInYaiach OT MOIIIHO-
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CTU B OoapcTBoBaHMU Tiepen cHoM. [loaTomy
MOXHO 3aKJII04YWUTh, YTO AJsSI BOCCTAHOBJICHUS
CITOCOOHOCTU K aO0CTpakKTHOMY MBbIIIJICHUIO U
TOHKOMY 3pUTEIbHO-MOTOPHOMY MaHUITYJIUPO-
BaHMIO MPU MPOOYKIEHUU HETOCTATOYHO TTOSIB-
JIEHUSI peryJIsipHoOi ajibda-aKTUBHOCTU B DT,
HO HEOoOXOAWMO ellle CHUXKEHUE MOIIHOCTHU
JieJibTa-puTMa.

HMHTEepecHO, 4TO TIpU MPOOYXKICHUU CIICK-
TpaJibHasi MOIIHOCTh ajbda-amara3oHa Oblia
3HAYMMO BHIIIIE CBOETO YPOBHS B OOIPCTBOBAHUM
0 CHA U BCE ellle OCTaBajach IMOBBIIICHHON Ha
BTOPOI MUHYTE peleHns 3agad (TpoOkI ¢ 25-11 o
35-10) HECMOTpPS HaA TO, YTO 00e 3amaun JOOpo-
BOJIBIIBI PEIAJIM C OTKPBITHIMU TJ1a3amMu. Bepo-
SITHO, TIOBBIIIIEHWE MOIIHOCTH aibda-puTMa
MOXET OOBSICHSITBCS OOIEeit TeHASHIINE K TH-
MMEPCUHXPOHU3ALNYN OMO3JIEKTPUIECKOIT aKTUB-
HOCTM MO3Ta, XapaKTEepHOW IUIsI CHa, KOTopas
COXpaHsIETCS KAKOe-TO BpeMsl U IIpU MTpoOyXKe-
Huu (JleBkoBuu, 2022).

OnHaKo cieayeT OTMETUTh, YTO OOHApYKeH-
Hble HAMM WU3MEHEHUS CIIEKTPAJIbHOII MOIIHO-
ctu D3I npu NpoOYKIeHWN OMUCHIBAIOT TJIO-
OasbHbIe CABUTH (DYHKIIMOHAJIBHOTO COCTOSTHUS
BCEro HeoKopTeKca. B manmpHeiilmeM mpencrTan-
JISIeTCs 11eJIeCO00pa3HbIM COIMOCTABUTH BOCCTA-
HOBJIEHHME TPOCTBHIX M CIIOXHBIX (pOpM TOBee-
HUSI TIPU TIPOOYKACHUM C JTOKAJbHBIMU Pa3JIv-
YUSIMU B CKOPOCTU aKTUBAIIUM aCCOLIMATUBHBIX
1 CEHCOMOTOPHBIX 00J1aCTeil KOPHI.

SAKJIIOYEHHME

Kaxk nokaszanu noiay4eHHbI€ pe3yabTaThl, pa3-
Hble acMeKThl pellieHusl 3a1a4y Ha abCTpakKTHOe
MBILIJIEHUE U Ha 3pUTEIbHO-MOTOPHYIO KOOPIU -
HalIMIO MPU NPOOYXKIeHUU U3 3-i1 cTaauu THEB-
HOTO CHa BOCCTaHaBJIMBAIOTCSl HE OJMHOBPEMEH-
HO U B YacTu ciyyaeB HenuHeliHo. Ecnu cko-
pPOCTb MPOCTOTO MOTOPHOTO OTBETA Ha CTUMYIJI
JIOCTUTAeT YPOBHSI OONPCTBOBAHUSI MpaKTUye-
CKM cpaszy Tocjie MpoOyXXAalIIero CUrHaia, To
BOCCTAHOBJIEHUE CIOCOOHOCTU ONpPENEssiTh Bep-
HOCTb WJIM HEBEPHOCTb apu(MeTUYeCKuX pa-
BEHCTB, a TAKXKe TOYHOTO YIIPaBJIEHUS TPACKTOPH -
eii IBuXyuierocsi oobeKTa TpedyeT 3HAYUTEIBHO
Oousibilie BpeMeHU. Takske Halllyd pe3ybTaTbl CBU-
JETEJIbCTBYIOT O TOM, YTO JUIs BOCCTAaHOBJIEHUSI
MPU MPOOYKIEHUN aOCTPAKTHOTO MBILLJICHUS U
TOHKOTO 3PUTEJIbHO-MOTOPHOTO MaHMITYJIUPO-
BaHUSI HEIOCTAaTOYHO TMOSIBJICHUSI PEeryJIsipHOM
alb(a-akTUBHOCTU B DBI, HO HEOOXOAMMO ellle
CHUXXEHME MOLIHOCTHU JIeJIbTa-pPUTMA.
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BbIBO/IbI

1. IIpn mpoOyXIeHUM CKOPOCTb MOTOPHOM
peaklMM Ha MOSIBJIEHUE 3PUTEbHOIO CTUMYJia
BOCCTaHaBJIMBAETCS TIOUTH Cpa3y — B TeUeHUeE 4 ¢
rnocJjie NpoOyKaaroIero curHaa.

2. IIpu npoOyXIeHUHU CIIOCOOHOCTDH BBIIIOI-
HSITh 3aJa4v KaK Ha aOCTpakKTHOE MBIILJIEHUE,
TaK U Ha 3pUTEIbHO-MOTOPHYIO KOOPIWHALINIO
CHIXXEHa 1 BOCCTAHABJIMBAETCS IIPUMEPHO 4e-
pe3 40 (1 3amayu Ha apuPMETUISCKUI CUET) U
60 (mns1 3amauM Ha ynpaBJeHUE IBVIKYLIMMCS
00OBEKTOM) CEKYH]I MTOCJIE TTPOOYXKAAIOIIETO CUT-
HaJa.

3. Ilpn mpoOyxXmeHUu B TeUyeHUE TEPBBIX
1.5 MuH coxpaHseTcs Ooyiee BBICOKas, 4eM B
0OIpPCTBOBAaHUM, CIIEKTpaJIbHASI MOIITHOCTD aJTh-
¢da- n 6eTa-aKTUBHOCTH.

4. ITpu npoOyXAeHUHU B T€UeHUE MEPBHIX 15 C,
[IOKa CIIOCOOHOCTH BBITIOJHATH 3aJadyyd Ha ab-
CTPAKTHOE MBIIICHUE U Ha 3PUTEIILHO-MOTOP-
HYI0 KOOpAMHALIMIO 3aTpyJHeHa, OTMeYaeTcs
MOBBIILIEHHAS CIICKTPaJibHasi MOIITHOCTD AeIbTa-
nuamna3zoHa. BocctaHoBieHME CITIOCOOHOCTU pe-
1IaTh 06a TUMa 3a1a4 CONPOBOXIAETCS CHIKE-
HUEM MOIIIHOCTHU AeJIbTa-aKTUBHOCTU.
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MOTOR CONTROL AND COGNITIVE FUNCTIONS RECOVERY DURING
FORCED AWAKENING FROM SLOW-WAVE DAYTIME SLEEP
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The recovery mechanisms of various forms of behavior upon awakening from sleep are still not well
understood. In this work, we investigated the recovery of simple motor reactions to visual stimuli,
fine hand-eye coordination, and abstract thinking upon awakening from the deepest, SWS stage of
daytime sleep. Subjects were offered two types of tasks: visual-motor tasks in which it was necessary
to control a moving object; and arithmetic, in which it was necessary to determine the correctness
of the proposed equalities in wakefulness before sleep and during the first 2 minutes of awakening
from sleep. The results obtained showed that the speed of a simple motor reaction to the appearance
of a visual stimulus reached the wakefulness level almost immediately after awakening (within 4 sec-
onds), while the restoration of the ability to determine the correctness or incorrectness of arithmetic
equalities, as well as the ability to accurately control the trajectory of a moving object required much
more time: about 40 seconds (in the arithmetic task) and 60 seconds (in the visual-motor task). The
power of the alpha-rhythm upon awakening was higher than in wakefulness. Delta-rhythm power
was increased only at the beginning of awakening while task performing was difficult, and in the sec-
ond minute of awakening the delta-rhythm decreased when task performing was restored. Our data in-
dicate that simple and complex forms of behavior upon awakening are not restored simultaneously.

Keywords: daytime sleep, hand-eye coordination, abstract thinking, SWS stage of sleep, awakening,
EEG, alpha-rhythm, delta-rhythm
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