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BBepeHue:

B Halwe Bpems COH ABAAETCA HEOTbEM/IEMOWM YaCTblO }KU3HU. AHAN3NPYA aKTUBHOCTU HOUbIO, MOXKHO
NMOHATb KOPEHb NPOBAEMBI M HauyaTb 3aHMMATbCA €€ pelleHnem. Mos paboTa peluaeT 3Ty aKTyaslbHYyHO
A1 MHOTUX Npobaemy C MOMOLLbIO YHMKANIbHOFO M MPaKTUYHOIo MeToAa, TpebyoLero MMHMMabHoe
obopypnoBaHue, coctosalee M3 moayna I3 M OCTaNbHbIX MHCTPYMEHTOB, 4YTO AefaeT COOpKy
6loaKeTHOM, a paboTy nporpammsbl bbicTpoii. Moeit paboToi MoryT No/b30BaTbCA TE 04N, KOTOpble
XOTAT YAYYLIUTb KauyecTBO CHa, a TaKXe onpeaenvTb HeKoTopble 3abonesaHma No TUNY anHO3 MK
HApYLWEHHbIN COH, NPW 3TOM He 3aTPaTUB MHOTO AeHEr U BpEMEHU Ha goporue obcnenoBaHNA B Mea.
KAVHUKAX.

AHHOTaUuUA:

Llenbio paboTbl ABNsSETCA cO3haHne meTona NpobyKaeHUs Ha ocHoBe aHanusa 331 Bo Bpems cHa. [na
AOCTUMKEHMA NOCTaB/AeHHOM uenn 6blaM NocTaB/ieHbl 3adauu: aHanu3 npeametHon obnactu,
co3faHue MpoToTMNa YCTPOMCTBa AnA cbopa AaHHbIX DIM-aKTUBHOCTU, MPOEKTUPOBAHUE CUCTEMbI
nouck natrepHos I3I, peannsaums U TeCTUPOBaAHUE CNPOEKTUPOBAHHOMN CUCTEMBI.
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dnekTpoaHuedanorpadusa, 33 — pasgen 31eKTpodM3MOIOrMM  U3yYaloLWMIA 3aKOHOMEPHOCTH
CYMMapHOW 3/1eKTPUYECKOM aKTUBHOCTM MO3ra, OTBOAMMOMN C MOBEPXHOCTU KOXKM BOSIOCUCTOMN YacTu
roN0Bbl, @ TaKXKe MeToh 3anucu TaKMX NoTeHumasnoB. Takke I3[ — HEeWHBA3MBHbLIN METOoZ,
nccnefoBaHma  QYHKUMOHANbHOIO COCTOAHWMA [OJIOBHOFO MO3ra NyTEM  perncrpaumm  ero
6103 1EKTPUYECKOM aKTUBHOCTU.

dneKkTposHuedanorpadma mamepaeT KonebaHMA HanNpaKeHuA B pesy/sbTaTe MOHHOro TOKa B
HEMPOHax TrOMIOBHOrO Mo3ra. KAWHWYecKn asnekTposHuedanorpamma ABAAETCA rPadUYeCcKUm
n306parkeHMeM CNOHTAHHOM 3N1EKTPUYECKOM aKTUBHOCTM MO3ra B TeYEHUMeE onpeaeieHHOro nepmMoaa
BPEMEHMU, 3aNMCaHHOW C HECKOIbKUX 3/1EKTPOA0B HAa MO3re MU NOBEPXHOCTU CKasbna.

I3[ cHa

93M-MOHUTOPUHI CHa — 3TO MUCC/AeAOBaHWE, B XOA4e KOTOPOro nNpoBOAMTCA A/AWUTe/bHaA 3anucb
3NeKTpo3HUedanorpammbl, B TeHEHME HECKONIbKMX YAacOB, C perncrpaumen cHa, NOSTOMy ero 4acto
Ha3bIBatoT I3M-MOHUTOPUHT AHEBHOro/HOYHOro cHa. 3To UcciegoBaHUe MMeeT 60/blioe 3HaYeHne
ONA ANArHOCTUKM Pas/IMYHbIX NapPOKCU3Ma/bHbIX COCTOAHUI U HapyLeHUA B HEBPOJIOTUK, B MEPBYIHO
oyepenb B AMarHoctuke n anddepeHumanbHOM AMarHoCTMKe anNuaencum.

CoH

CoH — nepuoanyeckn Bo3HUKatowee GU3N0N0rMYECcKoe COCTOAHWE, MPOTUBOMOIONKHOE COCTOAHUIO
604pCTBOBAHUSA, XapaKTepu3yloLLeecs MOHUMKEHHOW peaKkumell Ha OKPYMKAWMA MUp, npucyliee
M/IEKOMMTAIOWMNM, NTULAM, Pbi6am U HEKOTOPbIM APYTMM KUBOTHLIM, B TOM YMC/Ie HACEKOMbIM U
roIOBOHOrMM MoOIOCKaM. LIMKknuueckoe uyepepoBaHue cHa M H60ApPCTBOBaHUA Heobxoaumo ann
bYHKUMOHMPOBAHMA BCEX BbICUIMX XMBOTHbIX. B COH BNagaloT BCE KMBOTHbIE, MMEIOLWMNE HEPBHYIO
cuctemy (NpuvYém daxke Te, y KOro HEWpOHbl He LLEeHTPA/M30BaHbl), @ CHOMoAObOHOE COCTOAHME,
nepuoanYeckn Bo3HMKatoLWwee pas B CyTKM WM Yallle, eCTb U Y }KUBOTHBIX, HE UMEIOLWNX HEMPOHOB.

COH KM3HEHHO BaXKeH ANA 3[0PO0BbA, HACTPOEHMUA, YMCTBEHHOW AeATeNbHOCTU, KayecTBa paboTbl U
COLMaNbHOM KM3HU. BbIABNEHO MHOMECTBO BAUAIOLLMX Ha COH GaKTOPOB, B YaCTHOCTM, HaCTpOeHMue,
WHAMBUAYANbHOCTb, KAY4eCTBO CHa, XPOHOTUM, Aemorpaduyeckne aaHHble (BO3pacT, NoJ, A0X0A4), a
TaK)Ke romeocraTMyeckan noTpebHoOCTb BO CHe.

CHosuOeHuUe

CHoBMAeHWE — 3TO CybbeKkTUBHOe BoCnpuATUE 06pPa30B (3pUTEsbHbLIX, C/YXOBbIX, TaKTU/bHbIX,
BKYCOBbIX, OOOHATENbHbIX), BO3HWKAOWMX B CO3HAHUM Yy chAwWero 4esnoseka. CHOBUAEHUA
NPOUCXOAAT, B OCHOBHOM, B da3e B6bICTPOro cHa Korga akKTMBHOCTb MO3ra BbICOKa M HamomuHaeT
6oapcTBoBaHMe. MOCKObKY $asa BbICTPOro cHa 0bHaPYKUBAETCA Y MHOTMX BUA0B }KUBOTHbIX U Y BCEX
M/IEKOMUTAIOLLMX, ABHAA CBA3b CHOBUAEHMI ¢ ha30l BbICTPOro cHa NpuBena K NpeanonoXKeHUAM, YTo
MBOTHble BUAAT CHbl. O4HAKO NOAN TaKKe BUAAT CHbl BO Bpems Apyrux a3 cHa, He sBAastoLLerocs
¢dasoli 6bICTPOro cHa, U MMetlolmMeca OTYETbI O CHOBUAEHUAX CBA3aHbl HEe CO BCEMM Mepuoaamu
6bICTPOro cHa. 1A M3y4eHua CHOBMAEHMA HeobXoAMMO CHavasia NoJly4nuTb OTYET O BOCMOMMUHAHUAX



cybbeKTa o cHoBUAEHUN. TaKMM 06pa3om, CHOBUAEHUA He-0AEN B HACTOALLEE BPEMSA HELOKA3YEMbI,
KaK M CHOBUEHUA YeI0BEeYECKMX 3apobilieli U aoBepbanbHbIX MAaaeHLEB.

da3bl CHa

BblaenatoT aBe ocHoBHbIe $asbl UK TUMNA CHa - "BbIcTpbI" 1 "MeaneHHbIn". ToMUMO APYTrnX BarKHbIX
napameTpoB, O4eBUAHbIM U "TepmMHOOODpasyrWUM" KpuTepuem pasgeneHus AByX TUMOB CHa
ABNSETCA OTCYTCTBME WAM  HanuMuue 6bicTpbix ABuKeHM rna3s  (Rapid Eye Movements).
CootBeTctBeHHO ¢a3bl HasbiBatotcA REM 1 Non-REM (uam  NREM). [MocnegHuin NpUHATO
nogpasaenatb Ha 4 craauu. Takmm o06pa3om, MOXKHO rOBOPUTb BCEro O 5 cTagusax cHa,
nocnefoBaTe/IbHO CMEHSAWMX Apyr Apyra C onpeAesieHHOM nepuoanyHoCcTbio. HecmoTpsa Ha
XapaKTepHble M3meHeHMA I3[ B pas/IMYHbIX CTaAMAX, ANA MX TOYHOW KnaccuduKaumm 06blMHO
TpebyeTcs AONONAHUTENLHO PErucTPaLMA rnasHbix ABMKeHUn (30T) U MblleyHOol akTUBHOCTK (IMT),
6e3 KOTopbIX 0COBEHHO 3aTPYAHUTENIBHO UAN HEBO3MOMKHO BblaeneHmne REM cHa.

OCHOBHble mexaHU3Mbl, esuAaLowue Ha coH

e LMpKagHble pUTMbI. ITO AULLIb OA4HA U3 PAa3HOBUAHOCTEN BUOPUTMOB, KOTOPbIE B KOHTEKCTE
CHa onpeaensoT peMm 604pCcTBOBaHMA M HOYHOrO oTabixa. MNepuogbl LMPKaZHOrO pUTMa
MOFYT CYLLECTBEHHO OT/INMYATbCA Yy pPasHbIx Atogen. OgHM PaHO NOXKATCA CNaTh U yXKe paHo
YTPOM BbICbINaOTCA, APYyrMe — No34HO M BCTaBaTb PaHO He MoryT. KoppeKuma buonornyeckux
YacoB OCYLLECTBAAETCA B cynpaxmasmaTtudeckom aape (CXA) nepeaHent 4onun runotanamyca,
KOTOpPbIN PacnonoXKeH Hag NepekpecTom 3puTesibHbIX NyTei mosra. Hanpumep, HekoTopble
moan c nospexageHunem CXA cnat 6ecnopsiio4yHO B TeYEHME AHA, MOCKOJIbKY HEe MOoryT
COMNOCTaBUTb CBOMU LMpPKagHble pUTMbI C LLUK/IOM «CBET-TEMHOTA».

e MenaTtoHMH — FOPMOH CHA. Ero KOHUEHTpauMa NOCTEeNeHHO HapacTaeT C HacTynaeHuem
CyMepeK, O0CTUraa MAKCMMyMa K 4YeTbipem-nATM yTpa. 3aTem ero ypoBeHb MeasIeHHO
CHUXKAETCA, U YeNoBeK Nnpocbinaetca. [axke HeapKoe Ha NepBbiii B3rNA4 OCBELLEHNE MOXKET
3a4eprKaTb CUHTE3 MeNIaTOHMHA U HapyLWUTb, TAKUM 06pa3oM, COH.

e BeretaTnsHas HepBHas cuctema (BHC). Koraa npeobnagaeTt cumnaTtMyeckas cocTasastollan
BHC, To ycKopseTca obmeH Bew,ecTB, 3aTPy4HAETCS 3acbiNaHMe, M COH HapyliaeTcs.
MNapacumnatMyeckaa HepBHAA CUMCTEMa MOMOraeT OpraHU3mMy NOAroTOBUTLCA K OTAbIXY. Y

pasHbIX N0AeN C pasHbIM TUMOM BbiCLLEN HepBHOM aeaTenbHocTM BHC paboTaeT no-pasHomy.
Cmaduu ¢a3 cHa
Non-REM coH

e Cragma 1 (3acbinaHWe, gpemoTa, COMHOMeHUMsA). HayanbHaa cTagua CHa y B3POC/Oro
yenoseka, 4AmTca 5-10 MUHYT. MblleYyHan aKTUBHOCTb CHUXKAETCS, INa3a MOryT COBEpLUATb
meaneHHble asuxeHua (slow rolling eye movements SREM). OcHOBHOM pUTM HauyMHaeT
3aMeL,aTbCs TeTa-BOJAHAMM, NO aMNIMTYAE PABHLIMU UAKW MpeBblWaloWnMmm anbda-putm. B
93l MOryT perncTpMpoBaTbCA OCTPble BepTeKCHble BOJHbI, POSTS, mM3peaka Habawogpaetca
TMNHArorMyeckas rMNepcMHXpPoHMA. B 3Tol cTaguMm MOryT OTMeuyaTbCA TMMHarormyeckune
nogeprueaHuma.



e Cragua 2 (HernyboKU UnM nerkuin coH). JanbHeillee CHUXEHUE TOHUYECKON MbIEeYHOM
aKTMBHOCTU. CepaeyHbli pUTM 3amepnseTca, TemnepaTypa Tena CcHukaeTca. [nasa
HenoaBWXHbI, peagkne SREM. B 93 AOMUHMPYIOT TeTa BOAHbLI U NOABAAIOTCA XapaKTepHble
93 naTTepHbl 2-1 CTaAUM - COHHble BepeTeHa 1 K-KoMmnaeKcbl. 3aHUMaEeT B LLeJIoM 0Ko0 45-
55% obuero BpemeHu cHa. [MepBblii 3N1M304 BTOPOM CTagnm ANMTCA 0KoM0 20 MUHYT.

e Cragum 3-4 (MmeaneHHbln, Aenbta coH). MNepuoa Hanbonee rnybokoro cHa. Huskas IMP
AKTMBHOCTb, rNasa HenoABUXHbl. B 33 AOMUHUPYIOT BbICOKOAMNAUTYAHbIE AenbTa
KonebaHuA. Ctagusa knaccuduumpyeTca Kak 3-A, ecamn genbTa BOSHbI 3aHMMaOT meHee 50%
aHanM3pyemomn anoxu, u 4-a ctaamsa - eciv aenbTta coctasaser bonee 50%. Y 3g0poBoro
YyenoBeKa TPeTbA CTaauA 3aHUMaeT 5-8% u yeTBepTan cTagusa ewwe okono 10-15% obuero
BpemMeHu cHa. MNepBblin anmn3oa aenbTta cHa moxeT gantbea 30-40 MUHYT. UMeHHO B cTaguu
OenbTa CHa Yallle BCero 0TMeYatoTCA HOYHble CTPaxmn, CHOrOBOPEHME U CHOXOXAEeHUe, IHYpe3
y AeTen.

REM coH

e ®dasa cHa, KOTOpasA acCcoLMUPYETCA C APKUMM CHOBUAEHUAMM (MOCAeAHUE MOTYT BO3HUKATb U
B APYIMX CTaauAX, OOHAKO ropasfo MeEHee OTYeT/IMBbI). XapaKTepusyercs ObiCTPbIMM
ABVXKEHUA 133, HerepynapHOM 4acTOTOM CepAevyHOro pUTMa WM AblXaHWA, NOBbILEHUEM
apTepMaNbHOro AaB/ieHUs, obLwel MbILLEYHOMN aTOHNEN (BO3MOXKHbI OTAE/IbHble COKpaLLEeHUA
JIMLLEBOM MYCKyNaTypbl U KOHeYyHocTel). 33 AeCMHXPOHHA, NosBaAtoTcA KonebaHua anbda n
6eTa Ananas3oHa, NMnoobpasHble BOJIHbI. INEKTPOo3HUedanorpamma OTpPaXKaeT COCTOAHWUE
aKTMBaALMKM M noxoamuT ckopee Ha I3l 1-i ctagum cHa. MNepsbii annson REM cHa HacTynaet
yepes 70-90 MMHYT OT MOMEHTA 3acbinanma, gamtca 5-10 muHyT. Mo xoay cHa ANUTENLHOCTb
nocneaytowmx annsonos REM HapacTaeT, 4ocTuraa nog yTpo HEeCKObKUX AEeCATKOB MUHYT. Y
B3pocCnoro yenoseka fonss REM ¢asbl coctaBnseT okono 20-25% oblwero BpemeHu cHa.

LluKnel cHa u 2unHoc2pamma

Y 340p0OBOro YenoBeKa COH Ha4yMHAETCA C MepBOW CTaauu, Kotopas aamtca 5-10 muHyT. 3atem
HacTynaeT 2-A CTagua, KoTopasa nNpoaosKaeTca okono 20 muHyT. Ewe 30-45 MUHYT npnxoamuTca Ha
nepuog 3-4 crtaguin. MNocne 3Toro cnsWMMi CHOBa BO3BpallLl@eTcs BO 2-10 CTaAuto, MOC/e KOTOPOW
BO3HMKAET nepBblii anm3osd REM cHa, KOTOpbIi MUMEeeT KOPOTKYIO MPOLONMKUTENbHOCTb - OKOJIo 5
MMHYT. Bcs 3Ta nocnenoBaTe/IbHOCTb Ha3bIBAETCA UMKAOM. [epBblh UMKA MMeeT anmtenbHocTb 90-
100 MUHYT. 3aTeM LMKAbI NOBTOPAIOTCA, MPU 3TOM YMEHbLUIAeTcA A01A MeA/IeHHOIo CHa O MOCTEeNeHHOo
HapacTtaeT gons REM cHa, nocnegHuin anmM3on, KOTOPOro B OTAE/bHbIX C/ly4asX MOXKeT gocturatb 1
yaca. B cpegHem, npu NOAHOUEHHOM 340POBOM CHe OTMe4vyaeTcA nMATb MNOJIHbIX LMKNOB.
MocnepoBaTeNbHOCTb CMEHblI CTaguii M UX AJUTENbHOCTb yA0B6HO npeacTaBAATb B BUAe
rMMHOTrPaMMbI, KOTOPas HarAsAHO OTobparkaeT CTPYKTYPY CHa nauMeHTa.

lpumeHeHue 33 cHa 8 meo. chepe

93T cHa YacTo UCNONL3YIOT ANA ONpeAeeHus Taknux Npobiem Kak:

4 ypesmepHas ABuraTesibHas akKTMBHOCTb;

4 yacTble NPobYKAEHMA BO CHE;

4 3nunencus c NPUCTynamm BO CHe;

4 snunencua ¢ GHEBHbIMM NPUCTYNaMK;

4 HefepyKaHMe MOYM BO CHE U Apyrve HeBPO30Mnoa006Hble pacCTPOICTBa;
¢ ayTn3m;



4 33auKaHune;
4 334eprKKa NCUXMYECKOro U/Mamn peyeBoro passuTus;
4 peyeBas NaTo/N0rMA HEYTOYHEHHOMO MPOUCXOXKAEHUS.

Ha pmaHHoe obcrieqoBaHME MOMKHO 3aMmMcaTbCA B HEKOTOPbIE KAWHKKM, NMPEeAoCTaBAfAlolMe TaKyto
BO3MOXHOCTb. Ba’kHO OTMETUTb, YTO BO BPEMSA MOHUTOPUHIa AHEBHOIO U HOYHOTO CHa 3HUedanorpad
He BblpabaTbiBaeT BpeAHble M3/y4eHUs, No3Tomy npoueaypa abconoTHo 6e3onacHa U He nMmeet
OrpaHMYeHui No NePUOANYHOCTM NPOBELAEHUSA

BepemeHa cHa

BcnbiwkKu BonH yactotol 11-15 Ty, (Kak npasuno, 12-14 Ty), 06bl4HO AMdY3HbIX, HO € BosbLuein
amMNANTYAOM B LEHTPasbHbIX 06/1acTAX, BO3HMKalollMe BO BpemMa CHa. AMNAMTyda BapbupyerT,
COCTaB/IAA Y B3POC/bIX 06bIMHO MmeHee 50 uV. XapaKkTepHo NocTeneHHoe HapacTaHMe ¢ NocaeAyoWwmm
YMeHbLLIEeHNeM aMNAUTYAbl, OTYEro 3TOT NaTTePH U MNOAYYNA Ha3BaHUE BepeTeH.
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(BepeTeHa CHa B OTAE/NbHOCTU N B COYETAaHUU C K-KOMI'IJ'IeKcaMM.)

Bnepsble onucaHbl Berger (1933), ogHaKo Knaccuyeckoe onpegeneHune bbiio gaHo Loomis AL et al.
(1935). CoHHble BepeTeHa BO3HMKAOT OBbIYHO BO 2-i CTaguMu CHa U Hapagy c K-Komnnekcamu
ABNAIOTCA ee Hanbosiee xapaKTepHbIMU MapKepamu. [IMTeNbHOCTb BEPETEH B CPeSHEM COCTaBASET
o1 0.5 1o 1.5 cekyHa. AmnauTyaa B ananasoHe 20-100 mkB (B cpegHem a0 50 MKB). MaKcumasibHbl B
obnactn BepTeKca, MHOTAA CO CABUIOM B NOOHble oTAenbl. PeaKo BCTpeyaroTcAa TakK HasblBaemble
"ruraHTckue" BepeTteHa c 60/bLWIOK aMNAUTYAON U ONNTENbHOCTbIO HECKONbKO AECATKOB CEKyHA,.
BepeTeHa cHa BCTpeyatoTcA M30AMPOBAHHO MK B codeTaHum ¢ gpyrmumn I3 natrepHammn NREM cHa
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(BepeteHa cHa. A - U301MpoBaHHOE BEpPeTEHO, B - BepeTeHo ¢ BepTeKCHOM BoaHOM (oTBegeHme Cz-Al), C- BepeTeHo ¢ K-Komnaekcom)

Y mnageHUeB nepBble BepeTeHa PercTpupyroTcs Ha 4-7 Hegene nocne poxaeHus, bunatepanbHole,
HO aCMHXPOHHble. B nepBble mecALbl BepeTeHa UMELOT HEBbLICOKY0 aMMNTYAy, MOXKeT OTMeYvaTbCA
«3a0CTPEHHOCTb» HEraTUBHbIX W «3aKPYFEHHOCTb» MO3UTUBHbLIX ¢a3. BepeTeHa OKOHYaATENbHO
dopMMPYIOTCA U CTAHOBATCA BUaTepPasibHO CUHXPOHHbIMU K 2-M rogam. B geTckom Bospacte moryT
PEerncTprMpoBaTbCsA HE3ABUCMMO ABa TUMNA COHHbIX BepeTeH: yactoton 11-12.5 My ¢ Makcumymom B
NobHbIX oTaenax M yactoton 13-14 Ty C MaKCMMYMOM B LIEHTPa/ibHO-TEMEHHbIX OTAenax.

BepeTeHa reHepupyloTca B Talamyce, HENOCPEeACTBEHHO B €ro PeTUKYAAPHbIX KAeTKax.. B nocnegHue
[EeCATUNETUA MHTepec K W3YYeHUIO BepeTeH CHAa YCWIMACA B CBA3M C  BblABWUHYTOW
TaNaMOKOPTUKANbHOM rMNOTE30M reHe3a NepBUYHO-reHepaan30BaHHbIX 3NUAENTUYECKMX NPUCTYNOB.
B 3TOl CBA3M MHTEHCMBHO pa3pabaTbiBaeTca MoAeNb ANUAenToreHesa Kak TpaHcGopMaLUmM COHHBbIX
BepeTeH B paspAabl 3 'L, KOMNAEKCOB CNalK-meaneHHan-BoHa.

K-komnnekc

Pa3pag, noABAAIOWMNCA HENOCTOAHHO, COCTOALLMN B OCHOBHOM M3 BbICOKOAMMNANTYAHON HEraTUBHOM
MeIeHHOM BOJIHbI, 33 KOTOPOW CceayeT MeHbLUAA NO3UTUBHAA MeAJ ieHHan BoHA. K-KoMnieKe YacTo
BO3HMKAET B Mape C COHHbIMM BepeTeHamu. AMNAUTYAQ, KaK NPaBuIo, MaKCMMasibHA B NepeaHen
BepTeKcHon obnactn. K-komnnieKcbl Bo3HMKaT BO Bpemsa NREM-cHa, CNOHTAHHO WM B OTBET Ha
HEOXXNAaHHble CEHCOPHbIE CTUMYJIbI, U He ABAAOTCA cneuudUYeckMMmn Ana Kakoh-1mMbo ceHCopHOM
MOAaNbHOCTW.
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(K-komnnekc)

K-KomnieKcbl BO3HMKaOT 06bIYHO BO 2-1 CTaAMM CHA M HApAAY C COHHbIMW BEPETEHAMMU ABNAIOTCA ee
Hambonee XapaKTepPHbIMM MapKepamu. BO3MOXKHO CMOHTAaHHOE MosABAEHWE OTAeNbHbIX K-
KoMniekcoB B 3-i ctagmn. Amnautysa K-komnnekcos 6osee 100 MUKPOBOALT, ANUTENBHOCTb
KonebaHua 6onee 0.5 cekyHAbl. B HEKOTOPbIX CNy4anx BEpXyLIKA HEraTUBHOM BOJIHbI MOXET ObITb
330CTPeHHON. PacnpeneneHve Mo MNOAyLWAPUAM CUMMETPUYHOE, C npeobnasaHnem B nepesHux
oTaenax. MHorga 3a K-komnnekcom cnegyeT paspag reHepan3oBaHHbIX anbda Maun Teta-konebaHui

I'IepBOHaqaano K-komnsieKebl Bblin onucaHbl Kak 931 oTBeT Ha aKyCTM‘-IECKMﬁ CTuMmyn n nnub
nosaHee O6Hapy)KVU10Cb, YTO OHU ABNAKOTCA HEOTbEMJIEMbIM MNATTEPHOM 93l cHa. OTme4yeHo, 4YTO
4YaCcTOTa BO3SHUKHOBEHMA K-KOMN/IEKCOB 3aBUCUT OT Fﬂy6VIHbI CHa - Yyem bonblue rny6V|Ha CHa B TOT Uaun
NHOM UMUKN CHa, TemMm 6onblle yacTtoTa noaAsAeHMA K-Komnnekcos BO 2-1 CTaann TOro e COHHOro
umkna. CooTBETCTBEHHO, NMOCKO/IbRY I'J'Iy6MHa COHHbIX UMKNOB CHUXAETCA Ha NPOTAXEHUU HOYM,
YMeHbLIaeTCA 4acToTa BO3HUKHOBEHUA K-KomnneKkcos.

HekoTopble uccnenoBaTenM CYMTAOT, YTO "CroHTaHHble" K-KOMM/IeKcbl Ha camoM fene ABAATCA
OTBETOM LEHTPa/IbHO HEPBHOW CUCTEMbI Ha 3HAOrEHHbIE "cTUMYAbI" BO Bpems cHa. B page pabot
onuncaHa BO3MOXHasA CBA3b K-KOMMIEKCOB C M3MEHEHUAMMU CepAevyHO-COCYANCTON AEeATEeNbHOCTU.

flBnascb HOpMasbHbIM pU3MoNormyeckum beHomeHom, K-KoMnieKcbl y NaLMeHToB € anuaencuei
MOTYT MHOTAA BKAOYATb B CBOKO CTPYKTYPY CNaliKn M OCTPble BOAHbI. Y NaUMEHTOB C MANONATUYECKOM
reHepa/siM30BaHHOM 3Nuencuen BO BPemMs CHa MpPoOy)KAaloWMe CTUMYAbl MOFYT BbI3biBaTb
nosasneHne K-komnnekcos co cnaitkamu (peHomeH aucropmuu, dyshormia, nau aHomanbHoro
npobyxaeHua). ccnepoBaHuns NoKasblBalOT Ha/IMUME CMANKOB B CTPYKTYPE K-KOMMNAEKCOB HE TONbKO
Nnpw reHepasiM3oBaHHOM, HO M NPU GOKaNbHOM 3NUNENCUN.
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Il. KOHCTPYKTOpPCKUA pasaen

Annapamypa

Onsa nonyyeHUsa AaHHbIX UCNOAb30BaHO obopyaoBaHue BiTronics Lab “lOHbI Helpomogennct”.
Huxke b6yneT npeactaBneHa Bca 6asa NpoeKkTa, @ UMEHHO M3 Yero OHA COCTOUT U Kakue yHKUUK
BbINOHAET. Arduino uno - Na1aTa MMKPOKOHTPO/IIEPA C OTKPbITbIM UCXOAHbIM KOAOM, OCHOBAHHAA Ha
MUKpPOKOHTponnepe Microchip ATmega328P, paspabotaHHaa Arduino.cc W nepBOHa4yanbHO
BbinyweHHasa 8 2010 roay. nekTpoabl Ana 33 — faATYMKK, KOTOPbIE NO3BONAIOT PEFNCTPUPOBATL U
ONUCbIBaTb CUTHANbl aKTMBHOCTM TFONOBHOrO Mo3sra. OAHOKaHaNbHbIM mogynb I3 - OCHOBHOM
3/1eMeHT, Yepe3 KoTopblli obpabaTbiBatoTcA cUrHanbl mosra. O6oaok ana 33l - cneumanbHbI
WHCTPYMEHT, NIOBALLMI CUTHAAbl mo3ra, obpabaTbiBatowmecs moaynem I3, MNposoga - obblyHbIE
npoBoAa, Hy)XHble AAA NUTaHuA 1 paboTbl naatel. Janee npeactasneHo ¢oTtorpaduma obopyaoBaHUA:

. O6on0oK ana 33r

. Arduino Uno

. dneKktpoabl ana 230

. OaHOKaHanbHbIN mogynb I3

. MpoBoga, coeguHalowme naaty ¢ mogynem 33

. MpoBog, coeanHAKLWNIN NAATY C KOMNbIOTEPOM

. MpoBog, coeanHamwmn moaynb I3l c oboakom

. CneumanbHbIA NPOBOAOK, NOACOEAMHAIOLINIACA K SNEKTPOAY U 0604KY

c0ONO U WN P

Cyumeisaemasa akmusHocms (dataset)

MoW npoeKT byaeT perucTpmpoBaTb TakKMe aKTUBHOCTM BO CHE KaK: ABUMKEHUA PYK U HOT, ABUMKEHUA
Kopnyca, ABUXKEHWUA Fo/10BbI, Kallenb. bblno NpuHATO peweHne caenatb rMbkuin dataset, kotopbin
COCTOUT M3 N-OHOFO KOJIMYECTBA KaTa/soroB - aKTMBHOCTEW, KOTOpble MOMET 3anucatb cam
nonb3sosatenb. CTaHAapT 3anncK KaTanora - 15 ¢aiiios, 3anncaHHbIX No 15 cekyHa, (norpelHocTbo


https://bitronicslab.com/neuromodelist
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BPEMEHU MOMKHO MpeHebpeyb). B crtaHaapTtHom dataset’e 6yayT Mcnonb3oBaHbl 5 KaTeropwuid,
OMMCaHHbIX CBepxy. JlorMka AaHHOro AOMOJIHEHMA MPOCTa: NPy BBOAE CBOEM 3amnucu .CSV B MOE
NPUNOXKEHWE, C MOMOLLbIO HEKOTOpbIX QYHKUMI o0bpabaTbiBaeTca cpeaHee apudmeTUYEcKoe
BEKTOPOB M3 BCEX KaTa/oroB, Mo/iydyas M COXPaHAA 3HAYeHWA, a Aajsiee OHW CPaBHMBAKOTCA MO
PaccTOAHMIO 3a CYET anropuTMa EBK/IMAOBA PACCTOAHUA C BEKTOPOM, KOTOPbI BBOAWUT NOJ/Ib30BATE/b.
Mocne Bcex pPacyéToB M 3aHECEHMA [AOaHHbIX B TEMJOBYID KapTy, MNojyyaeTcd 5 3HayYeHuin -
MWHUMaANbHOE N3 HUX U eCTb UCKoMmoe. MprUMepbl KaTaloroB U UX COAEPKUMOro byayT NpeacTaB/ieHbl
HUKe:

Katanoru:

. golova 2024-01-13 23:10 File folder
. kashel 2024-01-13 23:11 File folder

. korpus 2024-01-13 14:45 File folder
. noga 2024-01-13 23:12 File folder
. ruka 2024-01-13 14:53 File folder

Mpumep cofepnmoro:
Mame h Date modified

I noga 1.jmov 2024-01-13 14:54 JMOV File
Ey noga 1_Al.csv 2024-01-13 14:54 3nekTporHan Tab...
I noga 2.jmov 2024-01-1
Ey noga 2_Al.c 2024-01-13 14:54 3nekTporHan Tab...
I noga ' 2024-01-13 IMOV File
Ey noga 3_Al.c 2024-01-1 3nekTporHan Tab..
B noga 4jmov 2024-01-13 14:
By noga 4_Al.csv 2024-01-13 14:55 InekTpoHHan Tab..,
B noga 5jmov 2024-01-1
2024-01-13 14: JnexTponHan Tab...
2024-01-13 14 JMOV File
2024-01-13 14:5 3nekTpoHHaA Tab...
2024-01-1 OV Fi

2024-01-13 14:

2024-01-13 14: JMOV File

2024-01-13 14:5 InexTponHan Tab...
B roga10jmo 2024-01-1 i
B noga 10_A 2024-01-1
B rogatiyn 2024-01-1
B noga 11_Al.cs 2024-01-1
B noga12jmo 2024-01-13
2024-01-1

2024-01-1
\1.cs 2024-01-1
B noga 14,mo 2024-01-1
By naga 14_A1, 2024-01-1 : JnekTpoHHan Tak..
. noga 13jn 2024-01-1 ! JMOV File

By noga 15_A ¢ 2024-01-13 150 3nekTpoHHaA Tab...

[paghuK u 3anucb OaHHbIX

CynTblBaTb W aHaNM3MpPOBaATb AaHHble rpadmKa BO3MOXKHO 4epe3 oduLMaNbHOE MNPUIOKEHUE
BiTronics Lab ncnonb3sys KHOMKY 3anMcu, Mo OKOHYaHWIO 3anucy dain coxXpaHAeTca B HYXKHOM
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KaTanore dataset’a. Jns nyywero Bocnpuatma rpadumKa ncnonbsyetca GuabTP, HACTPOMKN KOTOPOTO:
T™MN GMAbTPA - HU3KMX YacToT, min yactota - 0.1, max yactoTa - 7.59. Takxe ans yaobcrea 6bina
nobaBneHa pa3smeTKa, yKasbiBatowasa nepuog ot 0 Ao 15 ceKyHa, TaK Kak MMEHHO 3TOT TalMWHT
ncnonb3yeTcs no ymondaHuio B dataset’e.
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lll. TexHoOnOrMYECKUU pasaen

Cbopka

MpoeKkT cobpaH Ha ocHoBe naatbl Arduino Uno, KoTopas nogkatovaerca 4vyepe3 pasbém USB K
KomnbtoTepy. K nnaTte nogkntoueH moaynb 331 (+ 8 5V, - 8 GND, OUT B Al), K KOTOpOMY Yepes NPOBOA,
nepegatoTcs AaHHble aKTMBHOCTM Mo3ra ¢ 0bogKka I3I. BakHO 3aduKcupoBaTb 06040K POBHO Ha
3aTblaKe, YTOObI CMrHaN Nnepenasanca Aydywe Bcero. Mocne NPaBUAbHOIO KPENAEHUA SNEKTPOAA Hag,
KOCTblO 4epena 3a yxom cbopka 3aBepleHa. [Janee 6yayT npeactasneHbl ¢oTorpaduuy,
NMOKa3blBalOLLME BHELHMWI BUA, FOTOBOrO NPOEeKTa, NOAKAOYEHHOIO K HOYTOYKY, a TaKKe KpenneHue
060Ka Ha Yepene YeNOBEKA C NPABU/bHBIM MONOXKEHMEM 31EKTPOAA.

®oTo cobpaHHOro M roToBOro K paboTte o6opyaoBaHUA:

S

doTo-noAcKasKa NPaBUAbHOMO KpenjeHus 3neKkTpoaa:
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3anycK

YT106bl HayaTb BUAETb CUTHAN HEOBXOAMMO 3anycTuTb ¢ain, npepocTaBaeHHbI BiTronics Lab nop,
HasBaHuem _5_video_EEG.ino B IDE Arduino, npegBapuTenibHO BbiIOpaB nnaty. TakkKe BaXKHO CKayaTb
N YCTAaHOBUTb HY¥KHble BUBAMOTEKM ANA NpaBUIbHON paboTbl 06opyA0BaHMA, TakMe KaK: TimerOne,
FFT. Hnke byayTt npeacrtaBneHbl ¢otorpadum nHrepdeinca nporpamm Arduino IDE un BiTronics Lab c
onucaHuem ux uHTepdelica.

MpunoxkeHue BiTronics Lab, KoTopoe nuLeT AaHHbIE:

8 BiTronics Studio 538 1N — o X
%},m/nwasan: Cercop | Cnektp | Putm | KHonka

OO 2 MopT: ~[115200 ~] | 33r [A1 ~|Knonka [~ ~]

792

33r curHan

‘-Ll:l. i 33r cnexp Anbga Beta

011358 0003551
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KHonka ana 3anucu

KHonka ans gobaBneHuma puabLTpos
lpadmK akKTUBHOCTU 3a 15 cekyHA,
PasmeTKka 15 cekyHpa,

KHonka gna 3anycka

MyHKT 4na npocmoTpa meTpuk 231
MaHenb HacTpoeK pPaboTbl

No s wDN R

MpunokeHne Arduino IDE:

KHonka gns 3anycka
KHonka ana sbibopa nnathbl
ObnacTb Koga

O6nacTb KoHCONM

el A .

Koo u aneopummeoi

OcHOBHasA norvka BCex BbIMMCNEHMW HanucaHa Ha nA3blke Python B IDE Visual Studio Code c
nucnonb3oBaHnem 6ubAMoTeK 0s, csv, math, PyQt (yctaHoBKa BbinonHAeTcs 4yepes pip install -r
requirements.txt). lanee 6yayT nepeymcieHbl Bce BaXKHble PYHKLUN U UX OO BACHEHUA C NPUMEPAMMU.
dyHKumAa csvToVec 3a cYéT BUbAMOTEKM CSV OTKpbiBaeT ¢daiin dopmaTa .CSV U BO3BpPALLAET €ro B
BEKTOPHOM BUAE, MPUHMMAET Ha BXoA NyTb A0 daiina. PyHkuma measureEuqlid npeacrasnaet cobomn
anroputm EBKAMAOBA paccToAHUS, BO3Bpallas PacCTOAHUA MeXKAy ABYMS Nepeaallinumca B Heé
BeKkTopamu. ®yHKuma getSrVec npegHasHayeHa gnsa onpeneneHus cpegHero sektopa wus dainos
KaTanora dataset’a, NnpuHMMaeT Ha BXOZ CMWUCOK BeKTopa Bcex ¢ainnoB U3 Katanora. PyHKuuMA
getListVecs aBnaerca BcnomoraTesibHon ans getSrVec, 6epéTt Ha BXo4, nyTb K KaTanory u3 dataset’a, a
BO3BpalLAeT BCE BEKTOpPa 3TOro KaTtanora B getSrVec, gns nonyvyeHMs oAHOrO YHWUBEPCASIbHOMO
CpeHero BEKTOpa KaTeropuu, KOTOpbIM B AasibHelwem byaeT UCNo/ib30BaTbCA A/ CPABHEHUA C
BEKTOPOM BBeAEHbIM Nonb3oBaTesieM. PyHKUMA Main, KOTopasa NPUHMMAET Ha BXOJ, BEKTOp, AaTaceT
(Istvec) u napametp anroputmmsaumm. TakKe ecTb CNUCOK BCeX CpeaHUX BEKTopoB u3 dataset’a, oH
HasbiBaeTcA dataset.

def csvToVec(fname):
arr = []
with open(fname, 'r', newline='') as csvfile:
spamreader = csv.reader(csvfile, delimiter=";

, quotechar=" ")
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for row in spamreader:
r = list(map(float, row))
arr.append(r[0])
arr.append(r[1])
return (arr)

dyHKumA csvToVec

def measureEuqlid(vl, v2):
dist = ©
for i in range(@, min(len(vl), len(v2))):
dist += (vi[i]-v2[i])**2
return (math.sqrt(dist))

®dyHKumna measureEugqlid

def getSrVec(listVec):
m = len(listVec[©@])
for vec in listVec:
if (len(vec) < m):
m = len(vec)
srVec = [@]*m
for i in range(m):
for vec in listVec:
srVec[i] += vec[i]
srVec[i] /= len(listVec)
return (srVec)

dyHKUMA getSrVec

def getlListVecs(directory):

return getSrVec(listVec)

files = list(filter(lambda x: x.endswith('.csv'), os.listdir(directory)))
listVec = list(map(lambda x: csvToVec(directory+'\\"'+x), files))

dyHKuma getlistVecs

def main(vec, lstvec, param):

ans = []

cnt = 0

label 1st = ['golova', 'noga', 'ruka']

for el in 1stvec:
ans.append(param(vec,el))
cnt += 1

answer = min(ans)

print(label lst[ans.index(answer)])

return ans

DyHKUMA main

dataset = [

\\

)s
)s
)s

)J
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getListVecs('C:\Programming\py\EEGsleep\dataset\\ruka')
]

Cnuncok cpegHux BekTopoB dataset’a

/*

EEG

OuundpoBbIBAET CUIMHAN C CeHcopa 3nekTposHuedanorpammsl (electroencephalogram - EEG), noAkAlYeHHOro Ko
Bxogy Al

nnatel Arduino v oTnpaBnAeT Ans oTobpaxeHWs B nporpammy Bu3yanusauum oT BiTronics,

cKkayaTb ee MoxHo TyT: http://www.bitronicslab.com/guide/

CnpaBoYHUK MO KoMaHgam A3bika Arduino: http://arduino.ru/Reference

*/

#include <TimerOne.h> // nopxnwyaem 6ubnmoteky TimerOne ana 3apeicTBOBaHUA QyHKLUMIA Taimepal

/* npeaBapuTenbHO AaHHyw 6M6NIMOTEKY Hafo YyCTaHOBUTb, A/ Yero CKayuBaem ee

Ha cTpaHuue http://www.bitronicslab.com/guide/ , pacnakoBbiBaem apxvB W nomewaem nanky TimerOne
BHYTpb nanku libraries, HaxopAweica TyT: "Mou pokymeHTbl/Arduino/libraries™

MogpobHee o TimerOne cm. TyT: http://robocraft.ru/blog/arduino/614.html */

int val = ©; // nepemMeHHasa ANA XpaHeHWA OUUPPOBAHHOIO 3HaYeHUA
CUrHana

// oyHkums sendData BbI3bIBAaeTCA Kaxablii pa3, Korga cpabaTbiBaeT npepbiBaHue Taiimepal (npoxoauT 3afaHHoe
YUCIO MUKPOCEKYHA,)
void sendData() {
Serial.write("A1"); // 3anuceiBaem B Serial-mopT uMmA nonsa B nporpamme AN
BM3yanusauuu, Kyha Hafo BbIBOAUTb CUrHan
// BCero B 3Toi nporpamme 4 nonA, KOTOpble UMEKHT WUMeHa
Ao, Al, A2, A3 (cBepxy BHU3, MO MOPAAKY WX
// pacnonoxeHuss B OKHe MpOrpammbl)
val = analogRead(Al); // 3anucbiBaem B nepemeHHyw val ouuppoBaHHOe 3Ha4veHue
CUrHana c Hoxkun A@ Ha Arduino.
// val moxeT npuHMMaTb 3HavyeHuMe B AManasoHe oT © Ao
1023, cm. http://arduino.ru/Reference/AnalogRead
Serial.write(map(val, @, 1023, @, 255)); // 3anucbiBaem B Serial-nopT 3Ha4veHue val, npeaBapuTesbHO
OTHOPMMPOBAHHOE Ha AManas3oH 3Ha4veHun oT © go 255,
// CcM. onucaHue KOMaHAbl map:
http://arduino.ru/Reference/Map

}

// ¢yHkumAa setup BbI3bIBaeTCA OAHOKpaTHO npu 3anycke Arduino
void setup() {
Serial.begin(115200); // wHuumanusmpyem Serial-nopT Ha ckopocTu 115200 Kéut/cC.
// Takyw Xe CKOpOCTb Hajo YCTaHOBUTb B Mporpamme Ans
BU3yanusauuu
Timerl.initialize(3000); // wHuumanusupyem Taiimepl, aprymeHTOM yKa3biBaeM WHTepBan
cpabaTbiBaHMA - 3000 MUKPOCEKYHA
// (1 000 000 mukpocekyHa = 1 cek)
Timerl.attachInterrupt(sendData); // KakK TONbKO MpPOXOAUT 3000 MUKPOCEKYHA - HacTynaeT
npepbiBaHue (Bbi3biBaeTca ¢yHkuusa sendData)

}

void loop(){
// a B 6eCKOHEeYHOM uuKae Mbl HU4ero He pgenaem. Taihmepl cam byneT Bbi3biBaTb ¢yHKUM sendData 4epes
Kaxzable 3000 MUKpOCeKyHA

}
®ain _5_video_EEG.ino

Peanu3zauus

KoHeuHOn d¢opmoli moero npoekta 6yaeT npunoxeHwe, HanucaHHoe Ha PyQt, umetowee
MWHUMANNCTUYECKUA AN3alH, coaeprKalwmnii aBe UHPOPMALMOHHbIE TabauLbl U KHOMKY, KOTOpas
NPUHMMAaET .csv Gaia 1 Nocsie paccunTbiBAET BCE 3HAYEHMA ANA OTobpaxKeHMA nx B Tabanuax. Huxke
npeAcTaBieH npumep:
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IV. UcchepoBaTtenbCKum pasaen

ToyHOoCM®b pacrno3Ha8aHUA

3TO ABNAETCA BAXKHOM TEMOM, OTHOCALLLENCS K MOeMy NPoeKTy. Tak Kak B 4aHHOW Uccaien0BaTe1bCKOM
paboTe mcnosnb3yeTca 060pynOBaHUE NWWb C OAHMM OAHOKaHanAbHbIM moaynem 33, TOYHOCTb
pacno3HaBaHWA He MOXKeT bbITb paBHa 100%, HO A HalWén peweHne gaHHOW npobaemsl. [leno B Tom,
YTO pe3ynbTaT HaNpPAMYK 3aBUCUMT OT CPeAHWMX 3HaAYeHW BekTopoB M3 dataset’a, Tem cambim
03Ha4YaeT, YTo Yem 6osiblle 3anucen - TeM Bbile TOYHOCTb. M0Nb30BaTENb MOXKET FTMOKO U3MEHATb

dataset, B cooTBeTCTBUM NOYy4YasA pasHbIn % TOYHOCTU. Yem Bosiblue painaoB C TeCTamMM - TEM fyylle

pesynbTar.

Tabnunua 1 - 3Hauenua UM, MO, NN, JTIO Kaxkaoro BuAa akTUBHOCTU

Bua aKTMBHOCTU UCTUHHO UCTUHHO JloxkHo JloxkHO
NONOXUTENIbHOE | OoTpUuaTeNbHOE NONOXUTENbHOE | OTpULATEeNbHOE

lonosa 0 24 1 5

Kawenb 1 15 10 4

Kopnyc 1 19 6 4

Hora 0 23 2 5

Pyka 1 22 3 4

Tabnuua 2 - 3HadyeHua UM, KO, /TN, 1O Kaxaoro BMAa akTUBHOCTU KPOME Kaluns

Bunpa akTMBHOCTHU UCTUHHO UCTUHHO JTI0XHO JT0XKHO
NoONOXUTENbHOE | OTpMuATeNbHOE NOJIOXKUTENIbHOE | OTpuMUATeNbHOE

lfonosa 0 19 1 5

Kopnyc 1 8 12 4

Hora 1 18 2 4

Pyka 1 18 2 4

Tabnuua 3 - 3Hadyenuma UM, MO, NN,

10 Kaxkgoro Bnaa a

KTUBHOCTU KpOMme Kallna n Kopnyca

Bunpa akTMBHOCTHU UCTUHHO UCTUHHO JTI0XHO JT0XKHO
NONOXUTENbHOE | OTpMUATeNbHOE NONOXUTENbHOE | OTpuUATeNbHOE
fonosa 2 12 3 3
Hora 2 12 3 3
Pyka 2 12 3 3
Bbisoo

AKTMBHOCTM KOpMyCa W Kallaa CXOXWM CO BCEMM Knaccamu, 4YTO MellaeT OAHO3HaYHoMy
Pacno3HaBaHMUIO. an YCTPaHEHNE 3TUX K/IACCOB TOYHOCTb onpegeneHmAa ronosbl, HOTM U PYKU

Bo3pacTatoT A0 40%.
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