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AKTYaJIbHOCTb MCCJIeIOBaHUsI OOYCIOBJIEHA HEIOCTaTKOM paboT, Aatrolux ¢pusnono-
rmyeckoe 000CHOBaHME MapaMeTPOB BaprUabeIbHOCTH CepASUHOTO PUTMA U €€ CBSI3U C
OMODJIEKTPUUYECKON aKTUBHOCTBIO CEHCOMOTOPHOI KOPBI TOJIOBHOT'O MO3Ta B IpoLIeC-
ce KOTHUTUBHOM nesiTesibHOCTH. Lleb ncciaenoBaHus: OnpeaenuTb CBSI3U Mepruoauye-
CKUX MOIYJISILIUNA CEpASYHOTO PUTMA C YPOBHEM aKTUBHOCTH CEHCOMOTOPHOM KOPHI B
Mpolecce KOTHUTUBHOM mesaTeIbHOCTU. OObeM BBIOOPKM cocTaBui 42 KypcaHTa Iep-
Boro Kypca BoeHHoro mHcturyra (BOEHHO-MOPCKOT0) BOoeHHOro y4e6GHO-HAydYHOTIO
neHtpa BoenHo-Mopckoro ¢utora “BoeHHo-Mopckast akanemust”. CpenHUil Bo3pact
obcienyeMbix — 18 * 0.7 net. Mcnonab3oBaanuch METOOBI 3JeKTpodHIIedatorpapun u
ayiekTpokaparorpaduu. BzaumMocss3b BaprabeIbHOCTU CEPASYHOTO PUTMA C YPOBHEM
aKTUBHOCTU CEHCOMOTOPHOM KOPBI FOJIOBHOI'O MO3ra OLIEHUBAJIACh OJHOBPEMEHHO C
MpeabsiBICHUEM TICUXO(MU3UOJIOTUYECKUX MeToauK — “KpacHo-uepHble TaOIUIIbI
Ilynere—IlnatronoBa”, “Yacel ¢ moBopoToM”, “Peakiinst Ha OBVKYIIUIACS OOBEKT”
(POO), “YcTHbIi cueT” IpM 3aKPHITHIX TJ1a3aX. DTU METOOMKU OBLIM HaIpaBJICHBI Ha
OLIEHKY BOCIIPMSITHS, CEJIEKTUBHOTO BHUMaHUS, paboyYeil mamMsIT, MpOCTPaHCTBEHHOM
OPUEHTALIMY U MBIIUICHUsI. YCTAaHOBJEHO, YTO TIPU PEIICHUU 3aJa4 Ha BOCIPUSITHE
W3MEHEHUI TIPOCTPAHCTBEHHO-BpeMeHHBIX coObIThil (PI1O) 06HapyXuBaloTCsl OTpU-
LiaTeJIbHbIe KOPPEISILIMU MEXIY aKTUBHOCTBIO CEHCOMOTOPHOM KOPBI JIEBOTO TOJTyIIIa-
pYsl ¥ 3HAYSHUSIMU aMILTATY MOAYJISILIAM CepIeYHOro pUTMa B YaCTOTHOM 30HE OKOJIO
0.05 (0.043—0.056) konebaHumii Ha KapauouHTepBan (Koyi/Ku). [lpu BBITTOJHEHUU
apudmMeTnyecKux 3amad (YCTHBIN CUET IPU 3aKPBITHIX IIa3aX) TaKUe KOPPESILUU 00-
HapyXeHbl Ha yacTotax okouio 0.13 kos/ku (0.126—0.136 koJyi/K1), a B XO/I€ BBIMOJHE-
HUS 33724 Ha MPOCTPAHCTBEHHYIO opueHTaluio (Yackl ¢ MOBOPOTOM) — Ha yacTOTax
okoJ10 0.44 komn/xu (0.430—0.446 xon/Ku). CBSI3b aMIUTUTYIBI MOIYJISIIIUI Ha 9aCTOTAX
0.3—0.45 x0JI/K1 C YPOBHSIMA aKTUBHOCTH CEHCOMOTOPHOM KOPbI CTAOMJIILHO OTMeYa-
eTCsl BO BceX DYHKIIMOHANBHBIX Mpobax. [Ipoliecchl akTUBALIMM CEHCOMOTOPHOM KOPBI,
BBbI3BaHHBIE KOTHUTMBHOI Harpy3Koii, COMPOBOXIAIOTCSI YMEHbBIIIEHUEM aMITIATYIbI
MEepUOINYECKUX KOJIeOaHW cepaeyHoro putMa Ha yacrtotax ot 0.05 mo 0.13 kom/ku.

Karoueesvie croa: BapuadebHOCTb CEPACUYHOTO PUTMa, CTPYKTYpa MEPUOIUYECKHX MO-
IyJSIUN CepAeYHOro puTMa, 3JeKTposHIledanorpadus, akTUBALIUSI CEHCOMOTOPHOM
KOPBI, AeCUHXpoHM3aLMst DD, YacTOTHBIN U CIIEKTPAJbHbBIN aHAIU3
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TOM YHUCJIE, K YCIOBUSIM BOEHHOM CIIyXO0bI), B MOAYISLIMA KOTHUTUBHBIX GYHKIIUN BT~
€TCsl OTHOM U3 BacKHEWIIINMX MPaKTUYECKUX 33/1a4 BOGHHOI rncuxodusnonoruu. B Hammx
MpeabIayIX padoTax ObLIO MOKAa3aHO, YTO BapuadeabHOCTh cepaeuHoro putma (BCP),
a UMEHHO, aMIUIMTYAa MePpUOINYECKNX KOoJieOaHUii cCepAevyHOro puTMa CBsI3aHa C 3JeK-
TpoU3NOJIOTMYSCKUMU MPOSIBJICHUSIMU TICUXUYECKOM paboTOCIOCOOHOCTH — YPOBHEM
necruHxpoHuzauuu DI B 1eBoM 1060HOM oTBedeHuM [1, 2]. B mpenpimyinmx Hammx pa-
6oTax OBLIO YCTAHOBJIEHO, YTO KYPCaHThI C BBICOKMM YPOBHEM Da3BUTHUSI BHUMaHUS U
MBIIIUIEHUS, XapaKTepPU30BAJIMCh BbIPAXKEHHBIM YPOBHEM IeCUHXpoHU3aluu DI B mpa-
BOM IIEHTPAJIBLHOM OTBEJACHUU, CBUIETEJILCTBYIOIIETO 00 aKTHUBALIMM CEHCOMOTOPHOM
KOpBI TIPaBOTO TIOJyIIAapusi, a TaKXKe BBICOKMMU 3HAUYCHUSIMU OOIIEH CIIEKTpalbHOMN
MOIITHOCTH MOMYJSILIUAI CepAeYHOrO0 pUTMa U OTHOCUTEIbHOI MOIIHOCTH B Avara3oHe
Beicokux yactoT (HF). ¥ aTtux ke KypcaHTOB ObLIM OOHApYKEHBI CAMble MHOTOYHUCIICH -
HbIE€ KOPPEJSILIMOHHBIE CBI31 MEXIY aKTUBHOCTBIO CEHCOMOTOpHOI Kopsl u BCP [3].

Hannuue cBsizeit mexny KorHUTUBHbIMU (pyHKIMsiMu 1 BCP oTtmevaeTcst u B psife pa-
60T apyrux aBTopoB. Tak, cHkeHHbIe 3HaueHuss BCP (SDNN u pNN 50%) cBsI3bIBalOTCS
C YMeHbIIIeHreM 3(GEeKTUBHOCTH TTPOIIECCOB pabodeii maMsITH 1 BHUMaHUsI, a TaKXKe C 3a-
MeIJICHUEM BpEMEHU peaklMu B TICMXOMOTOPHBIX TeCTax U CHYKeHueM 3¢ GeKTUBHOCTH
UX BbIMOJHeHUsT [4—6]. HampoTuB, yBeqnveHUe 3HAUYeHUIT BPEMEHHBIX XapaKTePUCTHK
BCP — SDNN u RMSSD ¢ onmHoBpemeHHbIM yMeHblieHueM QTVI (QT — variability in-
dex) KOppeIrpoBaJIO C Pe3yJbTaTUBHOCTBIO BBITIOJHEHUS MCUXO(MU3UOIOTUYECKUX MPOO
(TENMUHT-TECTa, U JpP.) U COKpaIlleHUeM BpeMEHH TICMXOMOTOPHBIX peakiuii [7].

CBs3b crnekTpaibHbIXx napameTpoB BCP ¢ MexaHuM3aMaMu HOATOBpeMEHHOU IMaMsITU
IoKa3aHa B paMKax COMHOJIOTUYEeCKUX UcclienoBaHuii. YBennuyeHue naaekca HF B Teve-
HUE CHa, 10 MHEHUIO aBTOPOB, OTpaXkaeT paboTy MeXaHW3MOB KOHCOJMIALMU CJIEIOB
MMaMSTU M aKTUBAIIMIO ACCOIIMATUBHBIX ITPOIIECCOB B Mo3re [8].

N3yyeHue Hpu3nonornyecknux MeXaHM3MOB ITPOLIECCOB BOCIIPUSITHSI, paboyeil mamMsTH,
BHUMAaHUSI, TIPUHATHUS PEIIeHUs, pacliO3HABaHMUS 3HAYMMBIX U HE3HAUYMMBIX CUTHAJIOB
MPU pelIeHUM CEHCOMOTOPHBIX 3a71ay C MOMOIIbIO METOJAa KOTHUTHMBHBIX BbI3BAHHBIX
MOTEHIIMAJIOB MO3BOJIMJIO YCTAHOBUTH MHOXKECTBEHHbIE CBSI3U MexXny uHaekcamu BCP
(rMSSD, pNN 50%, HF), BpeMeHHBIMU W aMIUTUTYIHBIMU XapaKTePUCTUKAMU BOJTHBI
P300. ABTOpHI neslaloT BBIBOA O BBICOKOI YYBCTBUTEIBLHOCTM MeTonma aHanusza BCP B
OlLIEHKE KOTHUTUBHBIX QYHKIMI U GYHKIIMOHAJIIBHOTO COCTOSTHUSA [9].

OOHapyXeHO BJIUSHUE TICUXO3MOIIMOHAJIBHOTO COCTOSIHUSI Ha KOTHUTUBHBIE (hyHK-
111, akTuBHOCTDH KOopbl 1 BCP. Tak, y BoeHHOCTyXallluX IIPYU MOJIEJIMPOBAHUU OOEBBIX
NeiCTBUI HAOJIOMAIOTCS CYIIEeCTBEHHbIE U3MEHEHUSI TToKa3artelieit BHUMaHUsI, TaMsITH,
MPUHSTUS PEIIeHU, TPEBOKHOCTU, OMOXUMUYECKUX MOKa3aTeseil KpoBU (TJIIOKO3bI) U
YPOBHS €€ OKCUTEHAlIMU, TeMIIepaTyphl Tejla, aKTUBAIUU KOPbI, TIPOUCXOISIINE BMECTE
C BO3pacTaHWEM OTHOCUTEIbHON MOIIHOCTU HU3KOYACTOTHBIX KosnebaHuit (LF) u cHu-
XXEHWEeM OTHOCHUTEJIbHOI MOITHOCTU B nuana3oHe Beicokux yactoT (HF). MccienoBate-
JIV YTBEPXKIAIOT, YTO MCUXO3MOLIMOHAIILHOE HAMpPsKEHUE B YCIOBUSX MOJEINPOBAHUS
00€BBIX AEMCTBUII BBI3BIBAET BBIPAXKEHHBIN IICUXO(MU3NOJIOTMYECKU OTBET OpraHu3Ma
Ha cTpecc, oOyClnaBIMBAIOIINN CEJICKTUBHBIC HAPYIICHUS MaMSITU, XapaKTep KOTOPBIX
3aBUCUT OT CUJIbI U MHTEHCUBHOCTHU BUTaJIbHOU yrpo3sl [10].

OtMeTM, 49TO OlieHKa 3(P(PeKTUBHOCTM KOTHUTUBHBIX (PYHKIHU B OOJIBIIMHCTBE
UMEIOIINXCS B JIMTEpaType paboT, MPOUCXOAUT C MTOMOIIbIO TICUXOMOTOPHBIX TECTOB U
MICUX0(PU3UOTOTUYECKUX MTPOO, B OCHOBE KOTOPHIX JIEKUT aHAIM3 BpeMEeHU peakIuii Ha
CTUMYJIbI pa3HON MOJAITLHOCTU. BO3MOXHO, IMEHHO MO3TOMY B HAIIIMX UCCIETOBAHUSIX
HanboJiee BbIpakeHHbIE B3aMMOCBS3M OTMedaroTcs Mexny BCP u GuosnekTpudecKoit
aKTUBHOCTBIO CEHCOMOTOPHOM U JIOOGHOM KOPBI, OTBETCTBEHHBIX 32 OOeCcIeueHe CEHCOo-
MOTOPHOM MHTErpalliu, TPUHSATUE PEIICHUI U BBICIIIE UHTETpaTUBHbIC (DYHKIIUU MO3Ta.

HeCMOTpr Ha UMCIOIIMECA B JIUTCPATYPEC CBECACHUA, KaCalolMECAd N3YyYCHNA B3aMO-
CBA3e MEXny 3JTCKTpO(bI/I3I/IOJTOFI/I‘{eCKI/IMI/I ITPOSABIICHUAMU KOTHUTUBHBIX d)yHKL[I/Iﬁ 4
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BCP, nanHbie, oslydeHHbIe pa3HBIMU aBTOPaMU, HEPENAKO TPYIHO COMOCTABUMBI MEXIY
co60it. C 0qHOM CTOPOHBI, 3TO MMPOUCXOIUT U3-3a TOTO, YTO aBTOPHI B CBOMX MCCJIEIOBA-
HUSIX TIO-pa3HOMY OMNpPEAC/sIIOT YaCTOTHBIE AMAIa30Hbl MEPUOIMYECKUX MOIYJISILII
cepaegHoro putMa [11—15]. C agpyroit CTOpoHBI, OOJIbIIIAS YaCTh PaOOT BBIIIOJIHEHA aBTO-
paMu C OIOpO Ha TPAAUIIMOHHO BBIAEsSIEMble YACTOTHBIC THAITa30HbI MOMYJISILIAI cep-
neugnoro putMma (VLF 0.0033—0.04 I'; LF 0.04—0.15 I'u; HF 0.15—0.40 I'ur), yTo 3aTpyn-
HSIET oTmpenesieHue 0oJiee y3KOro YaCTOTHOTO TUaria3oHa, HEMOCPEACTBEHHO CBSI3aHHOTO
C KOTHUTMBHOM IesiTeIbHOCThIO. HekoTopble aBTOPHI MOAYEPKUBAIOT HATMYKE MaJoro
YuCa UCCIIeTOBAHUA, TIOCBSIIIEHHBIX TOUCKY TOUHBIX (PU3MOTOTUYECKUX TOKA3aTEIbCTB
CYIIECTBOBAaHMSI HEMEPEKPHIBAIOIIMXCSI YACTOTHBIX 30H KOJIEOAHUI CEpIeuHOro pUTMa 1
YETKMX I'PaHULL MEeXIy HUMU [ 16].

C y4eToM BCETO BBIIIEU3IOXKEHHOTO MBI BIIpaBe TMPEANON0XUTh, YTO MEPUOINIECKUE
MOJIYJISIIAM CEpIeYHOrO0 pUTMa Ha 6oJiee KOPOTKMX OTpe3KaX CIeKTPaJIbHOTO Avarna3oHa
MOTYT OBITh CBSI3aHbI C aKTUBHOCTBIO CEHCOMOTOPHOI KOPBI IPY KOTHUTUBHOI Harpyske.

Lenb uccnenoBaHust: ONPENETINTD CBS3U MEPUOANUYECKUX MOAYJISIIINI CEpIeYHOrO puTMa
C YPOBHEM aKTMBHOCTH CEHCOMOTOPHOI KOPBI B IMPOIIECCE KOTHUTUBHOM AESITEIbHOCTH.

METOAbI UCCIIEJOBAHUA

O06beM BBIOOPKM cOCTaBUII 42 KypcaHTa TepBoro kKypca BoeHHoro nHcruryra (BoeH-
HO-Mopckoro) BoeHHoro yuyebHo-Hay4yHoro lieHTpa BoeHHo-Mopckoro ¢iora “BoeH-
HO-MopcKast akagemust”. CpegHuit Bo3pact obciremyeMbix — 18.0 &+ 0.7 met. Bee ncnbity-
eMble ObLTY TPABOPYKUMHU.

Perucrpanus snekrposHiedanorpahuiecKux U 3JeKTpoKapauorpapuieckKmx rapa-
METPOB TTPOUCXOAMIIA OMHOBPEMEHHO C TMPEIbsBIIEHUEM TECTOBBIX 3a7ay, TPEOYIOIINX
IUJTSI X pelleH’s 3aIeiiCTBOBaHNE KOTHUTUBHBIX (DYHKIUIMIA BOCIIPUSITUSI, CEJIEKTUBHOTO
BHUMaHMUs, paboyeil maMsITU, MPOCTPAHCTBEHHOW OpUEHTALIMU, MPUHSTUS PELIeHUsT U
MBIIIUIEHUS.

Kputepusimu BKItoueHUsT B BBIOOPKY NMCUXO(MU3UOIOTMYECKOTo 00CIen0BaHUS SIBJISI -
JIUCh: TOOPOBOJIBHOE COrIache Ha MPOBENeHUE UCCIeN0BaHUS, TTOJOXKUTEIbHASI CYOBhEeK-
TUBHAs OlIEHKA CAMOYYBCTBUS 1 KayeCTBa CHA, OTCYTCTBUE TPOTUBOMOKA3aHUM K TIPO-
XOXIECHUIO 00CIeIoBaHUS TI0 TPUYMHE 3a00yieBaHUI, OOBEKTUBHASI TOJOXUTEIbHAS
OlLIEHKA TeKYIIEro HeEPBHO-TMICUXUYECKOTO COCTOSIHUS, TIoJydeHHas ¢ nmomolipio Tecta
IIBETOBBIX BbIOOPOB Jltolliepa mo mokasaTresisiM BereTaTUBHOTO KoadduiimeHTa u cym-
MapHOTO OTKJIOHEHUS OT AyTOT€HHOI HOPMBI.

st mpoBeneHust Ncuxodu3noJornyeckKoro UCCaeI0BaHUsl UCIIOIb30BaJICs anmapar-
HBII KOMITJIEKC OOBEKTUBHOTO TMICUXOJIOTUYECKOTO aHalin3a U TecTupoBaHus “Peakop” c
yactortoit nuckperuzauuu — 250 'y (mpousBonuteab Menukom MT/I, r. Taranpor). Pe-
rucTpanusl 3jekTposHledanorpaduyeckux U 3JaeKTpokaparuorpaduyeckux rnokasare-
Jieil ¢ OMHOBPEMEHHBIM TIpeIbsBIEHUEM TICUXO(MU3NOJOTMYECKUX TECTOB MPOU3BOIM-
JIach C KaXXIbIM UCTIBITYEMbIM UHAUBUAYAJILHO B TeueHue 40—45 MuH.

Kaxngomy ob6ciienyeMoMy NMpeabsBisiiioch BOCeMb cepuii (yHKIMOHAIBbHBIX pod (PIT)
B CJIEYIONIEH TTOCTIeNOBaTeIbHOCTH:

1. B COCTOSTHUM TTOKOSI C 3aKPBITBIMMU TJIa3aMu ((OH);

2. B COCTOSTHUY MMOKOS$I C OTKPBITBIMU IJ1a3aMU;

3. B iepuon BeimoaHeHus Tecta “KpacHo-uyepHble Tabmunbl Illynsre—IlnaTtonosa”
(7 X 7 19eeK);

4. BO BpeMsI BHITTOJTHEHUs TecTa “Yackl ¢ TOBOpOoTOM”;

5. B MOMEHT BBITIOJTHEHUSI TecTa “Peakiust Ha nBuxKyiuiicss oobekr” (P10O);

6. mpu NMpeabIBIIEHUN 320249 “YCTHBIN cUeT” MPU 3aKPHITHIX IJ1a3aX;

7. B COCTOSTHUU TTIOKOS$I C OTKPBITHIMU TJIa3aMU MOCJIE KOTHUTUBHBIX (DYHKIIMOHATBHBIX
npo6 (K®PIT);

8. B COCTOSIHUM TTOKOSI C 3aKpbIThIMU ITazamMu nocie KPII.
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Bpewms peructpaiim 3;1eKTpopU3n0I0IrMYeCcKX ITapaMeTPOB B KaXKIION CEprUM — 5 MUH.

Mertonuka “KpacHo-uepHble Tabnuiisl Lynsre—IInaroHoBa” mcmonab3oBaiach B Ka-
YyeCTBe KOTHUTUBHOM Harpy3Ku, TpeOylolleil 3anelicTBOBaHMsI CBOMCTB MEPEeKIIOUEHUS 1
pacripeneneHus] BHUMaHus; MeToauka “Yacel ¢ MOBOpOTOM” CiIyXKWJia ISl aKTUBAIlUU
(yHKIIMM BOCHPUSTUS TTPOCTPAHCTBEHHBIX TMTPU3HAKOB U MPOCTPAHCTBEHHOI OpueHTAa-
uuu; Meroauka PO ucnonp3oBaiace s M3y4eHUS] BOCTIPUSTUS U3MEHEHUM Ipo-
CTPaHCTBEHHO-BPEMEHHBIX COOBITHIT; METONUKA “YCTHBII CcYET” MpU 3aKPBITHIX IJIa3ax
MpeaHa3Havyaaach ISl OLIEHKU ObICTPOTHI MBICJUTENIbHBIX TTPOLIECCOB MPU BBITTOJHEHUU
MPOCThIX apudMETUYECKUX neicTBuit. it permeHust JaHHOU 3amavyu 3a/1eiCTBOBAINCH
BepOaJIbHO-JIOTMYECKOE MBILIJIEHUE, ONIEpaTUBHAs aMsITh, BHUMaHUE, TPOSIBIISLIIUCH CITO-
COOHOCTH K BBITIOJTHEHUIO YMCJIOBBIX OTEepaluii U CUeTHbIE HaBbIKW. BhIMoMHEHWE yCTHO-
ro cuera MpM 3aKPbITHIX IVIa3ax MpearnojiaracT 3HaYMTEIbHYI0O KOTHUTUBHYIO Harpy3Ky u
MPU 3TOM MaKCUMaJIbHO MUHUMU3UPYET BIUSHUE JIEKTPOOKyIorpaduueckux apredax-
TOB TIPY OTHOBPEMEHHOI PeTUCTPALIMU JIEKTpOodHIIedamorpahuiecKux napaMeTpoB.

buosnexTpryeckass akTUBHOCTb TOJIOBHOTO MO3Ta perMCTPHUPOBAIach B JIEBOM U MPABOM
neHTpatbHBIX oTBeAcHUsIX (C3 1 C4), pacoioskeHHBIX 110 cTaHmapTHoU cucteme 10—20 B
CMMMETPUYHBIX TOYKAX MIPaBOro 1 JIEBOro noiyiapusi. BEI0op Takux oTBeAcHUT 00yCIIOB-
JieH crietudukoin pyHKIMI CEHCOMOTOPHOI KOPbI MO3ra, T IMPOUCXOSIT MPOLIECCHI CeH-
COMOTOPHOI MHTETpallNM, a TAKXKe PETUCTPUPYIOTCS BJIEKTPUIECKUE MOTEHIIMAIBI C MUHU -
MaJIbHBIM KOJIMYECTBOM apTedakToB, BO3HUKAOIINX B xoae BbinojHeHus: KDIT [17].

PedepenTHblie anekrponst (Al, A2) pacrionaramch B 06JIaCTH COCLIEBUTHBIX OTPOCTKOB.
Bennuuna nmnienaHca He npesbiiiana 10 kKOm. IlonyyeHHBbIe 3anucu ObLUIM 00paboTaHbI
10710coBEIM QuIbTpoM 0.5—35.0 I'm. OuleHKa ypoBHSI OMO3JIEKTPUIECKON aKTUBHOCTU
CEHCOMOTOPHOI KOpPbI TOJIOBHOTO MO3ra MPOBOAMIACH IO YPOBHIO NTE€CUHXPOHU3AIUU
B3I no KaxaoMy OTBEIEHUIO, KOTOpasi 3aKJII0YAeTCs B YBEJIUUEHUU YaCTOThl U YMEHb-
IIEHUW aMIUIUTYAbl OCHOBHBIX PUTMOB W CBUAETEIbCTBYET O BO3pacTaHUM (PYHKIIMO-
HaJIbHOI aKTUBHOCTU KOPbI U MOJIKOPKOBBIX 00pa30BaHUl TOJJIOBHOTO MO3Ta.

Buauane onpenensinck abCOMIOTHEIE 3HaYeHMs MoIlTHocTeil (A3M) 10 OCHOBHBIM

30HaM criekTpa DI B KaxXnoM n3 oTBeaeHuit (MKB2). [Iist 9TOro KaxXaplif MSITUMUHYT-
HBII Y4aCTOK 3JIeKTpOdHIIedamorpaMMbl ObLT pasfeiieH Ha CErMEHThI JUTMTEIbHOCTHIO B
OIHY CEKYHIy, UTO ITO3BOJIMJIO IpoaHaJu3npoBaTh oKogo 300 310X M MPOBECTU CHEeK-
TpanbHbIli aHanu3 DD Ha ocHOBe TpeobpaszoBaHuss Pypre. [anee BHINOIHSIIACH Z-CTaH-
JapTusauus nokasateseit A3M, Moay4eHHBIX JaHHBIX IO (popMyne: z = x — x./C, e Z —
CcTaHmapTH30BaHHOE 3HaueHe A3M; x — 3HaueHne A3M; Xep — CpefiHee apudmMeTIecKoe
A3M 110 Bceit BBIOOpKE MCHBITYEMbIX; G — CTaHIApPTHOE OTKJIIOHEHHUE IO BCeil BHIOOpKE
ucnbiTyeMbIX. CIIoco0 OLIEHKM YPOBHS IeCUHXpOHU3ALUKU DD COCTOSIT B TOM, UYTO IS
Ka’XIOTO OTBEIEHUs OMpEeNnesIsIi AUara3oH, B KOTOPOM CTaHAapTU30BaHHOE 3HaYeHUE
A3M MakcuMaiabHO. B COOTBETCTBUHM CO LIKAJIOM OT 1 10 6 6a/JTOB ONpenesIscsd ypOBEHb
necrmHxpoHn3anuu DOI° B KaxXooM M3 OTBeIeHUI. YPOBEeHb IECUHXPOHM3AUN B 1 6ant
COOTBETCTBOBaJI IIPeoOIagaHNI0 CTaHIAPTU30BAHHOIO 3HA4YeHUST MOIMHOCTH DI B
nenbTa-1-muamnazone (0.50—2.0 I'x), 2 Ganna COOTBETCTBOBAIM JejIbTa-2-AuaIia3oHy
(2.0—4.0 T'n), 3 6anna — tera-nquamnasony (4.0—8.0 I'n), 4 Ganna — anbda-nuanazoHy
(8.0—13.0 I'ry), 5 6amnoB — Geta-1-auanaszony (13.0—24.0 I'tr), 6 6aI0B COOTBETCTBOBA-
JIM 9acTOTHOI mojoce 6era-2 (24.0—35.0 I'm). Takum obpa3oM, ObLI IIpUMEHEH WHTE-
rpaJIbHBII MOAXO0/ K OLIEHKE CYMMApHOT'O YPOBHSI OMO3JIEKTPUYECKON aKTUBHOCTH MO3-
ra, OCHOBaHHBIM Ha OTpeNeSICHUH YPOBHS NeCUHXpOHM3anu DD, KOTOPHIil yCTIENTHO
WCIIONIb30BAJICS HAMU U B MPEABIAYIIMX UcchaenoBaHusx [1—-3, 18, 19].

CepledyHblii pUTM PETUCTPUPOBAJICS 3JIEKTpOKapanuorpauieckKu. DIeKTPOabl 11 3a-
nucu ayekTpokapauorpaMmel (DKI') pacnonaranmich Ha 3aMsICThe JIEBOI PYKM 1 HIDKHEN
TPETH 1IeU ceBa U KMEePeau OT TPYANHO-KITIOUYNYHO-COCLIEBUIHOMN MBIIIIIIBI.

C OMOIIBIO ITPOrpaMMHOTr0 00eCIIeYeHMSI aIllapaTHOro Kominiekca “Peakop” Ha D3I
OBbUIM BBISIBJICHBI U BpYYHYIO YAaJIeHbI BhIpa>K€HHBIE TJ1a30ABUraTe/IbHbIC U MBIIIICYHBIC ap-
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TedakThl. IS momaBiaeHUsI OCTaBLIMXCS 3JIeKTpoKapauorpapuieckKux, Muorpadpuieckux
U OKyJIorpadmIecKuX apTedakToB P BHITOJTHEHUY KOTHUTUBHBIX 3a1a4 UCITOTb30BAINChH
Takue (YHKIIMU TTPOrpaMMHOTO 00ecIieueHsI KaK CIIIaXKMBaHUE U MHTEPIOJISILIUS BBIOPO-
COB U OINMMOOYHEIX HAaHHBIX. YdacTku 3armcu DKI', Ha KOTOpBIX BBISIBIICHBI HAPYIIICHUS
pUTMa U TIPOBOIMMOCTHY OBbLTA MCKIIIOYEHBI U3 aHaiu3a. M3 ocTaBIIMXCS YYaCTKOB IS
KaXKIOTro MCIBITYEMOTO BbIIEIeH HeMpephIBHbIN psia, coctosuii u3 300 RR-uHTepBanos.
Ananmu3 BCP 3akimiodarncst B 4aCTOTHOM aHain3e 3TUX psaoB. C ITOMOIIBIO YUCIEHHOTO
npeobpaszoBaHus Pypbe MolydeHa nepuomorpaMma cepaedyHoro putMma. Omnpenenenst 150
(N/2 = 300/2 = 150) rapmoHuk konebannii RR-uHtepBanioB B nuamnasoHe yactot ot 0 1o
0.5 xonebaHwuit Ha KaparuonHTepBas (Koj/Ku) v ¢ marom B 1/300 koii/ku. Takum oGpa3om,
ObLTY TIOJTyYeHBI aMIUTATYIBI TIEPUOANYECKIX MOMYIISILIMI CepIeyHOro puTMa Ha orpene-
JIEHHBIX 4aCTOTax, MTOKa3bIBaloIIie HACKOJIbKO CEKYH]I 3aMeUTSICS VI, HA00OPOT, YCKO-
PSUICS CEpACYHBIA PUTM 32 COOTBETCTBYIOLLIMI ITEPUO/I.

[ ycraHOBIIEHUST B3aMMOCBsI3eil Mexxay napamerpaMu BCP 1 ypoBHIMM JeCUHXPO-
Huzauuu DO mis kaxnoi cepun PIT MpoBoAMICS KOPPEISUMOHHBIN aHamu3 CriupMe-
Ha. OlleHKa TOJIOXUTEJBHBIX M OTPMIATEIbLHBIX KOPPENISIINH MeXAy IoKazaTelIsIMU
BCP u 93I' nmo3Bonuia omnpenejnTb NpsiMble W oOpaTHbIe (DYHKIIMOHAJIbHBIE CBSI3U
MEXIY CEHCOMOTOPHOM KOPOM, OTBEYAIOILIEHN 32 OCYIIIECTBIEHUE CEHCOMOTOPHOI UHTE-
rpalii CTUMYJIOB TIPU pellleHM KOTHUTUBHBIX 3a7a4 U A€ TeTbHOCTBIO CepIAeIHO-COCY-
JNIUCTOM CUCTEMbI, HETIOCPEICTBEHHO peau3ylolieil afanTallMOHHbIe peaKiui OpraHu3-
Ma. KpuTepusaMu cTaTUCTUIECKON 3HAYMMOCTH PEe3YJIbTaTOB ObUTH: KO3(POUIIMEHT KOP-
PEJISILUM F C COOTBETCTBYIOLIMM 3HaYe€HUEM YpOBHs focToBepHOCTH (p < 0.05; p < 0.01;
» <0.001), mocTpoeHUE CKaTTEepOrpaMM JIJIsl BU3yaJIbHOTO aHaIi3a perpe3eHTaTUBHOCTH
KOPPEJISILIMOHHBIX CBSI3EM.

Hanee nmapametpsl D3I 1 BCP, nnpoaeMoHCcTpupoBaBIiline TeCHbIE KOPPEISIIIMOHHbIC
cBsi31 Ha ypoBHe 3HauuMocTu p < 0.01 u p < 0.001, nociie npenBapuTeIbHONM Z-CTaHIap-
TU3aIlMH, BKIIOYAJINCh B (DaKTOPHBINM aHamu3. JIJIsi 060CHOBAaHUS METOHOJIOTUIECKOTO
npueMa OleHKH aAeKBaTHOCTU MPUMEHEHHOTO HaMU1 aHau3a psifa Mocaea0BaTeIbHbIX
3HaUYCHUI KO3(hOUIIMEHTOB KOPPE/SILIMKA W BHISIBICHUST HanOojiee 3HAYMMBIX CBsI3eit
MMPOBOAMJICS SKCTIJIOPATOPHbII (DAKTOPHBII aHAIN3 METOAOM TJIABHBIX KOMITOHEHT.

C 1epio yTOUHEHUS pe3yJibTaTOB KOPPEISLIMOHHOTO aHaIu3a U OMpe/iesieHUs rnapa-
MeTpoB BCP, oO6HapyxXuBaloimx Haubosee TeCHYIO CBsI3b C aKTUBHOCTBIO CEHCOMOTOD-
HOI1 KOpBI TOJIOBHOTO M03Ta B Kaxmoii PI1, 6bL1 UCITOJB30BaH MHOXECTBEHHBII perpec-
CHUOHHEBIN aHAJM3 C IIaroOBBIM OTOOpOM Hambojee 3HaYMMbIx napameTpoB BCP, Bxiio-
YEeHHBIX B YpaBHEHUE JMHEWHON MHOXECTBeHHO# perpeccuu. Takue mapameTpsi BCP
MPEeACTaBIsUIN COOOI He3aBMCUMBIE TIepeMEHHbIE, BIIUSIONIME HA YPOBEHb JECUHXPOHM -
3auuu DOI — 3aBuUcuUMYyIO TIepeMeHHY0. KputepusiMu BKIIOUeHUST TTapaMeTPOB B ypaB-
HeHue Obla BeposiTHOCTh F < (.05, a kpuTepreM UCKIIoUeHUs Oblia BeposiTHOCTD F = (.1.
PaccunTtsiBasicst Ko3(DOULMEHT IeTepMUHALNY R2 [UTST OLIECHKH JOJIM OOBSICHEHHO IHC-
repcuu, a Takke Kputepuit duiepa U ypoBeHb CTATUCTUIECKON 3HAUUMOCTH TSI TIO -
TBEPXKICHUS aIeKBATHOCTU MOCTPOEHHOU peTpecCUOHHOI MOJEH.

PE3YJIIBTATBI NCCIIEAOBAHUWA 1 X OBCYXIEHUNE

OOHapyXeHbl MHOXECTBEHHBIC B3aMMOCBSI3U MEXIY aMIUIMTYAaMU MePUOINYECKUX
MOIYJISILIUIA CepACIHOTO PUTMA U YPOBHIMM JeCUHXpoHU3anuu DT, 3aBUcSIIE OT BU-
J1a KOTHUTUBHBIX 3a1a4.

IMepen neTaJbHBIM pacCMOTPEHUEM OOHAPYKEHHBIX CBsI3eit 11eJ1ecoo0pa3HO pacCMOT-
peTh cpemHMe 3HaUYeHUs YpOBHEN fecMHXpoHM3aluu DD B IeBOM M IpaBOM LIEHTPaIb-
HOM OTBEIEHUH, a TAaKXe BEJIMUMHBI aMIUIUTYIl MOAYJISILIMI CEPIEYHOTO PUTMa BO BCEX
cepusix uccaenoBaHus (Tabu. 1).
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Ta6auna 1. 3HaueHus ypoBHeil necunxporusauuu DI B otBeneHusx C3 u C4 1 aMIUIUTYA MOIY-
JISIIIAIA CepIeYHOTO PUTMa B BOCBMU CEPUSIX

Table 1. The levels of EEG desynchronization in C3 and C4 leads and the amplitudes of modulations
of the heart rate in 8" series

JmarenbHocTh RR-uHTEpBaOB, MC
Duration of RR- intervals, ms

0.023 oscillation/cardio interval
0.103 oscillation/cardio interval
0.436 oscillation/cardio interval
0.053 oscillation/cardio interval
0.129 oscillation/cardio interval
0.486 oscillation/cardio interval

Cepusi/MHIEKC
Series/index
C3,0/B,y..
C3, o/, a.u.
C4,0/B, y.e.
C4, 0/B, a.u.
C3, 6annl
C3, points
C4, 6annbt
C4, points
0.023 kos/Ku
0.103 kon/xu
0.436 xon/ku
0.053 kos/ku
0.129 kosn/xu
0.486 xoi1/Ku
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Ta6auma 1. OKkoHuyaHUE
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B Tabnuiie npeacTaBieHbl CPEIHME 3HAYCHUS] U CTAaHAAPTHbIE OIINOKY CPETHUX 3HAYCHM I N3y4aeMbIX MTOKa3a-
TesIeil B 8-MU CcepusIX MCCIIeIOBaHMsI; 1IBETOM B OJHOI CTpOKe, MapaMu, BblAEJIEHbI MOKa3aTeIu, MPoIeMOH-
CTPUPOBABILKE HAOOJIEe TECHBIE KOPPEJISILIMOHHbIE CBSI3U.

In the table are presented the mean values and standard errors of mean values in § series of research; the correla-
tions locates in colored steams of cells in one line of the table.

W3 Tabmn.1 BUOgHO, YTO caMbIif BBICOKMM YPOBEHbB JHeCMHXpoHM3anuu DD oTMeuascs
MpY pelieHuy aprudMeTrndecKux 3amad B oreaeHuu C3 (3.76 £ 0.29), a Takke 1Ipu BbI-
noiaHeHun Tecta “KpacHo-uepHble Tabmuibl Lllynsre—IlnaronoBa” B orBemeHuu C4
(3.76 £ 0.25). LIBeTOM IT0 CTpOKaM BBIIEIEHBI Maphl MTOKa3aTeeil YPOBHS JECUHXPOHU-
3auuu OO M aMIUIUTYI MOAYISIIIAI CEpAEYHOr0 pUTMA Ha OMpeNeIeHHbIX 4acTOTax,
MPOJIECMOHCTPUPOBABIIIMX Haubojee TecHble CBSA3U. OTMETHM, YTO TIPU BBITTOJHEHUM
®I1 ¢ 3aKpBITEIMU U OTKPBITEIMU TJ1a3aMu 10 U nocie K®IT pnurenbHocth RR-uHTEp-
BaJIOB ObL1a OoJblIE, YEM TPU PELIEHUM KOTHUTUBHBIX 3a1a4. CaMble HU3KUE 3HAYEHUSI
nnutenbHocTeit RR-uHTepBamoB ormevanuch B KPIT “KpacHo-uepHble TaOIUIIBI
[ynpre—ITnaToHoBa” u “YCTHBII cueT”, 3TO MOXET SIBISIThCSI CBUACTEIBCTBOM TOTO,
YTO TaHHBIE TECTHI SIBJISLIMCH TSI 00C/IenyeMbIX HanboJiee SHepPro3aTpaTHbIMU.

[TonTBepXIeHWEM 3TOTO CIYXKUT TaKKe 1 TO, YTO MPU pellIeHUU apruMETUIECKUX 3a-
a4y y GOJIBIIIMHCTBA KYpCaHTOB (26.2%) Habmomajicss MaKCUMAaIbHBII YPOBEHb TeCUH-
xpoHu3aumu DI B JIeBOM IeHTpaIbHOM OTBeAcHUM (Tadi. 2). Heo6xognMo OTMETHUTH,
YTO MaKCUMaJIbHBII YpOBeHb AecMHXpoHM3aunu DO B 6 6a/UIOB, B paMKax IMpejio-
KEHHOTO HaMU MeTola, O3HayaeT TOo, YTO OeTa-2 auarna3oH HEeCKOJIbKO 0oJjiee BbIpa-
JKEeH, a 0oJiee HU3KOYACTOTHbIC NUAMNa30Hbl OCIA0JIEHbI MO CPaBHEHUIO CO CPEAHUM
YPOBHEM JIECMHXPOHU3aIUM B 3TUX Juana3oHax. TakuMm obGpa3oM, 3HAYCHUS ypOBHE
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Taomuua 2. KonnyecTBo KypcaHToB (%) ¢ TipeobianaHueM TOrO UM MHOTO YPOBHS TECUHXPOHU-
3auuu OO B orBeneHusix C3 u C4 B BOCbMU CepUSIX

Table 2. Sampling fraction (%) of cadets with various levels of EEG desynchronization in C3 and C4
leads in 8" series
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1 9.5 1167 | 19.0 | 19.0 | 19.0 | 14.3 9.5 | 143 | 143 | 167 | 16.7 | 16.7 | 19.0 | 16.7 |21.4 | 19.0
2 214 | 19.0 | 119 [ 143 [ 19.0 71 | 19.0 | 143 | 16.7 | 16.7 | 16.7 | 11.9 | 143 | 143 [ 19.0 | 143
3 16.7 | 11.9 | 11.9 | 11.9 | 143 |21.4 | 19.0 | 143 [ 143 | 143 7.1 | 11.9 9.5 9.5 9.5 9.5

4 16.7 | 16.7 |23.8 |21.4 | 143 |21.4 |23.8 (214 | 214 [16.7 |19.0 | 19.0 | 19.0 |26.2 | 19.0 |21.4

5 1.9 | 11.9 [ 143 | 143 |19.0 | 16.7 4.8 | 143 71 | 143 | 143 |23.8 | 16.7 | 16.7 | 11.9 | 143

6 (238 238 19.0 | 19.0 | 143 | 19.0 | 23.8 | 21.4 | 26.2 | 21.4 (26.2 | 16.7 | 21.4 | 16.7 | 19.0 | 21.4

ZKupHbiM 11pudTOM BBIACTICHBI MAKCUMAJIbHBIC 3HAUEHUs 10Jieil KypcaHTOB (%) ¢ mpeobiajaHueM TOro Win
MHOTO YPOBHS IeCUMHXpOoHU3auu DT .

The maximum sampling fraction (%) of cadets with various levels of EEG desynchronization allocates in cells with
extra bold.

necuHxpoHuszauu DOI Hemb3si UHTepIPETUPOBATh TaK Xe, KaK U 3HAYEHUS CIIeKTPaib-
HOI MOIIHOCTU. DTO YTBEPXKIEHUE MOATBEPXKAAETCS B XO/I€ PACCMOTPEHUS AUHAMUKU
WHAEKCOB 0./P, pacCUMTaHHBIX IO MOKAa3aTeIsIM abCOTIOTHBIX CIIEKTPAIbHBIX MOIIHO-
CTeil, B pasHbIX cepusIX UcciienoBanvsi. I3 tabir. | BUIHO, 4TO MHAEKCHI O/ MaKCUMaITb-
HBI B cepusix 10 1 rmocie KDIT rmpu 3aKphITHIX T1a3aX, YTO TMTOJTHOCTBIO COTIACYETCST C U3~
BECTHBIM (hDeHOMEHOM yCWIeHUS alib(ha-aKTUBHOCTU TIpy mpoBeaeHum stoii PI1. Ha-
MpoTuB, Tipu TipoBeaeHnu KPII, nmpoucxonur ycwieHue CIeKTpaabHO MOITHOCTH B
OeTa-auanasoHe.

Jlanee pacCMOTPUM CBSI3U MEXIY YPOBHSIMU AeCUHXpoHu3auuu D3I u nmepuoanye-
CKUMU MOIYJISIUUSMHU CEPACUYHOTO pUTMA Ha Pa3JIMYHBIX YaCTOTaX MoapoOHee, 0OpaTUB-
LIUCH K Pe3yIbTaTaM KOPPEeJISILIMOHHOTO aHaIn3a.

Taxk, KoTU4IeCcTBO KOPPEJSILINii YCTAHOBJIEHHBIX B YCJIOBUAX pasHbix PIT cyiecTBeHHO
paznuyaetcs. Camoe 60JIbIIOe KOJMYECTBO KOPPEISIIMOHHBIX CBSI3€il OTMeUaeTcs B ce-
puu “Yacsl ¢ moBopoTroMm” (25 11t.) (Tada. 3).

MuHUMAabHOE YMCJIO CBsI3eii onpeneneHo mpu BeinonaHeHun KPIT “KpacHo-yepHbie
tabauubl Lynsre—ITnaTonosa” (1 mT.), a TakKe B XO/Ie perucTpallui (OHOBBIX ITOKA3a-
Teneit no npeabsBieHuss KOIT (3 mT.).

KonnuecTBo cTaTUCTMUYECKN 3HAYMMBIX KOPPEJISAlMii B (hyHKIIMOHATBHBIX MTPOOax c
OTKPBITHIMM (8 IIT.) W 3aKpHITBIMU MMazamu (9 mr.) mociae KPIT mensine, yuem B KDIT
“Yacel ¢ moBopoToM™ (25 1mt.) u “YcrHblii cuer” (13 miT.) (Tadm. 4).

MoXHO MpeArnoNoXuUTh, YTO MPU KOTHUTUBHOI Harpy3ke B BUJIE HEOOXOIMMOCTU
pelIeHUs MPOCTPAHCTBEHHBIX M apu(METUYSCKIUX 3a1a4 OTHOLLIEHUSI MEXIy TToKa3aTe-
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Taomuua 3. Koppesiiuu MexXay 4acTOTOi MOAYJISILUAI CepiedHOTro puTMa (KOJI/KU) U YPOBHEM Jie-
cunxpoHuzauuu DI B orBeneHusix C3 wim C4 B pa3Hbix OI1
Table 3. Correlations between frequencies of the heart rhythm modulations (oscillation/cardio inter-
val) and levels of EEG desynchronization in C3 and C4 leads in various functional tests

Yucio Koppessiiuit KOI;[I;EJ:;[I;}T/}S;:MG - P
Number of correlations Correlations s
®on “I'naza 3aKpHITH”
Functional test with “Closed eyes”

1 0.023 koun/ku (oscillation/cardio interval) & C3 —0.33 0.03

2 0.026 xon/xu (oscillation/cardio interval) & C3 —-0.32 0.04

3 0.469 xon/ku (oscillation/cardio interval) & C4 0.33 0.03

K®IT “KpacHo-uepHble Tabauubl Lynsre—ITnaronosa”
Psychophysiological test — “Schulte’s test”
1 ‘ 0.103 kou/ku (oscillation/cardio interval) & C4 ‘ —0.34 0.03
K®IT “Yacer ¢ moBopoTom”
Psychophysiological test — “Clock with a turn”

1 0.093 xon/ku (oscillation/cardio interval) & C3 —0.34 0.03

2 0.096 xon/xu (oscillation/cardio interval) & C3 —0.34 0.03

3 0.123 xon/xu (oscillation/cardio interval) & C3 —0.33 0.03

4 0.126 xou/xu (oscillation/cardio interval) & C3 —0.32 0.04

5 0.15 xon/xu (oscillation/cardio interval) & C3 —0.33 0.03

6 0.23 kon/xu (oscillation/cardio interval) & C3 —0.34 0.03

7 0.233 kou/ku (oscillation/cardio interval) & C3 —0.33 0.03

8 0.236 kou/ku (oscillation/cardio interval) & C3 —0.32 0.04

9 0.266 xon/ku (oscillation/cardio interval) & C3 —0.31 0.04
10 0.36 xou/ku (oscillation/cardio interval) & C3 —-0.32 0.04
11 0.363 xoun/ku (oscillation/cardio interval) & C3 —0.33 0.03
12 0,383 koxi/xu (oscillation/cardio interval) & C3 —0.33 0.03
13 0.386 xos/ku (oscillation/cardio interval) & C3 —0.32 0.04
14 0.389 koun/ku (oscillation/cardio interval) & C3 —0.31 0.04
15 0.426 xon/xu (oscillation/cardio interval) & C3 —0.37 0.02
16 0.43 koa/xku (oscillation/cardio interval) & C3 —0.39 0.01
17 0.433 kox/ku (oscillation/cardio interval) & C3 —0.47 0.002
18 0.436 koa/ku (oscillation/cardio interval) & C3 —0.49 0.001
19 0.439 kox/ku (oscillation/cardio interval) & C3 —0.46 0.002
20 0.443 koa/ku (oscillation/cardio interval) & C3 —0.42 0.01
21 0.446 kox/ku (oscillation/cardio interval) & C3 —0.38 0.01
22 0.453 xon/ku (oscillation/cardio interval) & C3 —0.31 0.04
23 0.456 xon/xu (oscillation/cardio interval) & C3 —0.31 0.04
24 0.463 koin/ku (oscillation/cardio interval) & C3 —0.33 0.03
25 0.476 kon/xu (oscillation/cardio interval) & C3 —0.31 0.04
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Taoauna 3. OKoHYaHUEe

Yucno Koppeassumia Koppesmpyiome
. rmapaMeTpbl r, p
Number of correlations . s
Correlations
K®IT “Peakunst Ha ABUKYIIMIACS OOBEKT”
Psychophysiological test — “Reaction to a moving object”
1 0.043 koa/xu (oscillation/cardio interval) & C3 —0.37 0.02
2 0.046 xoa/xu (oscillation/cardio interval) & C3 -0.37 0.02
3 0.05 koa/xu (oscillation/cardio interval) & C3 —0.4 0.01
4 0.053 koa/ku (oscillation/cardio interval) & C3 —0.42 0.01
5 0.056 koa/km (oscillation/cardio interval) & C3 —0.32 0.04
6 0.353 koin/ku (oscillation/cardio interval) & C3 —0.31 0.05
7 0.36 xou/ku (oscillation/cardio interval) & C3 —0.33 0.03
8 0.4 xon/xu (oscillation/cardio interval) & C3 —0.32 0.04

JsiMu BCP 1 akTUBHOCTBIO CEHCOMOTOPHOM KOPHBI TOJIOBHOTO MO3Ta CTaHOBSTCS OoJiee
BBIPAXKCHHBIMU B CPABHEHUM C 3TUMU OTHOIICHUSIMU B COCTOSTHUM OTHOCUTEJIBHOTO
MTOKOSI.

YcTaHOBIIEHO, YTO BUJ KOTHUTUBHOM 3a1a4 ITO-pa3HOMY BIIMSIET Ha XapaKTep Koppe-
JIIIIMOHHBIX cBsI3eit Mexxny napameTrpamu BCP u ypoBHsiMm necuaxpoHmu3zanuu D3I B
IIPaBOM U JIECBOM IIEHTPAJTbHBIX OTBEACHMSIX.

N3 ta6u. 1 u 2 BunHo, yro B KPII “Yacel ¢ moBopotoM” n “PHO” 3HaYEHUS] aMILIN-
TYI TIEPUOANYECKUX MOIYJISILIAIN CEpAEYHOTO pPUTMa KOPPEIUPYIOT C YPOBHSIMU JAECHH-
xpoHuzanmu DI, 3aperMCTPUPOBAHHBIX TOJBKO B JICBOM ILIEHTPAJIbLHOM OTBEICHUM.
B xomge K®IT “YcTHbIi cueT” MpU 3aKPhITHIX [NIa3aX CTATUCTUYECKU 3HAYMMbIE KOPPEJIs-
I OTMEYAIOTCs MEXIY aMIUIUTyJaMu MOIYJISIIIAN pUTMa ceplla U YPOBHSIMM ISCHUH-
xpoHu3auuu DI B 0001X LEHTPATbHBIX OTBEACHUSIX.

CrnemoBaTebHO, 3ada4M Ha TMPOCTPAHCTBEHHYIO OPHUEHTALIMIO C HEOOXOIMMOCTHIO
CIeXXeHMS 3a UBMEHEHUSIMU TTPOCTPAaHCTBEHHO-BPEMEHHBIX COOBITUI TpeOYIOT B 6OJIb-
et creneHu akTUBauuM MopdodYHKIMOHAIBHBIX cBia3eil mapameTpoB BCP ¢ ceHco-
MOTOPHOIM KOpOii JieBoro nosyinapusi. B Toxke Bpems perieHre aprudMeTUIecKuX 3a1aq
COMPOBOXKIAETCS pacIIMPEHNEM CIIeKTpa CBs3eil, BEPOSITHO, OTPAXKAIOIIMX B3AUMHO MO-
IyIvupyonlee BO3AeNCTBUS pUTMa cep/lla Ha aKTUBHOCTb CEHCOMOTOPHOM KOPbI 000UX
MoJyIapuii. DTo MOATBEPKAAET TO, UTO PElIeHUEe MaTeMaTUYeCKUX 3aa1a4 sIBJsgeTcsT 60-
Jiee cJIoXHOM 1 aHepro3arpaTHoit KDII, TpeGyloiiieit Mcnoib30BaHNE BCEX MHTETPaTUB-
HBIX (DYHKIIMY MO3Ta, BKJIIOUasi aKTUBALIMIO BeTeTaTUBHOM HEPBHOM cucTeMbl. Bbicokas
clioxkHOCTh gaHHoit K®DIT nmoaTBep:KaecHa OIPOCOM KYpCAHTOB IIOCJIe 3aBEpIICHUST 00-
CJIeIOBaHMUSI.

Heo6xomMo OTMETHUTh, YTO HaMOOJIbIIIee YMUCIIO CHIIBHBIX KOPPEISIIMOHHBIX CBA3CH
(r, < —0.31) HabmonaeTcs MexXay napaMeTpaMu aMIUIMTYL MOLYJISILIMI CEPIEYHOTO PUT-
Ma U YPOBHSIMM IeCUHXpOoHU3au DD B 1eBOM 1IeHTpaTbHOM OTBEICHUM.

Tak, B cepun “Yachsl ¢ HOBOpOoTOM” HanboJjee TeCHasl OTpUllaTeIbHAas CBSI3b OOHApY-
KeHa MeXIy YpOBHEM JAecuHXpoHUu3auu DD B TIeBOM LIEeHTpaJIbHOM OTBEIEHUU 1 3Ha-
YEeHUSIMU aMIUTATY/I IEPUOIUYECKIX MOMYJISILIAM cepaeyHoro putMa Ha yactoTtax 0.430—
0.446 xon/xu (puc. 1).

IMpu BeimonHenun K®IT “PHO” Hauboliee CUIbHBIC OTPULIATCIbHBIC KOPPEISILIAN
nokasatesieit BCP ¢ ypoBHeM necuHxpoHuzauuu DD B TOM Xke OTBeIeHUU HaOII01al0T-
cs Ha yactoTtax 6Jm3kux K 0.05 koi/ku (0.043—0.056 xoi/ku) (puc. 2).
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Ta6auua 4. Koppeassuum MeXny 4acTOTON MOIY/ISILINI cepaedyHOro putMa (KOJj/K1) U YypOBHEM Jie-
cunxpoHusaunun ODI B orBeneHmsix C3 wiu C4 B pasHbix DI (rmpomomkeHue)

Table 4. Correlations between frequencies of the heart rhythm modulations (oscillation/cardio inter-
val) and levels of EEG desynchronization in C3 and C4 leads in various functional tests (continuation)

Yucio Koppesiimii Koppenupyroiiue mapaMeTpbl
Number of correlations Correlations s ,
K®IT “YcrHblit cyet”
Psychophysiological test — “Mental arithmetic”
1 0.003 xon/xm (oscillation/cardio interval) & C4 —0.35 0.02
2 0.006 xom/xu (oscillation/cardio interval) & C4 —0.34 0.03
3 0.039 xosn/ku (oscillation/cardio interval) & C4 —0.32 0.04
4 0.043 xon/xu (oscillation/cardio interval) & C4 —0.32 0.04
5 0.05 kon/ku (oscillation/cardio interval) & C4 —0.32 0.04
6 0.073 xon/xu (oscillation/cardio interval) & C3 —0.35 0.02
7 0.076 xon/xu (oscillation/cardio interval) & C3 —0.31 0.05
8 0.079 xon/ku (oscillation/cardio interval) & C3 —0.31 0.04
9 0.083 kosn/ku (oscillation/cardio interval) & C3 —0.32 0.04
10 0.126 koa/ku (oscillation/cardio interval) & C3 -0.35 0.02
11 0.129 koa/ku (oscillation/cardio interval) & C3 —0.41 0.01
12 0.133 koa/ku (oscillation/cardio interval) & C3 —0.34 0.03
13 0.136 koa/ku (oscillation/cardio interval) & C3 —-0.35 0.02
®IT “I'naza orkpeIThl TOce KDIT”
Functional test with “Opened eyes” after psychophysiological tests
1 0.093 kon/xu (oscillation/cardio interval) & C3 —0.31 0.04
2 0.096 xon/xu (oscillation/cardio interval) & C3 —0.36 0.02
3 0.096 xon/xu (oscillation/cardio interval) & C4 —0.36 0.02
4 0.1 xos/ku (oscillation/cardio interval) & C3 —0.32 0.04
5 0.103 xos/xm (oscillation/cardio interval) & C4 —0.37 0.02
6 0.176 xoi/xu (oscillation/cardio interval) & C3 —0.31 0.04
7 0.18 xos/xu (oscillation/cardio interval) & C3 —0.33 0.03
8 0.203 xon/xm (oscillation/cardio interval) & C4 —0.31 0.05
DI “I'maza 3akpeiThl mocie KOIT”
Functional test with “Closed eyes” after psychophysiological tests
1 0.1 kosn/ku (oscillation/cardio interval) & C4 —0.32 0.04
2 0.103 kon/km (oscillation/cardio interval) & C4 —0.31 0.05
3 0.37 xon/xm (oscillation/cardio interval) & C3 —0.32 0.04
4 0.373 xon/xu (oscillation/cardio interval) & C3 —0.34 0.03
5 0.483 xosn/ku (oscillation/cardio interval) & C4 —-0.32 0.04
6 0.486 xos/ku (oscillation/cardio interval) & C3 —0.32 0.04
7 0.486 xos/ku (oscillation/cardio interval) & C4 —0.36 0.02
8 0.49 xon/xu (oscillation/cardio interval) & C4 —0.34 0.03
9 0.493 xon/xm (oscillation/cardio interval) & C4 —0.31 0.04
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YacroTa MOyl CepaeIHOrO pUTMa, KOJI/KI
Frequency of the heart rhythm modulation, oscillation/cardio interval

Koaddunment koppensiiuu / Correlation coefficient

Puc. 1. CBsi3b eproaorpaMMBbl CEPICYHOTO PUTMa Ha Pa3IMUHbIX YacToTax (KoJiebaHUil Ha KapIMOUHTEPBaI)
C YPOBHEM JeCUHXpoHU3aLnKu DT B JIEeBOM LIEHTPAJIbHOM OTBeaeHUHM TTpy BbiroHeHnrn KPIT “Yacel ¢ 1moBo-
porom”. IlITpuxoBasi TMHUSI — YPOBEHb IOCTOBEPHOCTH KOppesiLiuu Gosblie 95%.
Fig. 1. Correlations between periodogram of heart rhythm on various frequencies (oscillation/cardio interval) and
levels of EEG desynchronization in the left central lead in the psychophysiological test — “Clock with a turn”.
The note: the dashed line - the level of significance of correlation is more than 95%.

B xonme pemenus apudpmeTndecKnX 3amad ObUT 0OHAPYKEHBI HaOoIee TeCHBIE OT-
pulaTelIbHbIe KOPPEJSIIIMOHHbBIE CBSI3U YPOBHS JAeCUHXpOoHU3auu DT B JIEBOM 1IeH-
TPaJlbHOM OTBEJIEHUN C MEePUOINYECKUMU MOMYJSILIUSIMU PUTMA cepllla ¢ MaKCUMYyM
3HaYeHUs] KoadduimeHta Koppeassiuu Ha yactore 0.13 xoi/ku (0.126—0.136 koi/Ku)
(puc. 3).

TakuM o6pazom, pe3yabTaThl KOPPEJSILIMOHHOTO aHAIM3a AEMOHCTPUPYIOT TO, UTO Xa-
pakTep B3amMocBs3ell noka3ateneit BCP ¢ ypoBHeM necuHxpoHu3zanuu D3OI B J1eBoM
LEHTPAJILHOM OTBEACHUM 3aBUCUT OT BUIA pelllaeMbIX KOTHUTUBHBIX 3amady. MoOXHO
MPEIITOOXKUTh, YTO YeM BBIIIIe YPOBEHb aKTUBHOCTH CEHCOMOTOPHOI KOPHI JIEBOTO TTO-
JIyIIapusi, TeM HUKe 3HaYeHUsT aMILTATYII MOIYJISIIIAM cepiedyHoro putMa. Tak, Tipu pe-
LICHNN CEHCOMOTOPHBIX 3a1a4 PJIO MaKCMMyMBI OTPHUIIATENIBHBIX 3HAYSHUI 7, OTMEYAIOTCST
B YacToTHOM 30He okoio (.05 KoJ/Ku, TIpy BHIMIOJTHEHUU apu(METUYECKUX 3a1ad — Ha Ya-
croTe okoJjo 0.13 Ko1/KH, a B XO/ie BHITTOJTHEHUS 3a1a4 Ha TIPOCTPAaHCTBEHHYIO OpHEeHTa-
IO — Ha 9acToTe 0KoJjo 0.45 Koi/Ku.

OTMeTHM, 4TO TaHHBIC 3HAYCHUS SIBJITIOTCS MOCIeN0BATEIbHBIM PSIIOM KO3 dUIIMI-
€HTOB KOPPEJISIIINN F,, OOpa3yIOIIETo BOJHY IOCIEIOBATEIBHOTO WX YBEIMYEHUS W
YMEHBIIIEHUS TIPH TePeXoJie OT YaCTOTHI K YacToTe. AHAIN3 aMIUTUTY/ BOJTHBI, IIPEICTaB-
JSTIOIei cOOOM psif 3HAUYEHMIT 7y, B OTJIMYME OT OLEHKM OTIENbHOTro Ko3adduimeHTa
KOppEJSLINY ABJIsIeTcs 00Jiee HaleXKHBIM U HAMISITHO UCKJTIOUaeT ClTydaifHble “BbICKAKM-
Barolye” 3HaYeHMST 3TOTO ITOKa3aTesl.

PesynapTartsl KOppenasiMMOHHOTO aHaiu3a MOATBEPXAAIUCh NaHHBIMU (DaKTOPHOTO
aHajM3a, B KOTOPBIM ObUIM BKJIOYeHbI Mapamerpsl BCP 1 D3OI, umewlnune Hanboee
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Puc. 2. CBs3b NepronorpaMMbl CEPICYHOTO PUTMa Ha Pas3IMUHbIX YacToTax (KojebaHUil Ha KapIUOUHTEPBAI)
C YypoBHeM AecuHxpoHu3anuu DD B JeBOM LIEHTPAIbHOM OTBedeHMM Mpu BbinosHeHun KOIT “PHO”.
L tpuxoBasi TMHKSI — YPOBEHb TOCTOBEPHOCTH KOPPEsILiK 6oJbiie 95%.

Fig. 2. Correlations between periodogram of heart rhythm on various frequencies (oscillation/cardio interval) and
levels of EEG desynchronization in the left central lead in the psychophysiological test — “Reaction to a moving
object”. The note: the dashed line — the level of significance of correlation is more than 95%.

TECHbIE KOPPEJSILUOHHBIE CBSI3U, a MOCJIE0BaTEIbHbIE 3HAYEHUS TIOJIyYEHHBIX /; 00Opa-
30BBIBAJIM IJIABHYIO BOJIHY JIMHUY TPEeH1a Ha rpacrKax CBsI3eil mepuoaorpaMmhbl cepied-
HOTO pYMTMa Ha pa3jIMYHBIX YacTOTaxX C YPOBHEM AeCHMHXpoHM3auuu DD B JIeBOM LIeH-
TpaJIbHOM OTBeicHUHU B pa3Hbix KPDIT.

[MTokazaHa nByxdakTopHasl CTPYKTypa U3ydaeMbIX MapamMeTpoB (KpUTepUil BHIOOPOY-
Hoii anekBaTHOCTH Kaiizepa—Meitepa—OnkuHa paBeH (.72, a Kputepuii chepruaHOCTH
Baptnerra menbme 0.0001). Bo BTopoii hakTop ¢ MAKCMMAaIbHBEIM BECOM BOIIUTY aMILIH-
TyJa NEepUOAUYECKUX MOIYJISLIMIA cepaeyHoro purMma Ha yactorax 0.046; 0.05; 0.053 u
0.056 koy/K1, a TaKXKe YPOBEHDb AECUHXpOHMU3aK DDT B JIEBOM LIEHTPAIILHOM OTBEIE-
HUM IpU BbinoaHeHuu cepuu “PIO” (tab:. 5).

AHanmM3 3HaKOB (DaKTOPHBIX HArpy30K IMO3BOJISIET CAEJaTh 3aKJIIOUEHNE O TOM, YTO YeM
00JIbIIIe YPOBEHb aKTUBHOCTA CEHCOMOTOPHOI KOPBI JIEBOTO TOJTYIIIApUsI TTPY PEILIEHUH CEeH-
COMOTOPHBIX 337a4 Ha BOCIIPUSATHE M3MEHEHUWI TPOCTPAHCTBEHHO-BPEMEHHBIX COOBITHIA,
TEM MEeHbIIIe aMIUTUTYIa MOAYJISILII CEpASYHOTO pUTMa B 4aCTOTHOM 30He 0.05 KoJT/KH.

PesynbTaThl (hakTOpHOTO aHaIM3a HAMISIIHO NEeMOHCTPUPYIOT aleKBAaTHOCTb IPUMeE-
HEHHOTO HaMU aHaJii3a psia MocIeI0BaTeIbHBIX 3HAUYeHU I KO3(hGUIIMEHTOB KOPPEIs-
. Takke oTMeTM, 4Tto Metoauka PIO ocHoBaHa Ha pacdyeTaX CKOPOCTHBIX U Bpe-
MEHHBIX ITOKAa3aTeNIsIX CECHCOMOTOPHBIX peakKlMii M B HAaUOOJIbIIE CTETTIEH COOTBETCTBY -
€T U3Y4eHUI0 (DYHKIIMIT CEHCOMOTOPHOI KOpbl. MaTeMaTH4yecKoe MOATBepKASCHUE 3TOTO
COOTBETCTBUSI MBI TAaKXK€ BUIUM IPU PACCMOTPEHUHU PE3yJIbTaTOB (DAKTOPHOTO aHAIM3a.

PerpeccroHHbIN aHAN3 B LIEJIOM TTOATBEPAMI PE3YIbTATHl KOPPEISIIMOHHOTO aHAM -
3a, ¥ MO3BOJIWJI BBIIEJIMTh HanboJiee BaxKHble oka3aTeau BCP, cBsizaHHbIE C YypOBHSIMU
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YacToTta MOIyJISIINIM CepAeYHOTO pUTMa, KOJI/K1
Frequency of the heart rhythm modulation, oscillation/cardio interval

Koaddunment koppensiiuu / Correlation coefficient

Puc. 3. CBsi3b NIeprOIOrpaMMbl CEPIEYHOTO PUTMA Ha Pa3IMYHBIX YacToTax (KojebaHMil Ha KapIMOUHTEPBA)
C ypOBHEM JieCMHXpOHU3amuu DB B JIEBOM LIEHTPaJbHOM OTBedeHUM Npu BbIMoaHeHUU KPIT “YcrHbIi
cuet”. LLITpHxOBast TMHUSI — YPOBEHb TOCTOBEPHOCTU KOppesitinu Gosbiiie 95%.

Fig. 3. Correlations between periodogram of heart rhythm on various frequencies (oscillation/cardio interval) and
levels of EEG desynchronization in the left central lead in the psychophysiological test — “Mental arithmetic”.
The note: the dashed line - the level of significance of correlation is more than 95%.

nJecruHxpoHusanuu DOT. M3 tabi. 6 BUAHO, YTO B (DOHOBOI CEpUM YPOBEHD aKTUBHOCTHU
CEHCOMOTOPHOI KOPBI JIEBOTO MOJYIIApUS CBSI3aH C MOKa3aTeIsIMU aMIUTUTY IIEPUOIU-
YEeCKMX MOIYJSILUI cepAeYHOro putMa Ha yactorax 6amu3kux K 0.02 u 0.3 koi/Ku, 4To
TOATBEPXKIaeTCs pe3yIbTaTaMU KOPPEJISIIIMOHHOTO aHaI13a.

OtMeTuM, uto B cepum “I'n1aza oTkpbIThl ocsie KMDIT” 3HaueHMsT TeproauvecKuX MOIy-
JISILUiA cepaedHoro putMa Ha yactoTax 0.1 u 0.5 Koj1/Ku CBSI3aHbI C YPOBHEM JIECUHXPOHM -
3aiuu DO B paBoOM 1LIEHTPAJbHOM OTBEIEHUM, YTO OTPakaeT B3aMMOCBSI3b aKTUBHOCTU
CEHCOMOTOPHOI KOPbI IIPaBOIo MOJIyIIapUsl ¢ u3ydyaeMbiMu ITapameTrpamu BCP.

MOXKHO MPEIOI0XUTh, YTO COCTOSTHUE, MPEIIeCTBYIOIIee KOTHUTUBHOI Harpyske
oTpaxaetr Mobwusanuio pecypcoB LIHC 1 roTOBHOCTh K BBIMOJHEHUIO KOTHUTHBHBIX
3a7a4, U COMPOBOXKIACTCS MHTErpaliueil cBSI3eil MeXXay CEHCOMOTOPHOI KOpPOii JIEBOTO
nonymapusi, BHC, aBTOHOMHBIMH U TYMOPaJTbHO-MeTab0INIECKUMU MEXaHU3MaMU pe-
TYJISIHUM CepASYHON AesATeIbHOCTU. HanmpoTus, cocTosiHUE TTOC)ie 3aBeplIeHUs KOTHU -
TUBHOM HArpy3KM XapaKTepHU30BaJOCh YCUJICHUEM CBSI3eil MEXIy NesiTeIbHOCThIO cep-
JIEYHO-COCYIUCTOM CUCTEeMBI, TpOosiBIIsitolleiicss B nmoka3areissx BCP, u akKTUBHOCTBIO
CEHCOMOTOPHOIT KOpPHI TIPaBOTr0 MOJyILIapusi. DTO COTJIacyeTcsl ¢ paboTaMu, B KOTOPBIX
MMOKAa3aHO, YTO MPY MOHWKEHUU aKTUBHOCTH KOPBI MPaBOTo TMOJyIIapus HabI0aaeTCs
CHIXEHUE aKTUBHOCTU CUMIIATUYECKOTO OTIejIa BEreTAaTUBHOM HEPBHOM CUCTEMBI, Ya-
CTOTBI CEPIEYHBIX COKpAILlEHW, apTepruaJbHOro NaBJIeHUs, TIpU 3TOM TokasaTesb HF
yBETMYUBAIICSI. MeXay TeM, TTPU CHUKEHUM aKTUBHOCTH JIEBOTO TMOJYLIAPUS TTPOUCXO-
AT yMEHbIIIEHNE aKTUBHOCTH MTaApaCUMITIAaTUYECKOTO OT/E/Ia BEreTaTUBHOM HEPBHOM CH-



CBA3b NEPMOANYECKUX MOAVJIALIMNU CEPAEYHOTO PUTMA 219

Ta6auna 5. daxkropHast CTpyKTypa cBsizeit mapametpoB BCP u ypoBHeit necunxponusanuu D91 B
otBeneHusix C3 u C4

Table 5. Factor structure of correlations between parameters of heart rate variability and levels of
EEG desynchronization in C3 and C4 leads

dakTop
ITokazarenu Factor
Indexes
1 2
0.133 kon/ku B KDIT “YcrHblit cueT” 0.92 0.09

0.133 oscillation/cardio interval in psychophysiological
test — “Mental arithmetic”

0.129 xon/xu B KOIT “YcTHBII cuer” 0.91 0.09
0.129 oscillation/cardio interval in
psychophysiological test — “Mental arithmetic”

0.136 xon/xu B KDIT “YcrHblii cueT” 0.90 0.09
0.136 oscillation / cardio interval in
psychophysiological test — “Mental arithmetic”

0.126 kon/xu B KOIT “YcTHbIi cuet” 0.89 0.22
0.126 oscillation / cardio interval in
psychophysiological test — “Mental arithmetic”

0.436 xon/xu B KDIT “Yackl ¢c moBopotoM” 0.74 0.40
0.436 oscillation/cardio interval in
psychophysiological test — “Clock with a turn”

0.439 xos/xku B KPIT “Yackl ¢ moBoporom” 0.74 0.39
0.439 oscillation/cardio interval in
psychophysiological test — “Clock with a turn”

0.443 xon/xu B KDIT “Yacsl ¢ moBopoToM™ 0.73 0.39
0.443 oscillation/cardio interval in
psychophysiological test — “Clock with a turn”

0.433 xon/xu B KPII “Yacel ¢ moBopoTtom” 0.59 0.48
0.433 oscillation/cardio interval in
psychophysiological test — “Clock with a turn”

C3 B K®DII “YcTHBIi cuer” —-0.20 0.06
C3 in psychophysiological test —
“Mental arithmetic”

0.05 koa/xu B KPII “PJ10” 0.07 0.93
0.05 oscillation/cardio interval in psychophysiological
test — “Reaction to a moving object”

0.053 kox1/xu 8 KOII “P1O” 0.12 0.90
0.053 oscillation/cardio interval in psychophysiological
test — “Reaction to a moving object”

0.046 xo1/xu B KOII “P10O” 0.21 0.87
0.046 oscillation/cardio interval in psychophysiological
test — “Reaction to a moving object”

0.056 xo1/xu 8 KOII “P1O” 0.22 0.82
0.056 oscillation/cardio interval in psychophysiological
test — “Reaction to a moving object”

C3 B K®II “P10” 0.02 —-0.51
C3 in psychophysiological test —
“Reaction to a moving object”

C3 B K®DIT “Yacel ¢ moBopoToM” —0.14 —0.31
C3 in psychophysiological test — “Clock with a turn”
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Ta6mmua 6. Pe3ynbTaThl MHOXECTBEHHOTO PETPECCOHHOIO aHAIN3a
Table 6. Results of the multiple regression analysis

YpaBHeHUE TUHENHOI MHOXECTBEHHO
DyHKIMOHATBHAS MPo6a perpeccun/6era-koaddurmentst (B) R F

Functional test Equation of the multiple linear
regression/beta coefficients ()

®on “I'maza 3aKpbITHL” C3=5.844 —0.001 X F o3 +0.000061 X F573;

Functional test with “Closed eyes” | B(Fo.0p5) = — 0.61; B(Fo ar0) = 0.47 0.25 | 66 |0.003

K®IT “KpacHo-uepHbie TabInLbI
lynbre—ITnaronosa” C3=3.394 + 0.000099 x Fj 43 — 0.000136 x Fy13;

Psychophysiological test — B(Fy.43) = 0.8; B(Fy 113) =— 0.55 0.36 1.1 0.0001

“Schulte’s test”

K®IT “Yacel ¢ moBopoToM™ C3=4.676 —0.000132 x F 393 + 0.000166 x

Psychophysiological test — X Fj 196 — 0.000102 x F 443 — 0.000091 X F{ 539;

“Clock with a turn” B(Fo003) = — 0.36: B(Fy 106 = 1.59 B(Fy 443) = - 0.66; 045 | 74 | 0.0001
B(Fo 239) = —0.86

K®IT “Peakuus Ha C3=16.356 —0.002 X Fj 53 + 0.000057 X Fy 353 + 0.000704 x

JBYKYLIMIACA OOBEKT” X Fjy 059 — 0.000051 < [ 53 0.45 75 | 0.0001

Psychophysiological test — B(Fy.053) = — 0.96; B(Fy 323) = 0.48; B(Fy 059) = 0.64; : . .

“Reaction to a moving object” B(Fy3)=—0.33

K®IT “YcrHblit cuer” C4 =5.225—10.000505 X Fj 39 + 0.000124 X Fj 556 —

Psychophysiological test — —0.000276 x Fj o66; 0.34 6.6 | 0.001

“Mental arithmetic” B(F.039) = — 0.37; B(Fy 256) = 0.64; P(Fpy g66) = — 0.47

®I1 “I'maza oTkpbITh ocie KOI1” _ .
Functional test with “Opened eyes” [?(41:_ 4'5;11‘ - 82(2)0%1(; f06l)037% %’200093 * Fo.496} 0.31 8.8 | 0.001
0.103) — — V.04, 0.496) — Y-

after psychophysiological tests

F — 06Go3HauyeHMe 4acTOThI MEPUOANYECKHUX MOLYJISILIMIA CEPIEYHOTO PUTMA.
F — frequencies of periodic modulations of the heart rhythm.

CTEMBI, COYETAIOIIETOCS C YBEJIMUEHUEM YacTOThI CEpPASYHBIX COKpAIIleHU, TToKa3aTeei
LF u LE/HF [20-23].

PaccMoTpyM B3aMOCBSI3M TIEPUOIMUYECKUX MOIYJISILIUM CEPAETHOTO PUTMA C YPOBHIMM
aKTUBHOCTU CEHCOMOTOPHO KOPHI MPU pellleHN KOTHUTUBHBIX 3371a4 6oJiee ToApPOOHO.

B K®IT “KpacHo-yepHbie Tabnuibl LyasTre—ITnaroHoBa” onpeneaeHbl B3aUMOCBSI3U
MEXy YPOBHEM JeCMHXpoHU3au DDI B JIeBOM 1IeHTpaJIbHOM OTBEICHUU U TTIEPUOIM -
YeCKUMU MOAYJSILIUSIMU puTMa cepatia Ha yactortax 0.1 u 0.4 xon/xu.

[1pu BeITTOTHEHUM 3amauM “Yackl ¢ MTOBOPOTOM” Ha YPOBEHb IeCUHXpOHU3au DO
B JIEBOM LIEHTPAJIbHOM OTBEIECHUY BJIUSET aMIUIUTYIa MOAYJISIIUIA CepAeIYHOTO PUTMA Ha
yactotax okoJio 0.09, 0.2 u 0.4 kon/Ku.

B cepuu K®PIT “PHO” oTMe4eHbI CTATUCTUYECKM 3HAYUMBIC CBSI3M MEXIY YPOBHEM
necuHxpoHu3anuu DO B 1€BOM IIEHTPaIbHOM OTBEJEHUN U MOIYJISILIUSIMU CEPACYHOTO
putMa Ha yactorax 0.05 u 0.3 KoJji/Ku. DTO YaCTUYHO TOATBEPXKIACTCSI HAILIMMU paHHU-
MU pabortamu [1, 2]

BeinonHeHue apudmMeTnyeckux AeicTBUil B cepumn “YCTHBIN cueTr” BAUSIET Ha B3au-
MOCBSI3U MEXITy YPOBHAMHU MecMHXpoHU3aruu DD B mpaBoM LIEHTPaJIbHOM OTBEICHUN
U MOIYJISILIMSIMU CEpASYHOTO pUTMa Ha yacToTax okojio 0.05, a takke 0.26 Koji/kKu. DTO
MOATBEPXKIAET Pe3yJbTaThbl KOPPEJISIIMOHHOTO aHan3a, MOKa3bIBAIOLIETo yJacTHe aK-
TUBHOCTH CEHCOMOTOPHOI KOpPbI 000MX TTOJTyIIaprii BO B3auMooTHoleHusix ¢ BCP.

N3 aToro cienyer, 4TO CBSI3b aMIUTUTYIBI MOAYJIssiMii Ha yactorax 0.3—0.4 Koj/Ku ¢
YPOBHSIMM aKTUBHOCTU CEHCOMOTOPHOI KOPBI CTAOMJILHO OTMEYaeTCsT BO BCeX (DYHKIIH-
OHAJILHBIX Y KOTHUTUBHBIX MPo6ax. DTO MOATBEPKAAIOT U PEe3yIbTaThl KOPPEJIAIIMOHHOTO
aHanu3a gaHHbIX K®PIT “Yackl ¢ mOBOPOTOM”, CBUIETEILCTBYIOIIME O HAJTUUUU CBSI3EH
MEXIy YPOBHSIMU ecuHXpoHu3auuu D3I B orBeneHun C3 1 aMIUIUTYIaMU MOIYJISIIIUIA
cepaevHoro putMa Ha yacrtorax okojio 0.44 xon/ku (0.430—0.446 koi/xu). Takum oGpa3oM,
9TO JTaeT OCHOBaHME JUIsI paclliMpeHust auara3oHa yactoT a0 0.3—0.45 kon/ku, o6Hapy-
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KeHHBIX BO Bcex PIT u KDIT u, BeposiTHO, HECBSI3aHHOTO HEITOCPEICTBEHHO C KOTHM-
TUBHOM AEATEbHOCTBIO.

HamnpoTtuB, nuama3oH 3HaueHUIT 4acTOThl Mepuoanyeckux kosiebanuit ot 0.05 mo
0.13 Kon/Ku CBsI3aH ¢ KOTHUTUBHOI aesitesibHOCThIO. Tak, B cepusix KDIT “PAO” u
“YCTHBIM cueT” CBSI3b aKTUBHOCTU CEHCOMOTOPHOM KOPBI HAOJII01aeTCsI ¢ TToKa3aTeIsIMU
MOIYJISILIUM CepIIeuHOro putMa Ha yactotax okosio 0.05 xos/ku. [1pu 3TOoM B ciiydae
K®IT “PO” yctaHOBIEHHBI CBsI3u 3TOro rmokasarenst BCP ¢ ypoBHEM qeCMHXpOHU3ALIUK
OOT B IeBOM IEHTPaIbHOM OTBEICHUM, a B XOA€ PEIIeHUST apuPMeTUIEeCKNX 3amad OT-
MeyJaJIuCh CBS3M 3Toro nokaszatesiss BCP ¢ ypoBHeM necuHxpoHuszauuu 931 B mpaBoM
LICHTPAJIbHOM OTBEACHUU.

CBs13b YaCTOThI MOIYJISILINIA CepAeUHOro puTMa paBHoi 0.1 KOJI/KU C aKTUBHOCTBIO CEH-
COMOTOPHOI1 KOPBI JIEBOTO ITOJyIIapys mpociaexkuBaioch B cepusx KPIT “KpacHo-yepHbie
tabmuupl [ynsre—ITnatonoBa” u “Yacel ¢ moBopotom”. Hapsimy ¢ 3TUM CBS3b YacCTOTHI
KosiebaHumit cepredyHoro putma okosio 0.13 KoJi/K1 ¢ aKTUBHOCTbIO CEHCOMOTOPHOI KOPbI
JIEBOTO MOJTyLIapust orMeuanach B cepuu KPIT “YceTHblil cueT mpu 3aKphITHIX M1a3ax”

CrnenoBaresibHO, UMb Mablit nuana3oH ot 0.05 no 0.13 Koj/Ku cBsI3aH ¢ aKTUBHO-
CTBIO CEHCOMOTOPHOM KOPBI 1 TTPOIIECCOM MBIIILICHUSI.

3AKJIIOYEHUE

Buia KOTHUTUBHOM 3a1auu OmpenesisieT HaIudrMe OTpUIaTeIbHbIX CBSI3ei MEXIy 3Ha-
YEHHUSIMM aMIUTATYJ MOIYJISIIUM CepIeYHOro pUTMa Ha Pa3IMIHBIX YacTOTaX U aKTUBHO-
CTBIO CEHCOMOTOPHOIT KOPBI JIEBOTO MoJtymapus. Tak, Ipy pellleHUH 3a1a49 Ha BOCIIPUSTHE
U3MEHEHU I MPOCTPAaHCTBEHHO-BPEMEHHBIX COOBITUI OTMEUEeHBI OTpUIIaTeIbHBIE KOppe-
JISIIMU MEXIYy aKTMBHOCTBIO CEHCOMOTOPHOM KOPHI JIEBOTO TOJYIIapUs U 3HAYEHUSIMU
aMILUTUTY MOAYJISILUI CepAeYHOro puTMa B YaCTOTHOM 30He okou1o 0.05 kon/ku (0.043—
0.056 xoa/xu). [1py BBITTOTHEHUH apu(MEeTUIECKUX 3afad TaKue KOppelsiuy oOHapy-
JXKeHBI Ha 9actoTax oKojo 0.13 kon/xu (0.126—0.136 Koi/Ku), a B X0JIe BHITTOJTHEHUS 3a-
lad Ha TIPOCTPAHCTBEHHYIO OpMEHTallulo — Ha yactorax okojio 0.44 xon/xku (0.430—
0.446 xon/xu).

CBs13b aMITUTYIBI MOMyJIsiliit Ha yactorax 0.3—0.45 Koj/Ku ¢ ypOBHSIMU aKTUBHO-
CTHU CEHCOMOTOPHOM KOPBI CTAOMIIBHO OTMEYaeTCsT BO BceX (DYHKIIMOHAIBHBIX U KOTHU-
TUBHBIX Tpobax. [Ipoliecchl aKTUBALIMM CEHCOMOTOPHOM KOPHI, BbI3BAHHbBIE KOTHUTHUB-
HOI1 esITeIbHOCTBIO, COMTPOBOXKIAIOTCS YMEHbBIIIEHUEM aMIUTUTYAbl IEPUOANYECKUX KO-
JiebaHuii cepaedyHoro puTtMa Ha yacrorax ot 0.05 no 0.13 kos/ku.

IMosnyyeHHBIE Pe3yJbTaThl MOTYT OBITh MCIIOJb30BaHbI UIS JaJbHEHIIEro U3y4yeHus
bu3nonornYecKnX MexaHM3MOB KOTHUTUBHBIX (DYHKIIMI, a TAKKe MOTYT ITOCITY>XKUTh OC-
HOBOI1 [IJIsT OTIpeieJIEHsI YpOBHEM BOGHHO-TIPO(eCCUOHATBLHOM afanTalliid KypCaHTOB 1
pellleHUs 3a1ad KpUTEPUATbHON BATMIHOCTH TICUXOJIOTMYECKUX U TICUXO(DU3HOI0THYE-
CKHUX METOAMK, TpeArosaraéMblX K MPUMEHEHUIO B BOGHHOM MpodoTOope U, TIpekie
Bcero, B uHTepecax BM®.
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Association between Periodic Modulations of the Heart Rate
and Sensomotor Cortex Activation

K. L Pavlov® *, V. N. Mukhin®, A. V. Syrtsev?, A. N. Archimuk®?,
N. M. Andieva“, and M. 1. Petrenko?

?Kuznetsov Naval Academy, St. Petersburg, Russia
b Institute of Experimental Medicine, St. Petersburg, Russia
*e-mail: youngexp @yandex.ru

The relevance of this study is a product of insufficient research into the relationships be-
tween the physiological substantiation of heart rate variability parameters and bioelectric
activity of the sensomotor cerebral cortex in cognitive work. Our aim was to study the as-
sociation between the periodic modulations of the heart rate and the sensorimotor cortex
activation during cognitive work. 42 first-year cadets of the Naval institute participated
in the study (n = 44). The average age of the participants was 18 + 0.7 years. Electroen-
cephalography and electrocardiography were the primary techniques used in the study.
The relationship between the heart rate variability and the level of sensorimotor cortex ac-
tivation was evaluated simultaneously with the presentation of various psychophysiological
tests — “Schulte’s test”, “Clock with a turn”, “Reaction to a moving object” (RMO),
“Mental arithmetic” with closed eyes. These tests are used to evaluate the perception,
selective attention, working memory, spatial orientation, decision making, and thinking.
Negative correlations were detected between the activity of the sensorimotor cortex in
the left hemisphere and the amplitudes of the heart rhythm modulations in the 0,05
(0.043—0.056) oscillations per cardio interval frequency zone while conducting the
RMO-test for spatio-temporal events perception. Significant correlations were found for
the 0.13 (0.126—0.136) oscillations per cardio interval frequency range while conducting
the arithmetic tasks (“Mental arithmetic” with closed eyes) and for the 0.44 (0.430—
0.446) oscillations per cardio interval range during the spatial orientation tasks (Clock
with rotation). The relationship between the modulation amplitude at the 0.3—0.45
oscillations per cardio interval frequencies and the sensorimotor cortex activity levels was
consistently observed in all functional tests. The activation of the sensorimotor cortex due
to cognitive activity is accompanied by the decrease in the amplitude of the heart rate peri-
odic modulations at the 0.05 to 0.13 oscillations per cardio interval frequency range.

Keywords: heart rate variability, the structure of heart rate periodic modulations, electro-
encephalography, sensorimotor cortex activation, EEG desynchronization, frequency
and spectral analysis
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