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OBIIAS XAPAKTEPUCTUKA PABOTbBI
BBEJEHUE

AKTyaJbHOCTh McciaeoBanus. JKnu3Hb COBPEMEHHOro YeloBeKa CBS3aHa CO MHOTHMH
HETaTHUBHBIMH  COLMAIBHO-TICHXOJIOTHIECKUMH  (DaKTOpamMu, KOTOpEIE CTAHOBSTCS IPHIMHOMN
u3MeHeHuss  obmwero  ¢yHKIMOHaNbHOrO coctosiHus  (PC), 3HAYMTENBPHOTO — HAIPSIKCHHS
PETYIATOPHBIX CUCTEM, CHIKEHHSI PabOTOCIIOCOOHOCTH YeI0BEKA, YPOBHS YMCTBEHHON aKTHBHOCTH
U, B LIEJIOM, CHIDKEHHS aJalTHUBHBIX BO3MOXHOCTell opranusma ([anmnosa H.H., 1985; bextepera
H.IL., 1988). Mcxons u3 3T0r0, BayKHOW 3a/1aueil ABIseTCS HE TOJBKO MHOTOCTOPOHHSSA oneHka OC
TOJIOBHOTO MO3Ta, HO M €r0 IPOTHO3UPOBAHHE, KOHTPOJIb M KOPPEKIH, TaK KaK UIMEHHO OT ypPOBHS
@®C Mo3ra 3aBHCHT COCTOSIHHE IICHXHYECKOrOo M (M3MYECKOrO 3J0pOBbS HYENIOBEKa M €ro
¢byHKIMOHATBHBIE Bo3MOkHOCTH (JIuBanoB M.H. u nap., 1988; WUnbun E.I1., 2005; Aramkanss u ap.,
2006; lIyrosa C.B. u np., 2013).

MHoroo0pa3sue BHIOB ASSITENFHOCTH YeJoBeKa TpeOyeT HaIW4us PassIMuHbIX cep MO3roBOif
peryisinuy, OOeCIeYHBAIONINX JAHHYIO AEATENbHOCTh, M WX CIMHOH, TapMOHWUYHOI paboTHI.
HeobOxoauMbIM ycIOBHEM ONTHMAIbHON KU3HEIEATEIBHOCTH SIBISIETCS HE TONBKO HepapXuyecKast
OpTaHM3aIus MPOLECCOB PETYIALNH, HO U UX BPEMEHHAs! OPraHH3aIHs, HapyIeHHe KOTOPOH MOXeT
MIPUBECTHU K (PyHKIIMOHAIBHBIM HaPYIICHHUSIM.

W3zBectHO, uTO Hambonee MPOCTBIM, JOCTYNHBIM H B TO e BpeMsi HHGOPMATUBHBIM H
nocratouHo TouHbIM MetonoM oueHkn OC ITHC u mccnenoBaHus HEPBHBIX MPOLECCOB SUIIETCS
METOJMKA PErHCTPAIlMA BPEMEHH 3PHTEIbHO-MOTOPHOHM peakuuu (Jlockyrosa T.[., 1978; Mopo3
M.IL. u ap., 2001; Jlutoyenko O.I. u mp., 2007; Kopones C.A. u ap., 2011). Bpems peaknuu
CIIY)KUT  YyBCTBUTENBHBIM  HMHIUKATOPOM  (DYHKUIHOHAIBHBIX  COCTOSIHUM,  MOJBH)KHOCTH,
YCTOMYMBOCTU HEPBHBIX MPOIECCOB M YPOBHS (PYHKIMOHAIBHBIX Bo3MoxkHOCcTer (Yenpimkosa T.B.
u 1p., 2008; Maurposa 1.H., 2010).

JlpyruM HEeWHBAa3WBHBIM METOJOM, C TIOMOIIBI0 KOTOPOTO MOXHO ITPOM3BECTH KAaYECTBEHHYIO U
komuectBeHHyt0 onieHKy @C LIHC, siBnsercst ananu3 BapuabenbHOCTH cepaednoro putma (BCP). B
OTJIMYHE OT JPYTUX METOJIOB OLIEHKH COCTOSIHUSI PETYJSITOPHBIX CHCTEM, HaHHBIA METOJ SIBISETCS
HanboJiee MPOCTHIM M JOCTYITHBIM METOJOM, ITO3BOJISIFOLIMM BECTH HENPEPBIBHBIN JTHHAMUYECKUIT
koHTpoib (Hosnpaues A.JI. u ap., 2001; KorensaukoB C.A. u ap., 2002; bokepus JI.A. u ap, 2009;
Malik M. et al., 1993; Hemanth Kumar.V et al., 2013). Konrpoaupyst IeATeIbHOCTh MEXAaHU3MOB
PETYISIIAN  CePACTHO-COCYUCTOH CHCTEMBI, MOXKHO IOJNY4YHNTh HH(OpPMAIHI0O 00 aJeKBaTHOCTH
peaKuu MPHUCIOCOOUTENPHBIX MEXaHH3MOB Ha Pa3IMYHOTO POJa BO3ACHCTBHS W3MEHSIOMINXCS
yeroBuit okpyxaromiert cpeast (badbyni U.B. u xp., 2002; Muxaiinos B.M., 2002; Baesckuii P.M.,
2004; ®unmumonosa H.B. u ap., 2010; Montano N. et al., 1994; Murray N.P. et al., 2012).

)1.]'[5{ OLCHKHM M NPOrHO3UPOBAHUA oC LECJOCTHOIO0 OpraHM3Ma BaXXHO TaKXE OIPEACINTH
MoKa3aTelli CHUCTEMHOI réeMOJUMHAMHUKHU, TaK KakK TI'€MOJIWMHAMHUYECKHUE HU3MCHCHHA B Pa3JIMYHBIX
opraHax ¥ CUCTEMax BO3HHUKAIOT paHbUIC, YE€EM COOTBETCTBYHOLIUEC q)yHKLLI/IOHaJ'I])H])Ie HapyumecHus.
A)IeKBaTHafl TeMOAMHAMUKA SBJIACTCA HeOGXOJlI/IMbIM ycCiioBUEM HOpMaﬂbHOﬁ JACATCIIBHOCTHU BCEX
CHCTeM OpraHu3ma, B nepyto ouepens — [IHC (AnToHOB A.A., 2004; Lpiranok A.B. u zp., 2006).

VYauteiBas ~ BBINIECKa3aHHOE,  aKTyalbHOM  IpoOJIeMOH — SIBISIETCS  MCCIEIOBAaHHE
(YHKIHMOHANBHBIX W3MEHEHHUH, NPOHCXOIINX B OpPraHM3ME dYelIOBeKa, B YCIOBHSAX HArpy3ok
paznmmuaHOro Xapakrepa. OcoObIi MHTEpeC NPEeACTaBIsIeT M3ydeHHe 3aKOHOMEPHOCTEH BO3PAcTHBIX
n3menennit @C ITHC u Bo3pacTHBIX actiekToB nenxodusnonorudeckoit aganranuu (Yypmmosa T.M.
¥ 71p., 2004; Kpeuios A.A., 2005).

Leanb v 32124y Mcc/IeI0BAHUS.

B cBs3M ¢ aKTyaJbHOCTBIO TEMBI LIETbIO HACTOSILETO HCCIICAOBAHUS SIBUIIOCH KOMIUIEKCHOE
W3y4eHHE OCOOCHHOCTEH (DYHKIMOHAIBHOTO COCTOSHHS TOJIOBHOTO MO3Ta M BPEMCHHOM
OpTraHU3allMy PETYISTOPHBIX MEXaHH3MOB CCHCOMOTOPHOM ¥ BETETATHBHOW Cdep peryisnud B
YCIIOBUSX YMCTBEHHOU HATPY3KH C YIETOM BO3PACTHBIX OCOOCHHOCTEH UCIIBITYEMBIX.
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B cooTBeTcTBUY € 1IEIBIO UCCIEIOBAHUS BBIABUHYTHI CICAYIOIIUE 3aJaun:

1. Omnpenenuts NCUXOJIOTHIECKUH CTAaTyC UCHBITYEMBIX 110 onpocHuKaM T. Diepca, Teitnopa u I1.

IMummo.

2.  Ouenntp ®C roJ0BHOrO MO3ra MO BPEMEHH MPOCTOil 3puTeabHO-MoTOpHOU peakiuu ([I3MP)

JI0 ¥ TIOCIIE YMCTBEHHO Harpy3Ku.

3.  MU3yuuts ®C romoBHoro mosra mo aHaiauzy BCP 1o, Bo BpeMs U MOcCje BBITOJHEHHUS TECTa
[I3MP, a Taxske 10 ¥ 1ociie YMCTBEHHON Harpy3KHu.

PaccMmoTpeTs nokazaTenu CUCTEMHONM FeMOJMHAMUKH 0 U II0CJIe YMCTBEHHOM Harpysku.
OOHapyXuTh (YHKIMOHAJIBHBIE CBS3M H3Y4aeMBIX IIPOLECCOB C OLECHKOW IapaMeTpos,
xapakrepusyromux ®C rosoBHoro Mosra.

6. BBIIBUTP U CONOCTAaBUTH BPEMCHHYIO OPraHM3allMI0  PEryJIATOPHBIX ~ MEXaHH3MOB

CEHCOMOTOPHOU M BEreTaTUBHOM cep perysiui.

Hayunasi HoBU3HA pPa0oThI.

BriepBble mpencTaBieHBl pe3yIbTaThl KOMITIEKCHOTO HccienoBanus OC rosoBHOro Mosra ¢
OIHOBPEMEHHON OIIGHKOH pa3lM4YHBIX cdep MO3TrOBOH JAEATENFHOCTH  (IICHXOJIOTHYECKas,
nicuxodusnonornyeckas, BEreTaTHBHasH) C yI€TOM BO3PACTHBIX OCOOEHHOCTEH HCIBITYEMBIX.

Brepseie nokasansl usmenenus ®C [ITHC y pa3nuuHbIX BO3pacTHBIX IPYNI B 3aBUCUMOCTH OT
XapakTepa U JIUTEeIbHOCTH (GYHKIMOHAIBHBIX HArPy30K C COIIOCTaBJICHHEM MEXaHU3MOB PEryIIIIUH
IBYX c(hep MO3TOBOH AEATETPHOCTH — CCHCOMOTOPHOM 1 BETCTaTHBHOM.

INoka3aHel ~ pe3ynbTaThl  CPABHUTENBHOTO  HCCIECJOBAaHUS ~ BPEMEHHON  OpraHM3aluu
PETYIATOPHBIX MEXaHHM3MOB CEHCOMOTOPHOM M BEreTaTUBHOW cdep perymsiuun. BrIABIeHBI
pa3nuuus B CTPYKType KoseOaTelbHOH ITUHAMUKH PEryISITOPHBIX MEXaHH3MOB CEHCOMOTOPHOH U
BEreTaTHBHOM cdep NeaTeIbHOCTH, a TAK)Ke BO BPEMEHHOH OpraHu3alny KaXIoH cepbl perysunn
B 3aBHCHMOCTH OT BO3pacTa 1 3G (HEKTUBHOCTH BBITIOIHEHHS (QYHKIMOHAIBEHOM MPOOHIL.

BriepBble mpoBeeHO HccIe0BaHUE BPEMEHHOW OpraHU3allld AMHAMUYECKOTO psiia BpEMEHU
[I3MP c BblENE€HUEM CHEKTPaIbHBIX KOMIIOHEHTOB B YAaCTOTHBIX AMANa30HaX, COOTBETCTBYIOIIUX
OOIIeNPHUHATEIM ~AWana3oHaM crekTpanbHoro aHaimmsa BCP. IlokazaHo, 49To B JUHAMHKe
CHEKTPaJbHBIX KOMIIOHEHTOB HWHTepBajorpamMmbl BpemeHH [I3MP otpaxatorcs m3meHenuss ®C
HHC. VYcraHOBieHO, YTO CHEKTpalbHble KOMIIOHEHTH I[I3MP Hapsmy c (yHKIHOHaTBHBIMH
MOKAa3aTeJIIMH MOT'YT CITY)KUTh HH(OpMAaTUBHBIM KpuTepreM nipu onenke ®C [THC.

Teopernyeckass M NpakTHYecKas 3HAYMMOCTh paboThl. [IpencraBieHHOE HCCllenOBaHKE
HMeeT KaK HayqHO-TEOPETUUECKOe, TaK U MPAaKTHYECKOE 3HaYECHHE.

Teopernueckas 3HAUMMOCTb JJAHHOT'O UCCIIEJOBAaHHS 3aK/II0YAeTCs B TOM, YTO €ro pe3ybTaThl
MO3BOJISIIOT PACIHIMPUTE U AOTOIHUTH TEOPETHYECKIE TPECTABICHHS B 00JIaCTH U3YYECHUSI U OLICHKH
®C TroNoBHOrO MO3ra y JIHMII Pa3HBIX BO3PACTHBIX TPYNN NpU (YHKIHOHAJIBHBIX Harpyskax
Pa3MMYHOTO XapakTepa W MINTEIBHOCTH. [3ydeHme koieOaTedbHON JUHAMUKH MEXaHU3MOB
PETYIISIIIAN CEHCOMOTOPHOH cephl ¢ BEIIETIEHHEM COOTBETCTBYIOIINX CIIEKTPATEHBIX KOMIOHEHTOB
no3Boisier Oosee riry6oko m mydrre ounerntsh @C IHC. Ilpenmonaraercsi, 9To HCIOIb30BaHUE
HOBOTO Toxaxona B oreHke PC NPUMEHUTENBHO HE TONBKO JUIS HCCIIEOBAHUS CEHCOMOTOPHBIX
HPOILECCOB, HO M JPYTHX NCUXO(U3UOIOTMYECKUX (YHKIMHA, KaK B OOBIYHBIX, TaK U CTPECCOBBIX
YCIIOBUSIX.

[IpakTuueckasl 3HAYMMOCTh IAaHHOW pabOTHI 3aKIIOYASTCS B IOJNYYEHHH JaHHBIX, KOTOPBIE
MOTYT CIYXXMTb METOJOJIOTHYECKONM OCHOBOM U1  MOCIHEAYIOUIMX  HAyYHO-TIPUKIIAJHBIX
nccnenoanuii. KomrurekcHast skcmpecc-onieHka ucxogHoro ®C y mmIl pa3lugHOTO BO3pacTa
MO3BOJIAET IPEABUICTh PEAKLUI0 OpPraHU3Ma B H3MCHUBIIMXCA YCIOBHAX U IpPEAyNPEIUTh
HeratuBHbIE nocnencTeus. Onenka ucxoxHoro ®C u B ycnoBusX (yHKIMOHAJIBHBIX Harpy3ok, B
CBOIO OUYepe]lb, IIO3BOJIUT IIPOTHO3UPOBATH HACKHOCTh U 3(P(YEKTUBHOCTD EATEIBHOCTH YeNIOBEKa
pH ero npoheCCHOHAIBHOMN MOATOTOBKE.
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OcHOBHBIE MOJIOKCHNH, BLIHOCMMbIC HA 3AILIIUTY.
1. KowmmiekcHoe u OOHOBPEMEHHOC UCCICAOBAHUEC PA3JINIHBIX cd)ep MO3TOBO# JACATCIIBHOCTH

MO3BOJIUT TIOJNyYUTh MOAPOOHOE MpPEACTAaBIEHHE O TEKYIIeM (YHKIHOHAIBHOM COCTOSHUH

TOJIOBHOTO MO3Ta.

2. HccnenoBanue (yHKIMOHANBHBIX W3MEHEHHMI NpPHM HAarpy3kax pasjiMyHOrO Xapakrepa u
JUIITEIFHOCTH U HMX BO3pPAcTHOH clenuGHKU TO3BOIUT IMPOrHO3upoBaTh auHaMuky OC B
npodeccHOHANEHO IesATeTEHOCTH.

3. HccrenoBanue BpeMEHHOW OpraHM3alnH (BOJHOBOH CTPYKTYPHI) PETYISATOPHBIX MEXaHH3MOB
CCHCOMOTOPHOII M BETeTaTHBHOM cdep peryisiiuy IyTeM CHEeKTPAJbHOro aHanm3a
COOTBETCTBYIOIINX HHTEPBAJOTPAMM  MOXET CIYXHTh JOCTaTOYHO HH(POPMATUBHEIM
kputepueMm oneHkn ooduiero ®C LHHC.

Anpo6anus pa6oTbl. OCHOBHBIE PE3YJIBTATHl TUCCEPTALIMOHHON pabOThl OBLIM MPEICTaBICHBI
HAa MEXIYHApOAHON oOWieiiHol HaydHOU KoH(pepeHIMH, mocBemeHHo# 130-meturo co aHS
poxaenus akagemuka JLA. Opbemn «Du3MONOTHUECKHE MEXAHU3MBI PETYISIIUH AESTEIbHOCTH
opranm3ma» (r. Epesan, 2012), Third Jubilee International Conference of Neuroscience and
Biological Psychiatry (r. EpeBan, 2013), MexIyHapoaHOI HaydyHOW KOH(EPEHIHH CTYACHTOB,
aCIIMPAHTOB M MOJOABIX y4EHBIX «JlomMoHOCOBY» (r. Mocksa, 2014, 2015), cemmHape MOJOABIX
yuenslx MHcTHTYTa rznonorun uM. JI.A.Opoenmn HAH PA.

Hy6aunkanuu. [To Teme auccepranuu onyoaukoBaHo 11 HaydHBIX paboT.

O0beM W cTpyKTYypa amccepraumu. Jlucceprauus wu3noxkeHa Ha 146 crpanmmax
MAIIMHOIHUCHOTO TEKCTa, COCTOMT U3 CIIHCKa COKpAIleHWH, BBEACHMs, IJIaB 0030pa JIUTEPaTypH,
ONHMCaHMsl MaTepHaJIOB M METOAOB HCCIEIOBaHUS, PE3yNIbTATOB HCCIENOBAHUSA U UX OOCY)KAEHHS,
3aKJIIOYEHHMSI, BBIBOJOB, NMPAaKTHYECKUX PEKOMEHAAIMH M CIIMCKA JIUTepaTyphl, BKIoYaromero 234
ucroynuka. J{uccepranus wunoctpuposana 12 tadbmuamu u 30 pucyHKamu.

MATEPHAJIBI H METO/JbI HCCIIEAJOBAHUSA

Opraﬂusaum{ HccjIea0BaHUA

HcnpiTyemble
B uccnenoBaHuy MpUHUMAIH ydacTue 98 MPakTUUECKH 3I0POBBIX HUCIBITYEMbBIX-00POBOJIBIICB

oboero moma B Bozpacte 17-60 ner. B 3aBUCHMOCTH OT BO3pacTa UCTIBITYeMbIe OBUIN pa3lelieHbl Ha
3 TpyNIEI COTIIACHO MPHUHATON Bo3pacTHO nepuoamsannu (Kpsutos A A., 2005):

I rpynma — cTymenTts! HanmoHanbsHOTO MOMHTEXHUYECKOTO YHUBEPCHTETa APMEHUH, BO3PacT —

17-21 net (29 ucnbiTyeMBbIX);

v' Il rpynma — HCHOBITYEMbIE, MMEIOIIME BhICIiee 00pasoBaHme, Bodpact — 22-35 ner (33

HCIIBITYEMBIX);

v/ 1Il rpynma — WCHOBITyeMble, MMEIOIIME BbICIIee OobOpasoBaHue, Bo3pact — 36-60 yer (26

HCIIBITYEMBIX).

Jlna BeisiBieHHst (pakTOpa BO3MCHCTBHS YMCTBEHHOW HArpy3KH Ha AWHAMHKY H3ydaeMbIX
nokasaresiei Obl1a cocraBiera |V rpynmna — koHTpoabHas (10 HCIBITYEeMBIX), HCIBITYEMBIE KOTOPOI
TI0 BO3PACTy COOTBETCTBOBANN HCHBITyeMbIM I rpynmbl. i1 HCHBITYeMBIX KOHTPOIBHOM TPYIIITHI U3
CXEMBI UCCIIe0BaHMs ObllIa HCKITIOUeHA TOJIBKO YMCTBEHHAs! Harpys3ka. B aToT oTpe3ok BpemMeHH UM
MIPEIOCTABISIICS OT/BIX B THXOW KOMHATe, 03 OTBIICKAIOMNX (aKTOPOB.

HcnpiTyemble NPUHUMaIA YYacTHE B HCCIEJOBAaHMUM Ha JOOpPOBOJBHOH OCHOBE M JaJlU
MICbMEHHOE COIjacue Ha ydacTue. Bce mporenypsl COOTBETCTBOBAIM 3THYECKMM IPHUHIUIAM,
yKa3aHHBIM B XeJIbCUHCKOH nexnaparuu 1983 r.

IIponenypa npoBeenust uccjae0BaHUs

HccnenoBanne NpoBOAWIOCH € TIOMOLIBIO CIENHANbHO paspaboranHoi O.I. T'eBopxsHOM
aBTOMATH3UPOBAHHON CUCTEMEI, B IPOrPaMMHOE 00ecTieueHne KOTOPOil ObIIN BKIIFOUSHBI HECKOJIBKO
610x0B KoMIuIeKcHoro uccnenoBanust (I'eBopksa D.I'., 1995). HccnenoBanue cocTosio U3 IBYX
9TAIOB — MICUXOJIOTHYECKOT0 U NCUXO(U3HOIOrHYecKoro (Tadi. 1).
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Tabmuna 1

IMopsinok npoBeneHust nccjaeI0BAHUS IIponoxkuTeIbHOCTH
Ka)KI0ro 3Tana
| aran — [Icuxos0rnyecKkoe HecaeT0BaHHe 30-45 MmunyT
Omnpochuk T. Daepca «MoTHBaLUS K yCTIEXy» 10-15 muHyT
JlmunoctHell onpocHuk Teitnopa 10-15 muHyT
Onpochuk I1. TTumo 10-15 munHyT

Il 3ran — [Icuxogu3nogorudeckoe uccjieToBaHue

1 yac 30 MuUHYT

| m3mepenne UCC u AJ]

Peructparmst IKI B cocrosiHud oTHOCHTENRHOTO moKost (To) 5 MHHYT
Tecr «Pedekcomerpusi» 1 ogHOBpeMeHHast peructparms KT (T,) 6 MUHYT
Peructpanust KT B BoccranosuteabHoM neproe (T) 5 MHHYT
Il m3mepenne UCC u Al —
Ymcmeennan nazpysxa 60 munym

111 m3mepenne YCC u AL —
Peructparms KT B cocrosauu nokost nocie YH (To) 5 MHUHYT
Tecr «Pedekcomerpusi» 1 ogHoBpeMeHHast peructparms KT (T,) 6 MUHYT
Perucrpanms DKI' B BoccranosurensaoM nepuoe (T,)

IV m3mepenne UYCC u AZL

5 MHHYT

YMcTBeHHas! Harpy3Ka IpeACTaBIIsIa co00i TeCTOBBIE 3a/JaHUsI YMCTBEHHOTO XapaKTepa — TecT
Ha BHuMaHue “Clocks Carrousel” u Tect Ha mamate “Memory Capacity Biotester”, TpeOyromue
BBICOKOH COCPEJOTOYEHHOCTH BHHMMAaHHMS M YMCTBCHHBIX YCHUJIMH JUIi JOCTMDKEHMS BBICOKOM
pe3yIbTaTHBHOCTH, TEM CaMbIM BbI3bIBask Hanpspkenue (I'eBopxsta D.17., 1995).

MeToaunka NMpoBEACHUSA UCCTICA0OBAHUS

OnpocHukn. Ilpy HCClIeIOBaHMM  NMCHXOIMOIMOHAJIBHOTO  COCTOSIHHS — HCIIBITYEMBIX
OLICHMBAIIMCH: ypoBeHb MoTHBalmu (onpocHuk T. Dnepca «MotuBaims k ycrnexy» (Posanosa B.A.,
1999)), ypoBeHb TpeBOKHOCTH (JIMYHOCTHBIN onpocHuK Teitnopa (Jepmanosa U.B., 2002)), ypoBeHb
nenpeccud, acteHun ¥ unoxoapuu (ompocHuk I[LITmmo (Hadrymsesa A.HM., 2003)). Bce
OTIPOCHUKH OBIIN KOMITBIOTEPHO-MOH(UIINPOBAHHBIM.

Tect «Pedaexcomerpusi». nsa peructpauun Bpemenn [I3MP u onenkm mnokasaTemneid
HCTIONB30BANICS MICUXO(HU3NOTOTHYECKUH TecT «Pednexcomerpusy, BXOISIIIIH B
aBTOMATH3UPOBaHHYIO cucTeMy. I1o BpeMeHN OTBETHBIX pPEakIHil pacCUMTHIBAINCH CPERHEE BPEMs
peaxkuuit (M_t) u cranmaptHoe oTkinoHeHHe cpexnHero (SD). C ydyeroM BpeMeHH peakLuu Obul
noyydeH psia (QyHKIHOHAIBHBIX IOKa3aTesei: MOABMKHOCTh HepBHBIX mpoueccoB (ITHII), cuma
nporeccoB Bo3Oyxnenust (CIIB), ypoBeHp ¢yHkunoHanmbHbIX Bo3MmokHocteir L[HC (YOB) u
o6obmuraromuii mokasarens — uHACKC QpyHkuuoHaitbHoro cocrosiHus LITHC (M@C). [o komuyecTBy
OIMMOOK OINEpPEeKEHUs] W 3ala3/bIBaHUS PACCUNTHIBAINCH IIOKA3aTENH, CBHIETEILCTBYIONIHE O
nepeBo30yxaennn (I1B) mimm mapoxcmsmansHoi 3atopmoskerHocTH (I13) coorBercTBeHHO. Takxke
omnpexemsuck npu3Hakyu yromnenus (I1Y) npu BBITOTHEHHH TecTa, pacCUMTaHHbBIE TI0 YPaBHEHUIO
JIMHEWHOM perpeccud.

Perncrpanus KT u ananu3s BCP. JIng OLEHKM COCTOSIHMS BETeTATHMBHOW PEryisiluud y
HCHbITYyeMbIX mnpoBoxmiaack peructpauus OKI' m mocnenyrommii anamu3 BCP  mocpenctsom
anmaparHo-niporpamMmmHoro  komiuiekca "Elephys" Ha 0a3e IMEepPCOHATBHOTO KOMIIBIOTEPA,
coequHernoro ¢ nomurpapom (I'esopksan D.I'., 2001). B paGote ObUTH HCIIOIB30BAHBI CICAYIOIIHE
meToabl anann3a BCP:

v\ cmamucmuueckuil u 6peMennoll anaau3 ¢ OUEHKON CpeHero 3HaYeHus BceXx R-R wHTepBaios

B BBIOOpKe (MX, Mcek), cpejHero kBaapaTuaHoro oTkiaoHeHus (SDNN, Mcek);
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v\ eucmoepaguueckuil ananu3z WM 6apUAYUOHHAS NYAbCOMempusi C OICHKOM BapHAHMOHHOTO
pa3smaxa (Ax, mcek), Moasl (Mo, Mcek), ammiauTyasl Moasl (AMo, %) W psoa BTOPOUYHBIX
mokasaresied — WHIeKca BereratuBHoro pasHoBecus (MBP, ycmen.), BereratmBHOTO
nokazarens putma (BIIP, ycn.en.), mokaszarens agexBatHocTH mporeccos perymauuu (ITAIIP,
yci.eql.), UHAeKca HanpshKeHUs peryiaropHbix cucteM (MH, yen.en.);

v’ cnexmpanshblii auanu3 ¢ OLUEHKOH obmel MommHoctH crektpa (TP, mc®), MOIHOCTH BOJTH
O4eHb HHM3KOHW YacToThl B auanazoHe 0,003-0,04 I'm (VLF, MCZ), MOIITHOCTH BOJH HH3KOMH
gactoTsl B quanazone 0,04-0,15 ' (LF, MCZ), MOUTHOCTH BOJIH BBICOKOHM 4acTOTHI B TUAIIa30HE
0,15-0,4 I'm (HF, MCZ), OTHOCUTEJIbHBIX 3HAYCHUN MOIIMHOCTH BOJIH BCEX PacCMOTPEHHBIX
gactot B npouentax (VLF%, LF%, HF%), cumnaronapacummnaruyeckoro utaekca (LF/HF),
nHpekca nentpammsannu (ML, yem.en.), mHAEKCa akTHBAIIMY TIOAKOPKOBBIX HEPBHBIX IIEHTPOB
(UAII, ycn.exn.), KOMIDIEKCHOTO MOKa3aTellsl — ITOKa3aTelb aKTUBHOCTH PETyIATOPHBIX CHCTEM
(ITAPC, 6amnsi);

v aemoxoppensyuonHbll GHAIU3 C OLIEHKON aBTOKOPPENSIIHOHHOrO mokasaresst k1.

O6o3Hauennss mokaszareneii BCP mpuBomsTcs ¢ ydeToM OMyOJMKOBAaHHBIX PEKOMEHIAIUN
EBpomeiickoro  kapamonormyeckoro  obmectBa U CeBepo-AMEpHKaHCKOTO  oOmiecTBa
anekrpodusnosoruu (Heart rate variability: standards of measurement,..., 1996).

OneHKa 0CHOBHBIX MOKa3aTeJieil CHCTeMHOH reMOINHAMHKH

Ha ocHoBe m3MepeHHs 4acTOThl cepiacuHbix cokpamienuit (UCC, ya/MuH), CHCTOIUYECKOTO
aprepuansHoro aasieHus (CAJl, MM.pT.CT.) U JAHACTOJIUYECKOTO apTepuanbHoro aasneHus (AL,
MM.pT.CT.) MeTogoM KopoTkoBa MO COOTBETCTBYIOIIMM (hopMylaM pacHHUTHIBAINUCH CIICTYIOIIUE
MOKa3aTeNId CHUCTEMHOW TeMOAWHAMUKH: yaapHbd o0vem (YO, Mi), MUHYTHBIH 00BEM KPOBH
(MOK, wmn/muH), obmee mepudeprdeckoe compoTueneHne cocyzoB (OIICC, mmm/c*em®),
BEreTaTuBHBIN Moka3zarenb kKpoBoobpanienus (BIIK, ycn.ex.).

MeTtoabl 00padoTKH JaHHBIX

CpaBHHTeJbHBII aHATH3 HccTeyeMbIX MPOIeCCOB

IMpoBomuics  CpaBHUTENBHBIH ~ aHAIM3  XapaKTEPHCTHK  HCCIEAYEMBIX  ITPOIECCOB.
PaccmarpuBaics koapduiment koppemsiiun Ilupcona. Taxke OBUT NPOBEAEH CIEKTPAIbHBIHN
aHaIM3 MHTEpBAJIOrpaMM JUHAMHUECKOro psaa BpeMeHu pearupoBanus II3MP u R-R unrepranos
Cep/IeuHOro pUTMa MeTOI0M ObIcTporo npeodpaszosanus Dypee.

CratucTuyeckasi 00padoTKa M JaHHBIX

Cratuctryeckass 00pabOTKa pe3ylbTaTOB HCCICAOBAHUS TPOBOMWIACH C  TOMOIIBIO
KOMIBIOTepHEIX IporpamMm Microsoft Excel 2010, GraphPad Prism 5, SPSS 16.0.2. HopmansHOCTS
pacnpeneneHus BEIOOPKH omnpexensuiack o tecty Koamoroposa-CyupHoBa. 171t OIEHKH pa3iHdInit
MEXy TPyNIIaMH C HOPMAJbHBIM paclpefeNieHneM IMpuMeHsuics t-kputepuit CTblomeHTa, a Uit
OLICHKU Pa3IM4YMil MEXIy TIpyINIaMH C TayCCOBKMM MpUONMKeHneM mnpuMensuics U-Kputepuit
ManHa-YuTHH. YPOBEHb JOCTOBEPHOCTH OLICHUBAJICS KaK MEXAY I'PYIIIaMH, TaK U MEXAY dTallaMu
MCCIIeIOBAHUSL.

PE3YJBbTATBI UCCJIEJOBAHUS U UX OBCYKJEHUE

UccenoBaHue Bo3pacTHBIX 0CO0EHHOCTEl IICHX0IMOIMOHAIBLHOTO COCTOSTHUS
HCIBITYEeMbIX

Jlo Hayanma TpOBEINCHUS JKCICPUMEHTA HCIBITYEMBbIC OIICHUBAIN COOCTBEHHOE COCTOSIHHE
3I0POBbSl M CaMOYYBCTBHE METOJIOM 3KCIIPECC-OMpoca, TPH KOTOPOM YYHTBHIBAIUCH (HaKTOPEHI,
MOCTY)KUBIIUE KPUTCPUSIMUA HCKIIOUYCHHUS M3 DKCIEPHUMEHTa TEeX, KTO HE COOTBETCTBOBA UM
(HanmM4Me XpOHHYECKUX 3a00JICBAaHHM, YacThIe TOJIOBHBIC OOMM ¥ OONH JAPYroro Xapakrepa,
Ka4ecTBO M IMPOJODKUTEIBHOCTh CHA, YIOTPEOICHUE alIKOTONIsl 1 MEAMKAaMEHTOB 3a mocieanue 24
yaca).



Amnamms tecta T. Dnepca «MoTHBanus K ycHexy» BBIIBHI, YTO Yy OOJIBIIMHCTBA UCIIBITYEMbIX
BCEX BO3PACTHBIX TIPYII YPOBEHb MOTHBAIMM OBII yMEPEHHO BBICOKHH, YTO TOBOPUT 00 HX
TOTOBHOCTH K HPEJCTOAIIEH MAESITENPHOCTH M O XENaHWH JOCTHYb €€ BBICOKHX PE3yIbTaToOB.
Pe3ynbTaTel HCCIENOBaHUS IICHXO3MOIMOHAIBHOTO COCTOSHHS HCIBITYEMBIX II0 OIPOCHHKY
Tetinopa u I1. [Iumo npeacraBneHb! Ha pUCYHKE 1.

=o—Ipynna | ~@-Tpynna Il

=a&—Ipynna Il =X¥=Kourp. rpynna IV
*

yeILe.

45.0

50 /\ Puc. 1. Jluneiimas namarpamma
*# IICUXOJIOTHYECKUX TIOKa3aTenen y

/ /§\\ HCCIIEyEeMBIX TpyImL. Jlunun

250 2 > TMOTPEUIHOCTH  JaHbl ¢ 5% — oif
3HAQYUMOCTBIO.  — JOCTOBEPHOCTH
15.0 - pazmuunit mexay [ u I, 1 u III

rpymmamu, © —  JIOCTOBEPHOCTH
pasnuuunit Mexay 11 u 11 rpynnamu.

5.0 T
TpeBoxkHOCTH Jenpeccust AcTteHust Hnoxonapus

Kax BuaHo wu3 pucyHka, ucoeityemble [II rpynmbl OTiIMuYanuch BBICOKMM YPOBHEM
TPEBOKHOCTH, JAEHPECCUU M ACTEHUM MO cpaBHeHHIO ¢ ucnbityemMbiMd | u Il rpynm. Tak, y III
TPYIIB YPOBEHb TPEBOKHOCTH OBUT JOCTOBEpHO Bbime Ha 17,2%, wem y Il rpymmsr (p<0,01),
ypoBeHb nenpeccun — Ha 43,9% (p<0,05) u Ha 98,0% (p<0,01), a ypoBeHb acTeHuu — Ha 42,5%
(p<0,05) u Ha 113,7% (p<0,001) o cpaBHenuto ¢ I u Il rpynnamu coorBercTBeHHo. [1o mokaszaremnto
YPOBHS HIIOXOHJIPUHM JOCTOBEPHBIX MEXKIPYIIOBBIX pa3nuuuii He oOHapyxeHo. Mexnay I u
KOHTPOJIGHON TpYIIaM{ JOCTOBEPHBIX Pa3lIMYMi MO BCEM MOKa3aTeNsIM ICHXO3MOLMOHAIBEHOTO
COCTOSIHUSI He HaOJII01aJI0Ch.

Takum o00pa3oM, y CTapmieid BO3pacTHOM TpyNIbl BBLBIEH Ooiee BBICOKHA YPOBEHb
TPEBOXHOCTH, JAETMPECCHH M AaCTeHHH, UYTO, TI0 BCEH BEPOSTHOCTH, CBS3aHO C HAKOIUICHHEM
HETaTUBHBIX JKU3HEHHBIX COOBITHH, HEKOTOPHIM CHIDKGHHEM KadecTBa >KM3HH U OBICTPO
BO3HUKAIOIIMMH TIpH3HAKaMH yTomieHus. Hambonee OmarompusTHOE ICHXO3MOIHOHATEHOE
COCTOSIHUE OTMEYEHO y UCIIBITYeMBbIX || rpymmb.

Hccnenosanue Bpemenn [I3MP 10 1 mociie yMCTBEHHOI HArpy3KH y MCCJIeTyeMbIX
BO3PACTHBIX TPy

Omnpenenenne Bpemenu [I3MP sBiseTcss Hanbosiee IPAKTHKYEMBIM U 00BbEKTHBHBIM METOJIOM,
KOTOPBIi MMO3BOJISIET OleHuBaTh pasnuyHble cropoHsl @C [HC. Kak BugHo w3 Tabmuusr 2, g0
ymcrBeHHoW Harpysku (YH) y | rpynmsl HaGmroanoch HOCTOBEPHO HH3KOE 3HA4YCHHE BPEMEHH
peaxuun (M_t) mo cpauenuto co Il u Il rpynmamu. Tak, y |l rpynmst oHo 6but0 Gonbiie Ha 5,3%
(p<0,05), a y Il rpymmer wa 9,6% (p<0,001). Jo YH mns mokaszatens SD, oTpakarouiero
CTaOMJIBHOCTh HEPBHBIX IIPOLIECCOB, MEXIPYMIOBBIX pa3nuuuil He BeiABIeHO. [locie VYH
HaOJII0/1ATI0Ch TOCTOBEPHOE YMEHBIIIEHHE CPEHUX 3HaYeHHH mokasareneit M_t ua 6,7% (p<0,01) u
Ha 5,4% (p<0,05) u SD Ha 10,0% u Ha 10,2% (p<0,01 ans oGeux rpymm) y ucnsiryemsix | u 1l
rpymn coorBercTBeHHO. Y |l rpymmer 3mauenmst mokaszareneit M_t m SD He m3mensunch u
npeBbImany Takosele y | u |l rpymm.

Jlo VH cpenHee 3Ha4YeHne HOKa3aTells MOABIKHOCTH HepBHBIX mpoueccos (ITHIT) y 11 rpymmst
OBUIO JTOCTOBEpHO HIbKe 1o cpaBHeHHo ¢ | m Il rpymmamu, a 3HadeHWs mokasarenel ypoOBHS
GbyHKIHMOHANBHBIX Bo3MOXHOCTel (Y®B) u uHmekca QyHKiuoHaibHOro cocrosiausi (MDC) —
TOJIbKO 1O cpaBHeHuto ¢ | rpymmoii (p<0,05 mst Bcex mokasareneit obeux rpymm). Mexay Il u 11
rpynnamMy MO AaHHBIM TOKa3aTelsiM 3HAuUMBIX pasnuuuii He oOHapyxkeHo. Ilokasarenb cHIIbI
nporieccoB Bo30y:kaeHus (CIIB) y Tpex rpyIm He pasindacst.
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Tabmuna 2

OynxnroHanbHbIe oka3arenu [I3MP y nccnenyemsix rpynn 1o (A) u

nocie (b) ymcrBenHo# Harpysku (M+SD)
Ipynmst I'pynma I I'pynma I1 I'pynma M1 Konrpomhas
(1=29) 33 | P e2e) p | rpymalV
Iokazarenu (n=10)
A
M_t (mcek) 260,10+30,52 | 273,93+31,93 | " | 285,10#23,59 | ™" | 271,50+15,06 | -
SD (mcek) 53,13+9,14 50,85+8,99 | - | 52,71+5,96 - 48,93£8,40 | -
ITHII (ycn.en.) 3,63+0,27 3,64+0,28 - 3,48+0,27 o 3,66+0,28 -
CIIB (ycn.exn.) 1,48+0,33 1,43+0,35 - 1,32+0,35 - 1,46+0,33 -
Y®B (ycn.en.) 2,87+0,38 2,75+0,44 - 2,63+0,39 ) 2,78+0,38 -
NOC (yen.en.) 1,81+0,21 1,75+0,24 - 1,68+0,21 ) 1,79+0,33 -
1B (ycn.exn.) 1,17+0,73 0,96+0,61 - 0,97+0,64 - 0,94+0,40 -
113 (ycn.en.) 0,50+0,36 0,79+0,55 ) 0,75+0,52 - 0,76+0,42 -
b

M_t (mcek) 242,80+23,02 | 259,00+22,06 | * | 275,70£29,00 | "% | 259,90+12,47 | -
SD (mcek) 47,8146,51 45,67£7,89 | - | 50,81+8,04 i 45594536 | -
ITHII (ycn.en.) 3,69+0,24 3,75+0,18 - 3,60+0,22 " 3,72+0,21 -
CIIB (ycn.exn.) 1,52+0,32 1,63+0,32 - 1,23+0,53 o 1,60+0,30 -
Y®B (ycn.en.) 2,93+0,35 3,01+0,35 - 2,65+0,44 e 2,97+0,26 -
NDC (ycn.en.) 1,85+0,18 1,89+0,19 - 1,72+0,26 il 1,86+0,20 -
1B (ycn.en.) 1,30+0,58 1,12+0,60 - 1,11+0,57 - 0,64+0,43 i
113 (ycn.en.) 0,45+0,34 0,52+0,37 - 0,60+0,42 - 0,67+0,31 -

Ipumeuanue: paciuppoBKy abOpeBHaTyp CM. B pasaenie «MaTepuan U METOMbI». N — KOJIUYIECTBO
HCIIBITYeMbIX.  — JOCTOBEpHOCTh pasmuumit Mexcay I u I, 1 u III rpymmamu, * — nocrosepHOCTH
pasmuunit Mexcay 11 u 111, II 1 koHTpoNbHOM rpymmamu. JlocToBepHOCTB: ' — p<0,05, p<0,01,
»<0,001 cooTBETCTBEHHO.

[Mocne VYH cpemHme 3HaueHHWs BceX (PYHKIMOHANBHBIX —TIOKa3aTelell  TOCTOBEPHO
yBeIHInuBaIHCh ToubKo y || rpymmsr. Tak, mokazarens ITHIT ysemmamics wa 3,0% (p<0,05), CIIB —
Ha 14,0% (p<0,01), YOB — Ha 9,5% (p<0,01) u UPC — Ha 8,0% (p<0,01). BeisiBieHo, 4TO mocie
YH noxkasarenu [THII, CIIB, YOB u U®C 6puu Haumensmumu y |1 rpynmet. Kak no, Tak u nocne
VH mexay | u |l rpynmamu 3HaunMoil pasHMIBI 1O BCeM (DYHKIMOHAIBHBIM IIOKa3aTeNsM He
0GHapyKEHO.

Y KOHTpOJNIBHOM rpymmel, Tawke kak U y Il, mpu noBropHOM BbImonHeHuu Tecta [I3MP
HaOJII0/IANIOCh J0CTOBEPHOE yBenndyeHue ckopoctu pearmpoBanus (p<0,05), omaHako yBenuueHue
CTaOMIFHOCTH pearnpoBaHus U (PYHKIMOHAJIBHBIX TOKa3aTelel He MMeIo JOCTOBEPHOTO XapaKTepa.
Kak mpn mepBoMm, Tak ¥ IpH BTOPOM BBHINTOJHEHUH TECTa, MEXIYy OOCHMMHU TpYNIIaMH Pa3HHIBI B
JTAaHHBIX TTOKa3aTeNsIX He 0OHapyKEHO.

V | rpynnet 1o YH 3Hauenue nokasatens nepeo30yxkaenus (I1B) He3HauHTEeNbHO TIPEBBILIANO
takoBoe BO Il u Il rpynmax, u Ha06OPOT, MOKa3aTeNnb MapOKCH3MaIbHOM 3aTopMoxerHocTH (I13) y
Hee Obu1 HaumMeHbIMM. [Ipu paccmorpenun coortHomeHus IIB u I13 y | rpynmsl oOHapyxkeHo
nocrosepHoe npeobnaganue [1B nax I13 Ha 134% (p<0,01). ¥V Il u Il rpynn nmomo6HO#M KapTHHBL He
HaOJII01aJ10Ch.

Ilocne YH y Bcex Tpex rpymn 3HadeHue 11B Heckonbko Bo3pocio, a 3HaueHue 13 cHusmiocs, 4to
TOBOPHT 00 YBENMYEHHH KOJMYECTBA OIMMOOK ONEPEKEHMS M YMEHBIIEHMM KOJIMYECTBA OIIMOOK
3amasabBaHus cooTBercTBeHHO. Ilocne YH B oTHomenun MexrpynnoBbix pasnuuuii [1B u I13
coxpaHsulack Ta ke kaptuHa. Ilocte YH y Bcex Tpex rpymnm HaOJIIONAJIOCh JOCTOBEPHOE

9



npeobnaganue I1B nax IT13 (p<0,001 mis Bcex rpyiim), 4To B OOJBLICH CTENEHU BBIpaXanoch y |
rpynns! ¥ B MeHbIei — y |1 rpymmsr.

B koHTposibHOU Tpynme, kak u Bo |, mpu mepBom BeimmonHeHuu tecta [I3MP Habmomancs
Oamanc Mexny mokasaressiMu [IB u I13. Ilpu BTOpOM BBINONHEHHH TeCTa y HCIBITYEMBIX
KOHTPOJIbHOW TpyHIIbl 0OHapykeHo cHkeHue kak [1B, Tak u [13, npuuem ymensmenue [1B Hocuio
nocroBepHslii xapakrep (p<0,05). B otamune ot Il rpynimbl, B KOHTPOIBHOM TpyIie OanaHe MexIy
I1B u II3 coxpaHsuicss ¥ NpH MOBTOPHOM TECTUPOBAHUH. [Ipy BTOPOM BBIIOJHEHHH TECTa MEXKIY
IpyNIaMH TPOSIBISIACh JOCTOBEpHas pasHuima B mnokaszarene 1B (p<0,01), ¢ ero Gonbiium
3HaueHueM y |l rpymmsr.

Hamu Taroke paccMarpuBaics rmokasarens npusHakos yromiieHus (I1Y) y uccnenyeMsix rpymmn
no u nocne YH. Kak BuaHO M3 pHCyHKa 2, y BceX TpyII, KpoMe KOHTpOJbHOU, mocie YH
HaOII0JAJI0Ch HEKOTOPOE YBEIHMYCHUE CPeqHHUX 3HadeHui [1Y mpakTudecku mo BceM ILIKajiaM, 4TO
CBHUJETEIBCTBYET 00 yBEIIMUCHNH CTETIEHH YTOMIICHHUS.

yemen, I'pymna | yen.en. I'pynna Il
30.0 30.0
T
200 ) 200

100 10.0

00 0.0

(0-5)

100 (5:15) (15-30) (05) (515) (15-30)

-100 Puc. 2. JImarpammsl
-200 200 CpEeIHHUX 3HAYEHUH

HA ub A 4b | qoxkaszatens IIY 1o
Tpymna Il yeren. Koutp. rpymna IV KaX101 IKane y
300 30.0 HCCIIEAYEeMBbIX TPy IO
(A) m mocre (b) VYH.
Jlvuaun MOTPEUIHOCTH
mokasaHel ¢ 5% — oi
3HAYNMOCTBIO. ) -
JIOCTOBEPHOCTb Pa3Iu4Ui

-20.0 -20.0 Mexay stanamu A u b.
HA Wb HA uB

yCILeA.

200

100

(05) (515) (15-30)

(0-5)

(5-15) (15-30)

Taxkum o0pa3oM, B pe3yjbTaTe HaIIMX HCCIIEIOBAaHUI C BO3PAacTOM HAOJIONAIOCh CHI)KEHHE
ckopoctH pearupoBanusi. [Togo0OHbIe 3aKOHOMEPHBIE H3MEHEHHsI [TOKa3aHbl TAKXKe B paboTax JIpyrux
asropoB (Wilkinson R.T. et al., 1989; Fozard J.L. et al., 1994; Ferreira D. et al., 2015).
CrabHIbHOCTh CEHCOMOTOPHOTO PEardpoOBaHUSI BO3PACTHOW 3aBUCHMOCTH He WMena. Bo3pacTHbie
n3MeHeHus: PyHKIHOHANbHBIX mokasareneit [JTHC HocsaT HepaBHOMepHBI xapaktep. Tem He MeHee,
OCHOBHbIE M3MECHEHHWsS JAaHHBIX IOKA3aTeNieil, a MMEHHO WX CHIDKEHHE, MPOUCXOMIST y CTapiiei
BO3PACTHOW TPYMIBI, YTO, IO BCEH BEPOSTHOCTH, CBA3aHO C HEKOTOPHIMU HEMPOryMOpalbHBIMH,
Mop¢odyukunoHaapHeiMu u3MeHeHusiMd LIHC y ucnbityemsix atoit rpymnst. Y 11 u 1l rpynn, B
orTinuue ot | rpymmbl, Hab0KaIach ypaBHOBEIICHHOCTh HEPBHBIX MPOIECCOB, TO €CTh C BO3PACTOM
MpOUCXOAUT yCTaHOBHeHMe PAaBHOBECUS HEPBHBIX MNPOLECCOB C HEKOTOPLIM COl'lyTCTBleL[Il/IM
YMEHBIIEHHEM CHIBI BO30YXKIEHHS H yBEIMYCHHEM IIPOLECCOB TOPMOKeHHUs. IlomoOHbIe
BO3PACTHBIC pa3yiMiusl OallaHCca HEPBHBIX IPOIECCOB OBLUIM OMKMCAaHBI B HccienaoBaHusXx b.I.
AmnanbeBa ¢ coaBT. (AnanbeB b.I'. u ap., 1977).

[ocie YH y | u Il rpymnm BBISBIICHO YBEIMYEHHE CKOPOCTH U CTAOMIIBHOCTH PEarkpOBaHHUsI, YTO
MOXET OBbITh CBSI3aHO Kak ¢ (aKTOPOM NPHUBBIKAHUS, TaK M C TaK Ha3bIBaeMbIM (DEHOMEHOM
«KoMnpomuce CKOPOCTH ¥ TOYHOCTH», KOrJa IpH YTOMICHUH mocie aauTenasHoid YH npoucxoaut
CHIDKCHHE BPEMEHM PEaKUUH C OJHOBPEMEHHBIM yBeIMueHueM KoamdectBa ommbok (Kupoit B.H.,
2003; Wood C.C. et al., 1976; Osman A., 2000). Oxnako y lll rpymmel kKak CKOpoCTh, Tak U
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CTaOMIBHOCTh PEarupoBaHUsI OCTABAINCH HEM3MEHHBIMH. Hen3MEeHHOCTh CKOPOCTH M CTaOMIEHOCTH
pearnpoBaHMsl y MAaHHOW TpYNNBl 3TO HE TOJNBKO HETAaTHBHAs peakius Ha HArpysKy, HO H
cnoco6HocTs [THC 5SKOHOMHMYHO pacxo[oBaTh SHEPTHI0O U OCYLIECTBIATH PETYISALMIO ITyTEM
oxpanuTensHoro topmokenusi (Yenmsimkosa T.B. u ap., 2008). IMomaraem, uro Bospacranue (y
ucnbityeMelx | u |l rpynm) u coxpanenue (y ucmbiTyeMbiX ||l rpymisl) ompeneneHHOro ypoBHS
paboTocrocoOHOCTH MPOUCXOJNUT 3a CUET MOOWIM3AaLUH (YHKIHOHAJIBHBIX PE3EpPBOB OpraHU3Ma U
YBEIHYEHHsT (DU3HOJIOTHYECKON «IEHBI» HesATeNbHOCTH. JIaHHBIM Ipomece y HCCIeTyeMBIX TPYIII
TIOATBEP)KAACTCSl CHIDKEHHEM TOYHOCTH BBIIIOJHEHUS 3aJaHMs, a TAKKe YBEIMYCHHEM II0Ka3aTellst
MIPU3HAKOB YTOMJICHHS y OOJBIINHCTBA UCIIBITYEMBIX.

Onucanesle u3MeHeHus mnokasarteneil II3MP y ucnoeITyeMbIX KOHTPOJIBHOH Ipymibl Ipu
BTOPOM BBINOJHEHUH TECTa, MO BCEH BEPOSTHOCTH, OOYCIOBIICHBI OTCYTCTBHEM HEOOXOAUMOCTH
MOOMIM3aIUK (PU3HOTOTHYECKUX PE3epBOB B yCIOBUAX oTcyTcTBHsA YH. OTO moarBepkaaercs u
yYMEHbIIEHHEM TOKa3aTelsl MPU3HAKOB YTOMIICHHS y OOJBIIMHCTBA HCHBITYEMBIX IIPU MOBTOPHOM
BhIMONHEHUH TecTa [I3MP.

HccnenoBanue nokasaresieit BCP u cucreMHo# reMoOIMHAMUKH 10 M 1I0CJI€ YMCTBEHHOM
HArpy3KH y MccjleyeMbIX BO3PACTHBIX IPYIIT
JIis OLIGHKH aNanTalMOHHBIX pEakiuii W (QYHKIMOHAIBHBIX BO3MOXKHOCTEH OpraHH3Ma
MIPOBOJIIIOCH KOMILIEKCHOE HCCIcoBaHHe oKa3areneit BCP u cucteMHoO# reMoTMHAMUKH.

Hccnedoganue nokazameneii 6pemMeHH020, 2UCMOZPAPUUECKO20, CHEKMPATIBHOZO0 U
asmokoppenayuonnozo ananuzo¢ BCP 0o u nocne ymcmeennoii Hazpy3Ku y uccieoyemuix
603PACMHbIX 2pynn

V ucneityembix |l rpynmst B cocrosiHuu oTHOCHTENBRHOTO MOKOs (To) OTMEUEHO CTATHCTHYCCKH
3HAYMMOE CHIKEHHE cpeiHero keaiapariynoro otkioHeHus (SDNN) u BapuaimoHHoro pasmaxa
(Ax) u yBenmuenwe amminTyasl Moael (AMO), uHmekca BereraTuBHOTO paBHoBecusi (MBP),
BereTaTuBHOro mnokasarens putMma (BIIP), moxaszarens afeKBaTHOCTH HPOLIECCOB PErYJIALUU
(TTIAIIP) u unnexca nanpsokenust (MH) no cpaBaenuio ¢ | u |l rpynmamu. B wactHOCTH, 3HAYeHHE
SDNN y Il rpynmst 6sm0 Menbine Ha 32,2% u Ha 24,4%, a UH — 6onbime Ha 70,3% u Ha 45,7%
(p<0,001 nmst mByx mokasateneit obeux rpymm), uem y I u II rpymn coorBeTcTBeHHO. Y crapiieit
BO3PACTHOM TpyIIBl HAOIOAAJIOCh TakXKe CHIDKeHHWe odOmieit mommHOocTH criektpa (TP) 3a cuer
yMeHblieHus: Hu3kouactotHoro (LF) u BeicokouacrotHoro (HF) KOMIIOHEHTOB M yBenndeHHe Kak
abCOJIFOTHOTO, TaK M OTHOCHTEJBHOTO 3HAYEHHS OYEHb HHM3KO4acToTHOro kommnonenta (VLF).
HUcnerryemsie 11 rpynmsl oTIHYanuch Takke HU3KUM 3HaueHueM HF%. Tak, 3nauenue VLF% y 111
rpynmsl 66110 Gosnbine Ha 6% (P<0,01) u Ha 4% (p<0,05), a 3HaueHne HF% — menbure Ha 4% u Ha
3% (p<0,05 mnst o6eux rpymm) mo cpaBHenuto ¢ | u Il rpynmamu cootBercTBeHHO. J[yist OKazaresst
LF% MexaIy HcClieyeMbIMH TPYINIaMH CYLIECTBEHHBIX pa3inuuii He oOHapyxeHo (puc.3).
Hcnsityemsie |11 rpynms! oTianganuch Takxke BRICOKMMH 3HAUCHNSIMU HHAEKca eHTpanmm3anny (ML)
u Kl ¥ HU3KHM 3HAYeHHEM WHJEKCA AKTUBAIMKM MOJAKOPKOBBIX HepBHBIX mentpoB (MAII). Ha
OCTaJIbHBIX ATAlax MCCIEI0BaHMs MEeXIy TpynaMu B nmokasatensix BCP coxpaHsiack mpakTHYECKH
Ta K€ pa3HHLa.

[Tpu nepBom BeinonHeHuu Tecta II3MP y | u |l rpynn BbIABIEHO HOCTOBEPHOE yMEHBILCHHE
3nayeHnit SDNN, Ax u yBemuuenne VIBP, IH, a y Il rpynmsl — ymensmenne SDNN u yBennuenue
AMo, TTAIIP u HUH. Taxk, 3mauenne SDNN cumsunocs Ha 13,3%, ma 12,5%, Ha 14,0%, a UH
noBeicwiics Ha 31,5%, wa 25,6%, Ha 25,1% y I, Il, u Il rpynm coorBercTBeHHO. BO Bpems
BBIMIOJTHEHUS TECTA Y UCCIIEAYEMBIX IPYIIT OTMEYANIOCh CHIDKEHHe o0mel MomHocTh cuekrpa (TP)
3a CUeT YMEHBIICHHs BCEX €ro KOMIIOHEHTOB, HO B Ooijblueil Mepe 3a cuer ymeHsmneHus HF
koMmroHeHTa. IlomuMo ymeHbIIeHHS abconroTHOW MomHocTd HF KommoHeHTa y Tpex TIpynn
BBISIBJICHO CHIKEHHE €T0 OTHOCUTENIbHOM MoIHOCTH: Ha 3% y | rpynmel, Ha 4% y || rpynmet, Ha 5%
y Il rpynmsr. V11 rpynnsr HaGmonanocs taxoke ysenuuenne LF% na 3%, a 'y 11l rpynmsr — VLF%
Ha 4% (p<0,05 mus qByx rpymm) (puc. 3).
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Puc. 3. JluarpaMMbl OTHOCHTENIBHBIX 3HAYEHUH CIIEKTPATIbHBIX KOMIIOHEHTOB Y MCCIEYEMBIX IPYIIIT
1o (A) u mocne (b) YH. Ty — cocrosiHue nokosi, T; — BemmonHenue tecra [I3MP, T, — mepuon
BOCCTaHOBJIEHHsA. [IpOLEHTBI OmNpeneNneHsl W3 OOIIeH CIEKTPaIbHOH MOIIHOCTH KOMIIOHEHTOB.
JInHNM TIOTPENTHOCTH MOKa3aHEl ¢ 5% — 0if 3HAYNMOCTBIO. = JIOCTOBEPHOCTH pazimuunii Mexnay | u
1, 1 1 N rpymmamu, * — mocroBeproCTs pasmaumit Mexcy |1 u 111 rpymmanmm.

ITpu Beimonsenuu Tecta [I3MP y Tpex rpynn yBenuuuinch 3Hadenus LF/HF, WIT u k1. TIpu
BTOpOM BbInosHeHnH Tecta [I3MP mocne YH y Bcex uccnemyeMblx TpyNI XapakTep W3MEHEHHH
noKasaTeJsield ObLI OZIMHAKOBBIH, HO X BBIPQKEHHOCTH OblIa HECKOJIBKO 0OJIbIIE, YTO, CKOPEe BCEro,
OOBSICHSIETCS TPOSIBICHUEM IPU3HAKOB YTOMJIEHMS, NPU KOTOPOM OpPraHM3My IOHAaZoO0MIOCh
Gosnblie (YHKIMOHATBHBIX PE3EPBOB IS JOCTHXKEHUS M COXPAHEHHS OMNPEIENICHHOTO YPOBHS
paboTocniocobHoCcTH. [Tocie BBIOMHEHHS Kak MepBOTo, Tak U Broporo tecta [I3MP y mccnemyemsrx
TPy HabJII0aJI0Ch BOCCTAHOBJIEHHE PaOOTHI PETYIITOPHBIX CHCTEM.

Onucannble m3MeHeHus okasateneid BCP npu BemosiHeHnn tecta [I3MP cBHIETENBCTBYIOT O
MOBBIIICHUH TOHYCa cuMmnarndeckoro oraena BHC, akTHBHOCTH IIEHTPaIbHOTO KOHTYpa PEryIISAN
CEepICYHOIl JEeATENILHOCTH, HEKOTOPOM HANpPSIKEHUM DETYJISATOPHBIX MeXaHU3MOB. IlonoOHble
n3meHenus nokaszareneid BCP npu yHKIMOHAIBHBIX Harpy3kax KaKk MEHTAJbHOTO («CUET B yMe»,
peaxuus BBIOOpa U T.1.), TaK U IICHXOMOTOPHOTO XapakTepa ObUIH IMOKa3aHbl U B psilie Apyrux padot
(Wang Z.L. et al., 2005; Cinaz B. et al., 2010; Murray N.P. et al., 2012; Pendleton D.M. et al., 2016).
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ITocne mponomkutensHod YH (60 munHyT) Ha Tpex sramax wuccnenoBanus (To, Ty, To) y
ucnsityeMslx | u |l rpynn ormeuanocs yBenmuenue 3Hadenumii SDNN u Ax, ymensmenne VIBP u
BIIP, a y Il rpynmst eme u camxenne AMO u ITAIIP no cpaBHEHHIO ¢ COOTBETCTBYIOIIMMHE 3TaraMu
no YH. ¥V I rpynnsel nocne YH 3nauenne MH noctoBepHO yMmeHbIIanock ToNsko B T3 Ha 25,5%
(p<0,05), a y Il rpynms! — Ha Bcex Tpex 3Tanax nocie YH: na 35,9%, Ha 28,0% u Ha 36,4% B Ty, B
T, u B T, coorBerctBenHO (p<0,001 m71s1 Beex atamo) (puc. 4).

4=T'pynnal =T py!
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Puc. 4. Jluneitapie auarpammbel auHamukd WMH y uccnenyemsix rpymm mo (A) u mocne (b) YH.
Ob6oznauennsi: To — cocrossaue mokos, T; — BemomHenume Tecta [I3SMP, T, — mnepuon
BOCCTAHOBIICHUS. JIMHUM OTPEITHOCTH MOKa3aHbl ¢ 5% — 0if 3HAYMMOCTBIO.

VY obenx rpynm moj BIMsSHUEM miuTenabHOH YH mpomsonuio yBenuueHue oOIieil MOITHOCTH
crnektpa (TP) 3a cuer yBennueHHs1 BceX ero KOMIIOHEHTOB, a TaKkKe yBenuueHue nokaszarens HF%.
Onnako Takue nokasarend, kak LF%, cootnomenune LF/HF 1 VLI y HUX yMECHBIINIIHCE.

[TonmydyeHHble JOCTOBepHBIE M3MeHEeHUs mokasatenedd BCP  yka3piBaloT Ha cMelleHHe
BEreTaTMBHOTO OajaHca B CTOPOHY NpeoOiafaHMs IapacUMIIaTUYECKOTO BIHMSHHS, YCHIICHHUE
aKTHBHOCTH aBTOHOMHOTO KOHTYpa pETyJSIUH CepAedHOro putMa. HekoTopsle mcciemoBarenn
OOBACHAIOT MOAOOHYIO pEaKIUIo Kak OJWMH M3 ()aKTOpOB WHAMBHAYAIbHOH yCTOHYHMBOCTH
OpraHM3Ma K BO3MOXKHBIM HApYIICHUSIM pabOTHl CEpAEYHO-COCYIUCTOH CHCTEMBI B YCIOBHSAX
nH(GOpPMAIMOHHOIT HArpy3KH, C OJHOM CTOPOHBI, a TaKXke KaK OOBEKTHBHOE CHIDKCHHE
paboTOCIIOCOOHOCTH M OIIyIeHHEe CYOBhEeKTHBHOTO AuckoMdopTa, ¢ Apyroi CTopoHs! (ApTeMEHKOB
A.A., 2007; bapunosa M.O. u ap., 2009).

V wucneityembix Il rpynner mocne mmmrensHoit YH moxazarenn BCP He M3MeHsuMCh, 4TO
TOBOPUT O CTAOMIBHOCTH CEPACYHOI0 PUTMA, CBSI3AHHOI ¢ HAJWYKMEM HAMpPSKEHHsS B PEryJISTOPHBIX
cucremax. [logoOHOe cocTosiHME, CKOpee BCETo, OOBSCHSIETCS OTCYTCTBHEM Y HUX JOCTaTOYHBIX
(YHKIMOHATBHBIX PE3EPBOB U, CIIEIOBATENHHO, HI3KHMH aJalTAHOHHBIMHA BO3MOKHOCTSMH.

VY HCHBITyeMBIX KOHTPOJIBHOW TPYyINBI IOCNE OTABIXA, B OTIMYME OT McHbITyeMbIX |l rpymmsr
nocie amurensHOoM YH, moxazatenrm BCP He wW3MeHsuMCh, 9TO TOBOPHUT 00 OTCYTCTBHH
CYLIECTBEHHBIX M3MEHEHUH B CHCTEME pEeryJsilUM CepAeYHOM IesrenbHocTH. OYeBHAHO, 4YTO
BBILICONMCAHHBIE W3MeHeHHs mnocie YH y wuccnenyembix rpynn oOYyCJIOBJIEHBI BIMSHHEM
YMCTBEHHOH JIEATETBHOCTH.

Takum oOpaszoM, B pe3yiabTaTe MareMaTruueckoro aHanmmsza BCP y ucmeITyembIx crapiuei
BO3pPAcTHOHW TPYyNIBI BEIABIEHAa CTAOWIM3AaIUs CEpPACYHOTO PHUTMA, IPeoOIafaHne LEHTPATbHBIX
MEXaHU3MOB DETy/SIIUM CEepAeYHOIl NesATeTbHOCTH HajJ aBTOHOMHBIMH, OoOJiblliee HAIpsDKCHUE
perysaTOpHBIX cucTeM Ipu BbinonHeHuu Tecta II3MP no cpaBHeHuto ¢ ucnsiryemsimu I u II rpynm.

ITonmydeHHnsle pe3ynbTaThl M3MEHEHMs mokazarened BCP mo3sBomsOT HaM BBIIEIUTH TPU
BapHaHTA PETYJISLUM CEPACYHOI0 PUTMA B 3aBUCUMOCTH OT THIIA M JUIUTEIBHOCTH (YHKIIMOHAIBHOM
Harpy3ku. [1epBblil TUIT peryJisiuu, TPOSIBISIOMUICS peolalaHueM CUMIIAaTHYECKOH aKTUBHOCTH,
BBISABJICH Y BCEX I'PYII NpH BbinoiIHeHUU Tecta [I3MP, KoTopbIif MOKHO paccMaTpuBaTh KaK HEKHH
cnabbiii crpecc-¢akrop. Bropoit Tun perymsiumu otmedancst y ucnbityembix | u Il rpynn npu
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BO3ICHCTBHU MpOAoIDKUTENbHONH YH B BHIe mpeoOiiafaHus NapacHMIIATHYECKONW aKTUBHOCTH B
PETYISTOPHBIX CUCTEMaX CepACYHOro putMma. [IoqoOHBIH THUIT peryIsIHU, CKOPEe BCEro, CBS3aH C
MIPOSIBIICHUSAMH MPU3HAKOB YTOMJICHHS. TPETHi TUI PEryALUH CEpACYHOTO PUTMA, BBISIBICHHBIN Y
cTaplIei BO3pAacTHOW TPYIIBI, IPOSBIUICA CTaOMIBHOCTBIO Mokazateneit BCP mocne anurensHOU
VYH. [lonoGHast peakius cepiedHOro pUTMa B H3BECTHBIX HAM JIUTEPATYPHBIX HCTOYHHUKAX paHee He
ObLIa OIHCaHA.

Hccnedoganue noxazameneii cucmemMHOl 2eMOOUHAMUKY 00 U ROCTIe YMCMEEHHOU HAZPY3KU Y
uccneoyemvix 603pAcmMHbIX 2pynn

CpaBHUTENBHBI aHaNM3 IOKa3aTelied CHCTEMHOW Te€MOAWHAMHKH BBUIBHI HEKOTOpHIE
MEXTPYNIOBBIEe pasnuyus. Tak, y ucnbeITyeMbIX | rpynmsl npu Beex uyetbipex mamepenusx UCC u
AJl oTMeYanuch HHU3KUE 3HadyeHus yaapHoro oowvema (YO), munyrHoro oobema kposu (MOK) u
BBICOKOE 3HaueHue 001ero nepudepuueckoro compotusieHus cocynos (OIICC) mpu uuszkoit YCC
mo cpaBHeHuto ¢ ucneityeMbiMi Il u III rpynm, y kotopsix HaOmioganack oOpaTHash KapTHHA.
IMogoOHOe mposiBICHHE IIOKa3aTelell T'eMOAWHAMHKH YKa3blBaeT Ha HOPMOTOHHYECKUI THI
peryisinuy paboThl cepAlla y MCHBITYeMbIX | TpyNIBl U THIIEPKHHETHYECKUI THI PEryisiiud — y
ucnbiryeMslx 11 u III rpynn. IlomydeHHble HaHHBIE COINIACYIOTCS M C BEreTaTHBHBIM IOKa3aTesleM
kpoBooGpamienus (BIIK), 3sHauerne KoToporo y I rpyIimbl cCOOTBETCTBOBAIO COCTOSIHUIO SHTOHUH, a
y Il u Il rpynm — Jrerko BeIpaskeHHOM cuMmnatukotonnd. Huskue 3nauenns YO, MOK u Beicokoe
srauenue OIICC y III rpynmel, mo cpaBaeHuto co Il rpymmoi, mpu oguHakoBeIX 3HaueHUAX YCC,
CBUJICTETILCTBYIOT O MEHBIINX aJalTUBHBIX BO3MOXKHOCTSAX CEPIACYHO-COCYIMCTOM CHUCTEMBI H
HU3KUX PE3epBax COKPATUTEIbHON (DyHKIUH MHOKapa y ucnbITyeMbIx 11 rpymmsr.

ITocne YH y I rpynnsl BeisiBieHo ymenbiienue 3HaueHuit CAJl, YO, MOK u yBenuueHue
snauenust OIICC, a y II rpynmer — ymenbmienne YCC, CAJl, MOK. TlogoOHble W3MEHEHUs
NoKa3arelsiell CHCTeMHOI reMoIMHAMUKHU OTpaxkaroTcs U B ymeHblneHHH BIIK, koTopoe yka3biBaeT
Ha YCWIICHHE MapacHMIATHYeCKUX BIHSAHUE Ha pabory cepauma. Y Il rpymmel oOHapykeHa
cTaOUIILHOCTH TIOKa3aTeel reMoanHaMuKu nociae YH. Y KOHTpONBbHOI TpyIIbl Mocie OTAbIXa, B
ormnmure ot Il rpynmel mocne YH, m3aMeHeHuit B mokasaTensiXx CHUCTEMHON TeMOJUHAMUKH He
OTMEYaoch.

CpaBHHUTeIbHBII AaHAIN3 XapaAKTEePHCTHK HCCJIeyeMbIX MPOLeccoB

B3zaumoceasu noxkazameneit, xapaxmepusylouux ceHCOMOMOPHYIO U 8€2emMamugHyio cjhepuvt
pezyrayuu

[IpoBoauscs KOPPENALMOHHBIA aHaNIW3 MeXIy OTAENbHBIMH Iokazarensmu II3MP mpu
MepBOM BBITIOJTHEHHH TecTa, BCP B cOCTOSHHM OTHOCHTENFHOTO MTOKOS i CHCTEMHOW TeMOIMHAMUKH
mipu iepeoM usMepernu YCC u AJl, To ectb 0e3 BO3IEHUCTBHS (PYHKIMOHAIBHBIX HArPY30K, ¥ TPEX
BO3PACTHBIX TPYIIIL.

Koppensmmonnsni  anamu3 mokazateneit [I3MP  mokasanm, d9ro yMeHbBIIEHHE CKOPOCTH
pearupoBaHHsl y MCCIIEIyeMbIX TPYII COYETaJoCh ¢ YMEHBUICHHEM CTaOMIIBHOCTH pearnpOBaHMs.
Takue jxe 3aKOHOMEpHbIC OTHOIICHUsS OBUTH BBISBICHBI M MEXAY CKOPOCTBIO, CTaOMIIBHOCTBIO
pearupoBaHus U HEHPOIUHAMHUYECKUMH NpOLiecCaMy. BhISBIEHHbIE KOPPENALMOHHbIE CBA3U MEXKAY
nokaszaremsiMu [I3MP yka3eiBaroT Ha 00yCIIOBICHHOCTh (P (YEKTUBHOCTH JAEATEIBHOCTH CKOPOCTHIO
00paboTKH HHPOPMAIIHH.

Koppenstuvonnsiit  ananu3z  Mexnay nokazatensiMd  BCP  BbIIBUI  [TOJIOKUTENBHBIE
KOppEISIIIMOHHBIC CBsi3u Mexay mokazarensmu SDNN u TP, VLF, LF, HF u otpunarensHbie cBsI3U
Mexny nokasarenssmu AMo, UBP, UH u TP, VLF, LF, HF, BolpaxkeHHbIe B pa3iudHOIl CTENCHU.
Haubonee HezaBucumbiMu Obutn mokaszatean Mx, LF/HF u U], koTopsie xapakTepH30BajIuCh
HAMMEHBIIMMHI 3HAYCHHSAMH KOX(P(UIMEHTOB KOppEIsIIMU C OCTalbHBIMU moKazaremsivu BCP.
OnucaHHbIe KOPPENALMOHHBIE OTHOLIEHUS MEX Iy n3ydyaeMbIMu nokaszatensimu BCP cormiacyrores ¢
pe3yibTaTaMu padot psizna aBtopoB (banp A.C. u ap., 2010; Qypuaosa H.IO. u np., 2011). Hanuuue
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CUJIBHBIX KOPPEJSIMOHHBIX OTHOIICHUH Mexay nokazatessiMu BCP no3Bosisier roBOpuTh 0 TECHBIX
(YHKIIMOHATBHBIX CBA3SIX MEKIY MEXaHHM3MaMHU PETYIAIUN PUTMa Cepllia Ha Pa3HBIX YPOBHAX
perysiiig, TO €CTh AJS IOJyYeHHs MOJHOM KAapTUHBI COCTOSHHS PETYIATOPHBIX MEXaHH3MOB
CepACYHOTO pUTMa HEOOXOAUMO KOMIIEKCHOE H OJHOBPEMEHHOE PACCMOTPEHHE BCEX MOKa3aTeseit
BCP.

KoppensnuonHslii aHanu3 mMoka3zaTeleld CHCTEMHON TeMOAMHAMHMKH Y HCCIEAYEMBIX TPy
rnokasai, yto yBenndeHue nokazarenss UCC y HUX coueTanioch ¢ yBenudeHueM mokazatenss MOK,
BIIK u ymensmenuem OIICC, a yBenmuenue BIIK — ¢ yBenndenuem nokasateneir YO, MOK u
ymenbiieHreM OIICC. IlomydeHHBIC JaHHBIC CBUJICTCIBCTBYIOT 00 ONTHMATBHOM DPEXHME
(YHKIIMOHUPOBAHUS CEPACTHO-COCYTUCTON CHCTEMBI IS TTOIICPKaHUs TOMEOCTasa.

Takum oOpazoM, KOppelTAUMOHHBIA aHamu3 mokaszareneir II3MP, BCP wu cucremHoit
TFeMOAMHAMHKH, XapaKTEPU3YIOIIUX CEHCOMOTOPHYIO U BEreTaTUBHYIO c(epbl PerysisiliiH, BBIIBHI
HaJIMYUE TECHBIX (YHKIMOHATIBHBIX CBA3€H, KOTOpBIE CBUACTEIBCTBYIOT O BHYTPHUCHCTEMHOM
COTJIACOBAaHHOCTH (DYHKIIMOHUPOBAHUS KaXKA0H CHephl perysSIid MO3TOBOH A TEIHHOCTH.

Ocobennocmu 6peMeHHON OP2AHU3AUUN PEZYTIAMOPHBIX MEXAHUZMOE CEHCOMONOPHOIL U
6ezemamugHoil chep pecynayuu

[IpoBoauics crnekTpalbHBIA aHAIM3 JUHAMUYECKOTO psja BpeMeHU pearupoBanus II3MP.
[MomydyenHsle 1O cCHenMaTbHOMY AaITOPUTMY CIEKTpAlbHbIE KOMIIOHEHTHl WHTEPBAOrPaMMBbI
BpeMeHn pearupoBanus [I3MP comocTaBmsmuck ¢ CrneKkTpalbHBIMH KomioHeHTamu BCP B
COOTBETCTBYIOIIMX JHama3oHaX. I KakJIOro CIEKTPaTbHOTO KOMIIOHEHTa pPaccMaTpUBaIoOCh
OTHOCHTENIbHOE 3HA4YEHHE B IIPOIEHTAX, BBIUMCIEHHOE OT CYMMAapHOH MOIIHOCTH BO BCEX
nuanasoHax. VcmbeITyeMble KaXIOH BO3pPAaCTHOM TPYNIBI OBUIM pasfeieHbl Ha MOATPYNHBI IO
Kputepuio d¢dekTuBHOCTH BbIMoNHeHHs Tecta I[I3MP, onpenensrommuiics 1o  BpeMeHH
pearupoBanus. B noarpynmy ¢ 3¢ GexTHBHBIM BBITOJIHEHHEM BXOAWIH T€ UCIIBITYEMBIE, Y KOTOPBIX
BpeMsl pearMpoBaHUs ObUIO MHUHUMANBHBIM, a B HOATPYNNY C HedQPEeKTHBHBIM — Hao0OpOT,
MaKCHMaJIbHBIM.

Kak BHIOHO M3 pHCYHKA 5, y HCTIBITYeMbIX BCEX TPYIII BHE 3aBUCHMOCTH OT 3] deKkTHBHOCTH
BEHIMTOJTHEHUST TecTa B 00mIeM crekTpe uHTepBaorpammbl Bpemern [I3MP mpeoGnamama noms HF
komroreHTa. OHako y ucnbITyeMsbix [ u I rpynn ¢ Hea(h(heKTHBHBIM BHITTOJIHEHHEM, TI0 CPABHEHHIO C
HCIBITYeMBIMH ¢ 3 (eKTHBHBIM BBIIONHEHNEM, 3HaueHne LF% B obmem crexrpe yBemmamock Ha 14%
y obeux rpymm, a 3HaueHre HF% ymensimnoch Ha 12% u Ha 14% cootBercTBeHHO. [l mokasarers
VLF% y uctibityembix [ u 11 rpynn B 3aBUCHMOCTH OT 3()()eKTHBHOCTY BBITTOIHEHHS TECTA BEIPXKESHHON
pasHMIBI He oTMedanock. Y wucmbityeMblx Il rpynmel ¢ sddexTrBHBIM 1 Hed)PEKTHBHBIM
BBIITIOJTHECHHUEM TECTA 3HAYHUMBIX pa3m/1qm71 B IIPOLCHTOM COOTHOIIEHHUH CIICKTPAJIbHBIX KOMIIOHCHTOB
He HaOJIoJaIoch, 9T0, MO BCEH BEPOSTHOCTH, CBA3aHO C MPEOOIagaHHeM y HHX JKECTKHX 3BEHBEB
MO3TOBOTO 00ECTIeYeHH s IICHXUIECKHX (DYHKINH, TO €CTh BBICIINX HHTETPATUBHBIX IIPOIIECCOB.

MexXrpynmoBoe CpaBHEHHE CHEKTPaIbHBIX KOMIOHeHTOB [I3MP y wmcmbITyeMbIX C
3¢ }exTHBHBIM BHIIOIHEHNEM TeCTa ITOKa3allo, 94To yiaenbHoe 3HadeHne LF kommonenTa y 11 rpymnmet
6b110 Oobie Ha 14% u Ha 16%, a ynensHoe 3HaueHne HF komnoHenTa — menblue Ha 13% u Ha 18%,
yeMm y | u II rpynn coorBercTBeHHO. [lyii VLF KOMMOHEHTa MEXIPYIIOBBIX Pa3IUuiid HE BBIBICHO.
Mexay wuccrnenqyeMbIMH TpynnaMi Npd HEd(PPEKTHBHOM BBIMOJHEHHH TECTa 3HAYHTENIBHBIX
pa3nu4uii B IOKa3aTeNsX He OTMEYaOCh.

IMpu cpaBHeHNH cnekTpanbHBIX KoMIoHeHToB BCP y nccnenyeMsIx rpymnm ¢ 3¢ QeKTHBHBIM H
Hed((QEKTHBHBIM BBINOJHEHHEM TeCcTa BBIABIEHO, dYTo y wucmeityeMelx I w Il rpymm c
Hed(QEKTHBHBIM BBINOJIHEHNEM HaOJIfofasloch yBenwdeHue 3HadeHus LF% wa 9% u ma 8% m
ymenbenune 3aauennst HF% na 10% u ma 7% cootserctBerHo. [l mokasarens VLF% y ucrisryemsix |
u Il rpynno B 3aBucHMOCTH OT 3(Q(EKTHBHOCTH BBIIOJHEHHUs TecTa pa3HULBI He OOHApYyXeHO. Y
ucrbityeMbix Il rpynnbl ¢ He3((GEKTUBHBIM BBINOJIHEHHEM TECTa IIPOUCXOAUT HEKOTOPOE
yBenuuenue 3HaueHuss VLF% u LF% (na 4%) u ymensmenne HF% (1a 8%). IlonoGHble M3MeHeHus
CMIEKTPAILHBIX KOMIIOHEHTOB Y HCIIBITYeMbIX TpeX Ipymn ¢ Hed(Q(EKTUBHbIM BBIIOJIHECHHEM TeCTa
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YKa3bIBarOT Ha Ooubliice HarpspKEHUE B PETYISITOPHBIX MEXaHU3Max CEPACHYHOr0 puTMa 1o CpaBHEHUIO C
HCIBITYEMBIMH C 3(1)(1)CI(TIIIBH]>HVI BBITIOJTHCHUEM.

| rpynma
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OOOEKTUBHOE BBIIIOJIHEHHUE
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BCP BVLF
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BCP
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BVLF

n3mp BLF
4% mHF

mVLF
BLF

P
.HF

BC

HES®PEKTHBHOE BbIIIOJIHEHUE

lVIF_F BCP

L
4% mnr

BVLF

n3MP =

Puc. 5. IIpouenTHoe COOTHOLIIEHHE
CHEKTPaTbHBIX KOMITOHEHTOB
HHTEPBAJIOTPaMMbl  BPEMEHH PearHpOBaHUS

TI3MP u xapamomnrepBanorpammsl BCP 'y
uccienyeMbplx Tpynn ¢ 3(QQeKkTUBHBIM U

Hed (D (HeKTHBHBIM BBITIOJTHEHHEM TecTa.
0O603nauenus: VLF — odeHb HHU3KOYACTOTHBIN
KOMIIOHEHT, LF — HHM3KOYaCTOTHBIA
KOMIIOHEHT, HF — BBICOKOYACTOTHBIM
KOMITOHEHT.

MexXrpynmoBoe cpaBHEHHE CIIEKTPATGHBIX KOMIOHeHTOB BCP mokasaino, 9To y HCTIBITYeMBIX
III rpynmer kak ¢ 3¢ QeKTHBHBIM, Tak U He3()(HEKTUBHEIM BEHINOIHEHHEM TecTa 3HadeHue VLF%
npebimano takosoe y I u II rpymm, a 3nadenne HF% Obito menbime. Jlmst mokasarens LF%
CYILECTBEHHBIX MEKIPYHIOBBIX PA3INYNA HE BBISBIICHO.

IIpu cpaBHeHun cnekTpanbHbelXx kommoHeHToB II3MP u BCP y wuccinenyemsix rpymni
00HapYKEHO, YTO BHE 3aBUCUMOCTH OT 3((EeKTHBHOCTH BBINOJIHEHHUS TECTA y BCEX TPYIII B 00IIEM
crekTpe wHTepBatorpamMmsl BpeMeHH II3MP mpeo6magan HF kommoneHT, a B 0o0mem crekTpe
kapauonHTtepBanorpaMmmel BCP — LF xommonent. To ecTb, MOXKHO cKa3aTh, YTO MPU ONTHMAITEHOM
®C B ceHCOMOTOPHOH cdepe peryisyu NpeodsagaoT BOJIHBI BBICOKOH YacTOTHI C HEPHOIOM
konebanmii 2,5-7 cex (OBICTpBIC BOJHEI), a B BETCTAaTUBHOU cdepe PEeryisiiuu — BOJHBI HHU3KOI
YaCTOTHI C EPHOIOM KoJiebaHuii 7-25 cex (MeJICHHbIC BOJIHBI).

Wrax, BbIABICHB U3MEHEHHUS B COOTHOLICHUH CIIEKTPAIbHBIX KOMIIOHEHTOB B CIIEKTPOrpaMMax
kak [I13MP, tak u BCP B 3aBucumoctH OT Bo3pacta U 3((EKTHBHOCTH BBIIOJIHEHHUS TecTa. Pazmuuns
HaOIIOAAINCH U MEXK]Y BPEMEHHOH OpraHu3aluei Kaxaoi cepbl peryssiiiy BHE 3aBUCHMOCTH OT
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BO3pacTa UCHBITYEMBbIX H 3()()EKTUBHOCTH BBHIIOJIHEHHS. TO €cTh, HECMOTpPS Ha TO, YTO PAa3IMIHBIC
cepsl perysinuy B3anMoo0yCIIOBIEHBI U ISHCTBYIOT KaK €IHHOE 1IeI0€, COBMECTHAsI ICSITENIbHOCTh
KOTOPBIX 00€CTIeUnBaeT OCYIECTBICHHE TOX MIIM MHON (YHKLHUH BCETO OPTaHU3Ma U MOAJEPKAHHE
ontuManbHoro MC, ofHaKO MeXaHU3MbI (DYHKIIMOHAIBHOTO OOECIEUEHHs AESITENbHOCTH KakKmoil
cdepsl peryssuu pa3inyaloTCs.

Takum oOpa3oMm, wH3ydeHHE BpPEMEHHON OpraHM3allMH pETySITOPHBIX MEXaHH3MOB C
MIPUMEHEHHEM CIEKTPAIBHOTO aHAM3a MHTEPBAJIOTPaMM SBIISIETCS JOCTATOYHO HH(OPMATHBHBIM
MetogoM oneHkn obmero @®C Mo3ra M MOXKET HPUMEHATHCS B HCCIECHOBAHHH HE TOJBKO
BETreTaTHBHOM Cepbl peryssiiuy, HO 1 CCHCOMOTOPHOM.

BbIBO/IbI

1. VYcraHoBineHO, 4TO ¢ yBeaM4YeHHEM Bo3pacTa mpoucxonaT m3meHeHus OC IIHC: cHmkenue
CKOPOCTH CEHCOMOTOPHOTO pEarupoBaHHs W YPOBHS HEHpPONMHAMHMYECKUX IPOLECCOB C
COXpaHCHHEM CTaOWJIBHOCTH pEarnpoBaHHMs W YCTAHOBICHHEM paBHOBECHS HEPBHBIX
HPOLIECCOB.

2. BBbIIBICHO yBelMUYEHUE CKOPOCTH M CTaOWIIBHOCTH pearupoBanus y uctsityeMsix | u Il rpymm u
UX HEM3MEHHOCTb y HcnbiTyeMbIX |l rpynmer mocie jumrensHo# ymcTBeHHOH Harpysku. [1pu
3TOM Y BCEX BO3PACTHBIX I'PYII OTMEYEHO CHIKCHHME TOYHOCTH BhINOJIHEHHUS Tecta II3MP u
YCHJICHHE PH3HAKOB YTOMJICHHS.

3. OOHapyeHbl BO3PACTHBIC PA3JINYMs B COCTOSHUH PETYIATOPHBIX CHCTEM CEpJICYHOTO PUTMA.
VY ucneiryemsix | u |l rpynn Habmoaan0ch ONTHMATEHOE COCTOSIHUE PETYISTOPHBIX CHCTEM, a

y cTapuieid BO3pacTHOW TPYHNBI — HMX HAaNpsOHKCHUE, NPOSIBISIONICECS CTaOHIU3aImeit
CEpJICYHOTO PUTMA W TMpPeoOIaaHueM ICHTPATBHBIX MEXAaHU3MOB B PETYIAIMH CEPACUHOU
JIeSITEILHOCTH.

4. Tloka3aHBI TPH THIIA PETYILSILINH CEPACUHOI NeSTeIbHOCTH Y BO3PACTHBIX IPYII B 3aBUCUMOCTH
OT XapakTepa M JUIMTEIbHOCTH (pyHKIMOHAIBHON Harpys3ku. IlepBblid T ¢ mpeoOianaHueM
CHMIIATHYECKOH aKTHBHOCTH OTMEHalcs y BCeX TPYNN NpH (QYyHKIHOHAIFHOH Harpyske
CEHCOMOTOPHOTO XapakTepa. BTopoii Tum ¢ mpeobiagaHieM mapacuMIIaTHYECKOH aKTHBHOCTH
— y ucneityeMbix | u |l rpynm mocne anmrensHONW yMCTBEHHOW Harpy3ku. Tperwit Twm,
MIPOSIBIIIONIAACS CTaOMIBHOCTBIO PEAaKIUH CEPACYHOTO pUTMa, — y cTapuieldl BO3pacTHOM
IpyIBI IOCIIE JUINTEIbHOW YMCTBEHHON HAarpy3KHu.

5. BBbIsABICHBI BO3PACTHBIE PA3IMYMs B TOKA3ATENSAX CHCTEMHOM T'eéMOTMHAMUKH. Y HCHBITYyeMBIX |
TPYIIBI OOHAPYKEH HOPMOTOHUYECKUH THUIT peryisiuu paboThl cepua, a y ucnsityeMsix |l n
Ill rpynn — runepkuHETHUECKH TUN peryisuuu paboTel cepaua. Mcmeityemble crapuieit
BO3pDacTHOM TpPYNIBl XapaKTePH30BATUCh MEHBIIMMH aQJalTUBHBIMH ~ BO3MOXXHOCTSIMH
Cep/IeIHO-COCYANCTON CHCTEMEL.

6. Iloka3aHBI BO3pacTHBIEC PA3NINIHS ICHXOIMOIMOHAIBHOTO COCTOSHHS, IIPOSBIIOMHecs B Ooee
BBICOKOM YpPOBHE TPEBOXKHOCTH, JETPECCHN M AaCTeHHH Yy CTapIield BO3PAacTHOM TIpPyIIIEL
HauGonee OnaronpusaTHOE IICMXOIMOLMOHAIBHOE COCTOSHHE OTMEYEHO Y HCmbITyeMbix |l
IPYIIIEL.

7. BblsiBneHbl TecHble (YHKIMOHANBbHBIE CBSI3M NPH KOPPETALHMOHHOM aHAIU3e IoKa3aTesel
[13MP, BCP u cucteMHON reMOJMHAMHUKH, KOTOPbIE CBHJIETENbCTBYIOT O BHYTPUCHUCTEMHOM
COTJIACOBAaHHOCTHU (DYHKITHOHUPOBAHMS KaXK0H cepbl pery/sImui MO3rOBOIl e TeNbHOCTH.

8. VYcranoBieHa MH(GOPMATUBHOCTb METOJAa U3YYEHHS] BPEMEHHOI OpraHM3aluy CCHCOMOTOPHOI
coepsl perymamun B oreHke Tekymero @C mosra. BrisiiaeHs! pazamums BO BpEeMEHHOI
OpTaHM3aINH CEHCOMOTOPHOM M BETETaTUBHON chep peryIsiun.
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Tumanyan Anush

STUDY OF THE FUNCTIONAL STATE OF BRAIN WITH ESTIMATION OF THE
SENSOMOTOR AND VEGETATIVE SPHERES OF REGULATION

SUMMARY

In this work a complex study of the functional state of brain in conditions of mental load in
people of different age groups was carried out, by using methods that allowed to implement
simultaneous study of sensorimotor and vegetative spheres of regulation.

Durig the psychoemotional state study a higher level of anxiety, depression and asthenia in the
subjects of older age group was revealed, which is, most probably, conditioned by a number of
factors, including the storage of negative life events, a certain decrease of life quality and rapidly
emerging signs of fatigue.

The study of the psychophysiological state of the subjects by using "Reflexometry" test showed
that with ageing the response speed and the level of neurodynamic processes decrease and the
balance of nervous processes with a certain concomitant decrease in the force excitation and an
increase in processes of inhibition is established. There were no age differences for the stability of
the sensorimotor response.

After mental load (duration 60 minutes) an increase in the rate and stability of the response was
observed in the subjects of groups | and Il, that can be associated both with habituation factor and
so-called "Speed-accuracy tradeoff " phenomenon, when under fatigue after prolonged mental load,
the reaction time reduces and in the number of errors simultaneously increases. The subjects of the
older age group showed a constant speed and stability of response. That is, we can say that in studied
groups some adaptive response to mental load is formed, which is expressed by the mobilization of
the functional reserves and also by increase in the physiological "price” of activity, which is
manifested in a decrease in the accuracy of the task performance and an increase in the index of
indications of fatigue in the majority of subjects.

For the purpose of assessing the state of regulatory systems of cardiac activity, a mathematical
analysis of heart rate variability (HRV) was performed, the results of which indicated the
stabilization of the heart rhythm, the dominance of central mechanisms of regulation of cardiac
activity over the autonomic in subjects of the older age group.

In study groups three types of regulation of heart rhythm depending on the nature and duration of
the functional load were shown: 1) during the performance of sensorimotor functional load (simple
visual-motor reaction (SVMR) test) a certain tension in regulatory systems of cardiac activity was
observed in all groups, which was expressed by intensification of sympathetic activity; 2) after
prolonged mental load as a result of fatigue, prevalence of parasympathetic activity in regulatory
systems of cardiac activity was revealed in the subjects of groups | and IlI; 3) after a prolonged
mental load, the stability of the heart rhythm was observed in the subjects of the older age group,
which is the result of lack of enough functional reserves and low adaptive capacity.

The study of the parameters of systemic hemodynamics revealed the normotonic type of
regulation of heart work in the subjects of group | and hyperkinetic type — in the subjects of groups Il
and I1l. The revealed age-related changes in hemodynamic parameters in the subjects of the older
age group indicate the relatively low adaptive possibilities of the cardiovascular system, wich is,
most probably, caused by certain changes in cardiac activity, also by decrease in the radius of the
vessels and by increase in the viscosity of the blood, which manifests itself with an increase in age.

To reveal the functional relationships of studied processes, a correlation analysis between the
parameters of SVMR, HRV and systemic hemodynamics was performed. The revealed correlations
between the parameters of SVMR indicate the conditionality of the efficiency of activity by the speed of
information processing. The revealed strong correlation ratios between HRV parameters indicates the
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presence of close functional relations between the mechanisms of regulation of the heart rhythm on different
levels of regulation. During analysis of the studied HRV parameters the necessity of a complex and
simultaneous consideration of all HRV parameters was revealed to obtain a complete picture of the state of
the regulatory mechanisms of the heart rhythm. The results of study of correlational relationships between
the parameters of systemic hemodynamics in the groups indicate an optimal regime of functioning of the
cardiovascular system for maintaining homeostasis. The presence of close connections of different
directions between the parameters of SVMR, HRV and systemic hemodynamics indicate the intra-system
concordance of the functioning of each sphere of regulation of brain activity.

The study of the temporal organization of the sensorimotor and vegetative spheres of regulation
revealed the differences in the ratio of the spectral components in the spectrograms of both SVMR and
HRV depending on the age, as well as on the effectiveness of the activity. The revealed differences in the
temporal organization of regulatory systems of studied processes, regardless of the age of the subjects and
the effectiveness of activity, indicate the presence of different mechanisms of functional support of the
activity of each spheres of regulation. Thus, the temporal organization of regulatory systems, that is, their
oscillatory dynamics, reflects the current functional state of the brain full enough.
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