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qACTOTHbIH AHAJIU3 3JIEKTPUqEcKOH 

AKTUBHOCTU MUKPOOPrAHU3MOB* 

I H. [pe1.£eHKO, A. B. )Kez.a;uw, A. H. XapumoHOB 

r eHe3 3JI€KTpo:mu;ecpaJiorpaMMbl (33r) OCTaeTC.H O,ll;HHM 113 aKTY

aJibHbIX BOilpOCOB 3JI€KTpOcpH3HOJIOrHH. l1CCJI€,ll;0BaHH5I IlOKa3bl

BaIOT, qTQ HaH60Jiee cy~eCTB€HHb1H BKJiap; B reHepau;HIO OCHOBHbIX 

pHTMOB 33f BHOCHT CTPYKTYPbI, HepBHbie KJI€TKH KOTOpbIX HM€I0T 

Bb1pa)K€HHYI0 OCIJ;HJIJI5ITOPHYI0 aKTHBHOCTb. HOBbie HCCJI€,ll;0BaHH5I, 

Bb1Il0JIH€HHbI€ npH IlOMO~H perHCTpau;1-rn 33f, Il03HTpOHH0-3MHCCH

OHHOH TOMorpacpHH, MarHHTOpe30HaHCHOH TOMOrpacpHH, Il03BOJI5IIOT 

npe,a;nOJIO)KHTb, qTQ Be,a;y~yIO pOJib B reHe3e OCHOBHbIX pHTMOB M03-

ra HrpaIOT HeHpOHbI-reHepaTOpbI, a 33f OTpa)KaeT CHHXp0HH3Hp0-

BaHHYI0 3JI€KTpHqecKyI0 aKTHBHOCTb 60JibIIIOH nonyJIHIJ;HH HeHpO

HOB. B KaqecTBe O,ll;HOro H3 B03M0)KHb1X HCTQqHHKOB B03HHKHOB€HH5I 

3JieKTpHqeCKHX pHTMOB M03ra paccMaTpHBaeTC5I neHCMeKepHaJI aKTHB

HOCTb KJI€TOK (,ll;aHHJIOBa, 2006; Ba§ar, 2008). YCTaHOBJ1€HO, qTQ pe

THKYJI5IpHa5I cpopMaQHH, M03)KeqoK, rHililOKaMn, cynpaxHa3MeHHOe 

51,ll;pO, OJIHBbl co,a;ep)KaT HepBHbie KJI€TKH, pHTMHqecKHe pa3p5I,ll;bl KO

TOpbIX 3ap;aIOTC.H oco6bIM BHYTPHKJieToqHbIM MexaHH3MOM (3H,ll;OreH

HOH OCHOBOH pHTMHqHQCTH). I1MeHHO 3TOT BH,ll; aKTHBHOCTH HeHpOHOB 

HMeeT B CBOeH OCHOBe BHyTpeHHHe npoQeCCbl, KOTOpbie 3anycKaIOTC.H 

3KCnpeccHeH onpe,a;eJieHHbIX reHOB (CoKOJIOB, 1975; Leznik, Llinas, 

2005). CJie,ll;OBaTeJibHO, ,ll;JIH B03HHKHOB€HH5I pHTMHqecKOH aKTHBHOC

TH M03ra Heo6xo,a;HMbl reHepaTOpbl, HMeIO~He neHCMeKepHbIH Me

xaHH3M, a ,ll;JIH CHHXpOHH3au;HH OCQHJIJI5IQHH Heo6XO,ll;HMbl CHHailTH

qecKHe KOHTaKTbl. ,ll;JIH npoBepKH 3Toro IlOJIO)K€HH5I Mbl BbIIlOJIHHJIH 

OilblTbl Ha O,ll;HOKJieToqHbIX 3yKapHOTax H npoKapHOTax, qTo HCKJIIO

qaeT yqacTHe CHHancoB H 60JibIIIOro KOJIHqecTBa OCIJ;HJIJIHPYIO~HX 

KJI€TOK. 

* I1ccJie,11oaam1e BbIIIOJittetto rrpn rro,11,11ep)i<Ke PfH<l>, rrpoeKTbI WNQ ll-06-
00917a, 13-06-00624 1112-06-00952a, n P<1><1>I1, rrpoeKT NQB-06-00634. 
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MeTOtJ; 

OnhIThI BhIIIOJIHeHhI Ha HHq>Y3opm1x Paramecia caudatum, I..J;HaH06aK
Tepm1x Oscillatoria terebriformis, ,n;pO)l{)l{ax Saccharomyces cerevisiae. 
IlpHMemrnc.11 MeTO,ll; perHCTpau;HH 3JieKTpHqecKOH aKTHBHOCTH IIpH IIO
MOII..J;H CTeKJI.R:HHbIX MHKp03JieKTpO,ll;OB (M3). ,l(JI.R: pa60Tbl C I..J;HaHo-
6aKTepH.R:MH Oscillatoria terebriformis npHMeH.R:JIH q>H3pacTBop cJie
,n;y10II..J;ero cocTaBa: (B rpaMMax Ha JIHTp): NaHC03 - 3, Na2C03 - 17, 
K2HP04 - 0,5, NaCl- 30, KN03 -2,5, MgS04 - 0,2, CaC12 -0,04, FeS04 -

0,01. 3JieKTpO,ll;bl 3aIIOJIH.R:JIH 1 M paCTBOpOM KCl. B OIIbITax Ha ,n;pmK)l{aX 
Saccharomyces cerevisiae HCIIOJih30BaJiacb KYJihTypa «,n;HKHX» ,n;pO)l{)l{eH, 
IIOMeII..J;eHHhIX B BO,ll;HYIO cpe,n;y TeMnepaTypoH 22-25°C. PerHCTpaI..J;H.11 
3JieKTpHqecKOH aKTHBHOCTH npOH3BO,ll;HJiaCb M3, 3aIIOJIHeHHbIMH 1 M 
KCl. 3JieKTpHqecKa.R: aKTHBHOCTb CB06o,n;HO nJiaBaIOII..J;HX MHKpoopra
HH3MOB perHCTpHpOBaJiaCb B KaMepe o6'heMOM 0,35 MJI, co,n;ep)l{aBJIIeH 
cneu;HaJibHhIH q>H3HOJiorHqecKHH pacTBop (KCl - 4 mM, CaCl - 1 mM, 
MgC12 - 5 mM, tris HCl - 1 mM; pH pacTBopa - 7,2). ,l(JI.11 perncTpau;HH 
npHMeH.R:JIH CTeKJI.R:HHbie M.HKp03JieKTpO,ll;bl, 3aIIOJIHeHHbie 0,1 M KCl. 
,l(JI.HTeJihHOCTh per.HCTpau;.11.11 3JieKTp.HqecKOH aKT.HBHOCTH M.HKpoop
raHH3MOB OT 20 C ,n;o 5 M.HH. 3JieKTp.HqecKa.R: aKT.HBHOCTb .HHcpy3opHH 
Paramecia caudatum, u;.11atto6aKTepHH Oscillatoria terebriformis H ,n;po)l(
)l{eH Saccharomyces cerevisiae no,n;BepraJiach cneKTpaJibHo-qacToTHOMY 
attaJIH3Y no ct>yphe, a ,n;JI.11 attaJIH3a pacnpe,n;eJieHHH qacToT BO BpeMeH.H 
HCIIOJib30BaJIC.R: BeHBJieT-aHaJI.H3. 

Pe3yJILTaThI 

IIeikMeKepbI npoKapHoT. [(.11atto6aKTep.H.11 Oscillatoria terebriformis -
npe,n;cTaBHTeJib O,ll;HOKJieToqHhIX q>OTOCHHTe3.HpyIOII..J;.HX npoKap.HOT, 
3BOJIIOI..J;.HOHHhIH B03pacT KOTOpbIX 3,5 MJip,n; JieT. Otta MO)l{eT aKKJI.H-

6 

PHC. 1. 3JieKTpHqecKaH aKTHBHOCTb u;HaHo6aKTepHaJibHOH IIJieHKH, 3aperH

CTpHpoBaHHaH qepe3 3 MHH (a) H qepe3 7 MHH IIOCJie BBe,11eHHH MHKp0-

3JieKTpo,11a. KaJIH6pOBKa: 1,2 c (a), 450 MC (6) 
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MaTH3HpoBaTbCR K w11poK0My pR,n;y H3MetteHHH oKpy:>I<aro~ett cpe,n;hI, 

,n;eMOHCTpHpyR y,n;HBHTeJibHYIO a,n;anTHBHOCTb IlOBe,n;eHHR. vfayqeHHe 

IlOBe,n;eHHR I.J;HaHo6aKTepHH IlOKa3aJIO, 'ITO OHH ,D;OCTHralOT BbICOKoro 

ypoBHR np11cnoca6JIHBaeMOCTH 6Jiaro,n;apR «COI.J;HaJibHblM» OTHOWeHH

RM B HX coo6~eCTBax, a 3JieKTpOq>H3HOJIOr11qecKHe OilbITbl Il03BOJIHJIH 

o6Hapy:>I<HTb CJIO)KHbie HHq>OpMaI.J;HOHHbie npOI.J;eCCbl, q>yHKD;HOHaJibHOe 

3Ha'leHHe KOTOpbIX, CKOpee BCero, 3aKJIIO'laeTCR B ycTaHOBJieHHH B3a

HMO,D;eHCTBHR Me)l(Ay qJieHaMH coo6~eCTBa. PerHCTpaI.J;HR 3JieKTp11qec

KOH aKTHBHOCTH BHYTPHKJieToqHbIM MHKp03JieKTpo,n;OM OT O,D;HHO'IHOH 

I.J;HaHo6aKTepHH IlOKa3aJia reHepaI.J;HIO BbICOKOaMilJIHTY,D;HbIX OCI.J;HJI

JIRI.l;HH MeM6paHHOro IlOTeHI.J;HaJia (OKOJIO 30-35 MB). OCI.J;HJIJIRI.l;HH 

B03HHKalOT npHMepHO O,D;HH pa3 3a 2,5-3 C. B Te'leHHe Bcero BpeMeHH 

Ha6Jiro,n;eHHR na CKOpOCTb pa3BHTHR He H3MeHRJiaCb H OCTaBaJiaCb no

CTORHHOH. ,ll;JIR perHCTpaI.J;HH cyMMapHOH 3JieKTpHqeCKOH aKTHBHOCTH 

MHKp03JieKTpo,n; BBO,D;HJIH B TOJI~Y I.J;HaHo6aKTepHaJibHOH nJieHKH. 3TO 

Il03BOJIHJIO perHCTpHpOBaTb OCI.J;HJIJIRI.J;HH qacTOTOH OT 0,1 ,n;o 30 fl.I; (pH

cyHOK la; fpeqeHKO 11 ,n;p., 2012). 

,ll;p0>10KH. TieKapcKHe ,n;pO)K)KH Saccharomyces certvisiae - o,n;HOKJie

TO'IHbie ayKapHOTbl, rpH6bI. Pa3Mepb1 ,n;pO)K)KeBbIX KJieTOK o6bI'1HO co

CTaBJIRIOT 3-7 MKM B ,n;HaMeTpe. Y ,n;pO)K)KeH MO)KHO BbI,D;eJIHTb BbICO

KOqacTOTHblH KOMilOHeHT ,n;o 28 fl.I; H HH3KoqacTOTHbie KOMilOHeHTbl 

OKOJIO 0,1 fl.I; (c~eCTByIDT pHTMH'!eCKHe I<OMIIOHeHTbl c qaCTOTOH 1/qac). 

B pR,n;e CJiyqaeB reHepao;HR BbICOKoqacTOTHbIX KOJie6aHHH pa3BHBaeTCR 

ynopR,D;O'leHHO, rpynnbI CJie,n;yroT c qacTOTOH 0,8-0,9 fl.I;. OCI.J;HJIJIRI.l;HH, 

3aperHCTpHpOBaHHbie BHYTPHKJieTO'IHbIM MHKp03JI€KTpO,n;OM OT HH,D;HBH

,n;yaJibHOH ,n;pO)K)KeBott KJieTKH, qpe3BbI'1attHo pa3Hoo6pa3HbI KaK no aM

nJIHTy,n;e, TaK H no q>OpMe H BpeMeHHOH opraHH3aD;HH. TiaTTepHbl aK

THBHOCTH IlOBTOpRIOTCR C onpe,n;eJieHHOH qacTOTOH - y Ka)K,n;oro BH,n;a 

aKTHBHOCTH CBOR rrepHO,ll;H'IHOCTb. Ha 3JieKTpHqecKHe npoI.J;eCCbl ,n;po)K

)KeBbIX KJieTOK BJIHRIOT TaKHe q>aKTOpbl BHeWHeH cpe,ll;bl KaK TeMnepa

Typa, COCTaB )KH,ll;KOCTHOH cpe,D;bl B 3KCnepHMeHTaJibHOH KaMepe H ,D;JIH0 

TeJibHOCTb HaXO)K,D;eHHR B paCTBOpe onpe,n;eJieHHOro COCTaBa. TioKa3aHO, 

'ITO BeJIHqHHa 3apR,n;a KJieTI<H MeHReTCR B 3aBHCHMOCTH OT ll;HKJia aKTHB

HOCTH, ocy~eCTBJIReMoro KOJIOHHeH ,n;po)K)KeH KaI< e,n;HHbIM opraHH3MOM. 

IleikMeKepbI napaMen;Hii (Paramecium sp.). MHKp03JieKTpo,n;Hhie 

perHCTpaI.J;HH, npe,11;npHHRTble ,D;JIR HCCJie,n;oBaHHR 3JieKTpHqecKHX npo

I.J;eCCOB, npOHCXO,ll;R~HX B e,n;HHCTBeHHOH KJieTKe 3THX )KHBbIX cy~eCTB, 

Il03BOJIHJIH o6ttapy)KHTb B3aHMO,D;eHCTBHe HeCKOJibKHX 3H,n;oreHHbIX 

OCI.l;HJIJIRTOpOB. cf>yHKD;HR K a )K,n;oro 113 OCI.l;HJIJIRTOpOB, IlO-BH,D;HMOMY, 

CBR3aHa C onpe,n;eJieHHbIM IlOBe,l);eHqecKHM npORBJieHHeM, KOTopoe co-

3,z:i;aeTCR ,11;eHCTBHeM rpynnbI peCHH'leK napaMeI.J;HH. qaCTOTa 3aperHCT

p11poBaHHblX 3JI€KTpHqecKHX KOJie6aHHH OT 0 ,1/c ,11;0 50/ c- 55/c, aMilJIH-
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6 

B 

Puc. 2. 3JJeKTpuqecKaH aKTJ1BHOCTb, 3aperHCTpHp0BaHHaH BHYTPHKJJeTOqHblM 

3JJeKTPOtlOM OT rrapaMeD;HH, qepe3 1 MHH (a), 3 MHH (6) J1 7 MHH (B) IIOCJJe 

BBet1eHHH. KaJJH6pOBKa: 200 MC (a, 6), so MC (B) 

Ty,ll.a OT 2-3 MB ,ll.O 30 MB. lfacTOTa H CKOpOCTb pa3BHTHJI 3THX npon;eccoB 

BeCbMa pa3H006pa3Ha. KaK npaBHJIO, B aKTHBHOCTH napaMeQHH npe,ll.

CTaBJieHO HeCKOJibKO BH,ll.OB 3JieKTpH<IeCKHX npon;eCCOB, cyin;eCTBYIO· 

In;HX q>aKTH<IeCKH O,ll.HOBpeMeHHO (pHCYHOK 2). 3TH npon;eCCbl cyin;ecT

BYIOT He3aBHCHMO O,ll.HH OT ,ll.pyroro. lIT06bI Y3HaTb, KaKHM MO)KeT 6hITb 

3JieKTpOq>H3HOJIOrH<IeCKHH pe3yJibTaT B3aHMO,ll.eHCTBHJI OCQHJIJIJITOpOB, 

B OnhITax qepe3 BTOpOH MHKp03JieKTpO,ll. npHMeHHJIH 3JieKTpH<IeCKHe 

BHYTPHKJieTO"<IHbie HMnyJihCbl ,l).enOJI51pH3aQHOHHOrO TOKa. CHJia TOKa -

OT 0,05 HA,ll.O 1,5 HA, ,ll.JIHTeJihHOCTb HMnyJihCOB - OT 3 ,ll.O 5 c. ,Zl;eHCTBHe 

,n;enOJI51pH3an;HOHHOro TOKa CHHXp0HH3Hp0BaJio pa6oTy 3H,n;oreHHbIX 

0CU:HJIJIJIT0p0B 11 npHBO,ll.HJIO K reHepau:1111 noTeHn;HaJIOB ,n;eHCTBHJI (TI,Zl;) 

pa3HOH aMnJI11Ty,n;h1. 

cf>parMeHTbl 3an11c11 3JieKTpH<IeCKOH aKTHBHOCTH napaMeQHH 

Paramecia caudatum, n;11aH06aKTep110: Oscillatoria terebriformis 11 ,n;po)K

)KeH Saccharomyces cerevisiae npo,n;OJI)KHTeJihHOCThIO 21 c no,n;BepraJIHCh 

cneKTpaJihHOMY aHaJI113y B cpe,n;e CTaTHCTH<IeCKOH o6pa6oTKH R 3.0 (R 
Development Core Team, 2011). CneKTpaJihHhIH aHaJIH3 BhIIIOJIHJIJICJI 

,ll.JIJI HCXO,ll.HOH 3an11c11 nyTeM nocTpoeHHJI nep110,n;or paMMbl C HCnOJib-

30BaHHeM 6hlCTporo npeo6pa30BaHHJ1 cf>yphe (Shumway, Stoffer, 2011). 
Ha rpaq>11Kax no oc11 a6cn;11cc - qacTOTa, no ocH op,n;11HaT - cneKTpaJih

HaJI IIJIOTHOCTh (spectral density; pwc. 3). 
,Zl;JIJI rrapaMen;11:0 nHKH qacTOT JIOKaJIH30BaHbl B o6JiaCTH 6-8 ru:, 

26-30 ru:, 40-42 ru:, ,n;JIR n;11aH06aKTep110: - B 06JiacT11 5-6 ru:, 26-30 
ru:, a ,n;JIR ,n;po)K)Ke:0 - 6-8 ru:, 16-18 ru:, 28-30 ru:. 
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Puc. 3. Pe3yJihTaThI crreKTpaJihHOro attaJIH3a 3JieKTp11'IeCKOH aKTHBHOCTH rra
paMeD;HH (a), u;Hatto6aKTepHH (6) H ,11pm101<eii (B) 

06cy:>K,n;eHHe 

Pe3yJihTaTbI OilbITOB Ha O,l];HOKJieToqHbIX 3yKapHOTax H MHOrOKJieToqHbIX 

npoKapHOTaX IlOKa3bIBalOT, qTo OC:QHJIJI.HTOpbI cyI.QeCTBYlOT y caMbIX 

,n;peBHHX q>opM )KH3HH, ,l];JI.H CHHXpOHH3HpOBaHHbIX 3JieKTpHqecKHX oc

IJ;HJIJI.HIJ;HH HaJI11q11e CHHancoB He SIBJI.HeTC.H Heo6xo,n;HMbIM, «,n;peBHHe» 

pHTMbI no qacTOTe TO)K,l];eCTBeHHbl COBpeMeHHbIM, o6Hapy)KeHHbIM y Ta

KHX CJIO)KHblX 6110Jior11qecKHX CHCTeM, KaK M03r qeJIOBeKa. <l>aKTHqecKH, 
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6b1.1IH noJiy'leHhI ,n;aHHbie, ,n;eMOHCTpHpyIOm;He HaJIH'IHe «aJibq>a-pHTMa» 

11 «6eTa-pHTMa» y Haurnx MHKpo6oB. 

3KcnepHMeHTbl, BbIIlOJIHeHHbie Ha )KHBbIX cym;eCTBax pa3Horo TaK

COHOMH'leCKoro IlOJIO)KeHHR H 3B0.1IlOI.J;HOHHOro B03pacTa, IlO,Zl;TBep)K,n;a

lOT npe,n;noJIO)KeHHe O TOM, 'ITO Cq>OpMHpOBa.lICR KJiacc KJieTOK, HMelOlIIHX 

neifcMeKepHbIH MexaHH3M, no3BO.IIRIOlIIHH HM pery.lIHpoBaTb q>yHKI.J;HO

HaJihHhie COCTORHHR, 6bITb reHepaTopaMH pHTMOB M03ra, yqacTBOBaTb 

B RBJieHHRX naMRTH, ynpaBJIRTb ,Zl;BH)KeHHRMH (COKOJIOB, 1975). B HaWHX 

OilbITaX IlOKa3aHO, 'ITO Bbipa)KeHHOCTb qacTOT pHTMH'leCKOH aKTHBHOCTH 

CBR3aHa C pa3H006pa3HeM OCI.J;HJIJIRTOpOB y ,n;aHHbIX MHKpoopraHH3MOB -

BHYTPHKJieTO'IHaR perHCTpau;HR 3JieKTpH'leCKOH aKTHBHOCTH y napaMe

I.J;HH, ,n;pO)K)KeH H u;11aH06aKTep11if noKa3aJia pa3JIH'IHR B npe,n;cTaBJieH

HOCTH OCI.J;HJIJIRTOpHbIX npou;eccoB y 3THX )KHBbIX cym;ecTB, 'ITO HaWJIO 

CBOe OTpa)KeHHe B pe3yJibTaTax <l>ypbe-aHaJIH3a (pHCYHOK 3). YcJIO)KHe

HHe CTPYKTYPhI H opraHH3aI.J;HH HepBHOH cHcTeMbI H ee npe,n;wecTBeH

HHKa YCHJIHJIO pOJib neHCMeKepoB B )KH3HH opraHH3MOB. 

PHTMH'IHOCTh pa3pR,n;oB HeifpoHoB HeKOTOpbIX M03rOBhIX CTPYKTYP 

(TaJiaMyca, rHilOTaJiaMyca H T.,n;.) MHOrHe HCCJie,n;oBaTeJIH CB513bIBaIOT 

C IlOCTYilJieHHeM K KJieTKaM nepHO,Zl;Hl.leCKHX CHHailTH'leCKHX IlOTeHu;Ha

JIOB - B 3TOM 3aKJIIO'laeTCR H,ZJ;eR O ceTeBOH OCHOBe OCI.J;H.IIJIRI.J;HH. B npoBe

,n;eHHbIX HaMH OIIbITax IIOCTYIIJieHHe CHHaIITH'leCKHX CHrHaJIOB IIOJIHOC

TblO HCKJIIO'leHO KaK Ha O,Zl;HOKJieTO'IHbIX 3YKapHOTax, TaK H (no npH'IHHe 

OTCYTCTBHR CHHaIICOB) y MHOfOKJieTO'IHbIX npoKapHOT. 3TO II03BOJIReT 

npe,n;noJIO)KHTb HaJIH'IHe ,n;pyroro CHHXpOHH3HPYIOlllero HCTO'IHHKa. 

HaKOilJieHHbie K HaCTORllleMy BpeMeHH ,n;aHHble IIOKa3bIBaIOT, 'ITO 

MHOrHe 6HopHTMbl CHHXpOHH3HpyIOTCR reJIHoreoq>H3H'leCKHMH KOJie-

6aTeJibHbIMH npou;eccaMH (Epeyc 11 ,n;p., 1995). B qacTHOCTH, o6Hapy

)KeHO CXO,Zl;CTBO npeo6Jia,n;aIOlIIHX qacTOT 33f M03ra qeJIOBeKa H HH3KO

qacTOTHbIX nyJibCaI.J;HH reoMarHHTHOro IlOJIR. CorJiaCHO TeopeTH'leCKHM 

H 3KCIIepHMeHTaJibHbIM ,n;aHHbIM, B CHCTeMe 3eMJIR - HOHOC<pepa npH

cyTCTBYIOT pe30HaHCHhie qacTOTbl, paBHbie 6-8, 14, 20, 26 H 32 ru;. llly

MaHOBCKHe BOJIHbl c OCHOBHOH qacTOTOH 7,8 ru;, HMeIOm;He 24-qacoByIO 

rapMOHHKY, BJIHRIOT Ha I.J;HpKa,n;HaHHbIH pHTM opraHH3Ma. B 3TH qacTO

Tbl BXO,Zl;RT H OCHOBHble pHTMbl 3JieKTp03HI.J;eq>aJiorpaMMbl, B TOM 'IHCJie 

aJibq>a-pHTM. OoJiy'leHHbie pe3yJibTaTbl IIOKa3bIBaIOT B3aHMOCB513b aJib

<j:>a-pHTMOB H wyMaHOBCKHX qaCTOT. AJihq:>a-pHTM H ,n;pyrHe pHTMbl OT

pa)KalOT CJIO)KHbie IlCHXOq:>H3HOJIOfH'leCKHe npou;ecCbl, npOHCXO,ZJ;RlIIHe 

B M03re. I1MeIOm;HeCR 3KCnepHMeHTaJibHbie ,n;aHHble CBH,ZJ;eTeJibCTBYIOT 

B IIOJib3Y Toro, 'ITO xapaKTep aJibq:>a-pHTMa RBJIReTCR BpO)K,ZJ;eHHblM H, 

BepORTHO, HaCJie,n;cTBeHHbIM (Gallinat et al., 2004). KopHH 3TOro H ,n;py

rHX OCHOBHbIX pHTMOB M03ra - B rny6HHax 3apO)K,ZJ;eHHR )KH3HH. 3H,ZJ;O

reHHaR pHTMHKa, c<j:>opMHpOBaBWaRCR no,n; BJIHRHHeM I.J;HKJIH'leCKHX 
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npoQeCCOB OKpy)KalO~eH cpe,D;bl, Ha,D;e)KHO 11 a,n;eKBaTHO «Bill1CbIBaeT» 
CJIO)KHbie Cl1CTeMbl B 6bICTpO MeHRIO~YIOCH o6CTaHOBKy. B 3KCnep11MeH
TaX HaKOilJieH o6umpHblH 3KCrrep11MeHTaJibHbIH MaTep11aJI, ,n;eMOHCTp11-
py10~11H MHororpaHHOCTb npORBJieHl1R neHCMeKepa B caMbIX pa3HbIX 
cpyHKQ11RX )Kl1BOro cy~eCTBa 11 Ha pa3Jil1'-IHbIX 3Tanax ero )Kl13Hl1 - OT 3a
pO)K,D;eHl1R ,n;o CMepT11. AlrnJil13 '-laCTOTHOro COCTaBa 3aperHCTpHpOBaH
HOH 3JieKTpH'-1eCKOH aKTHBHOCTH IlOKa3aJI, '-ITO Ha1160Jiee H3BeCTHbie 
pHTMbl, 11,n;eHTH<pl1QHpOBaHHbie B 33f qeJIOBeKa, y)Ke npe,n;CTaBJieHbl 
Ha paHHl1X 3Tanax pa3BHTHR )KI13HH. 
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