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Llenp HacTOsILIE pabOTHI 3aK/II0YATIACh B OMUCAHUN MPUMUTUBHBIX IBUKEHU BUO-
p¥ICC HOBOPOXXIEHHBIX KPhIC (4—7 eHb ToCiie POXKIeHUST) TMHUM BucTtap B cOCTOSTHUSX
CHa U OOAPCTBOBAHMS, a TAaKXKE B MCCJACHOBAHUM KOPPEISILIUM MEXIY ABUKECHUSIMU
BUOpUCC M ABVKEHUSIMH Tejla KUBOTHOTO. JIBUKEHUST BUOPUCC PETUCTPUPOBAIUCH C
TMOMOIIBIO BBICOKOCKOPOCTHOM BUAEOPETrUCTpalliu, a TOBEACHYECKUE COCTOSTHUS XK1 -
BOTHOTO OTIPENEJISUTUCH C TIOMOIIBIO PETUCTPALINY JIEKTPOMUOTPADUIECKON aKTUB-
HOCTH IIEHBIX MBIIII] 1 OTHOBPEMEHHOM PEervCTpaiiy IBVKEHU KOHEUYHOCTEM K1~
BOTHOTIO C MOMOILBIO Mbe303JIEMEHTOB. BbUI0 0OHAapYKEeHO, YTO BO BPeMsI aKTUBHOI'O
CHa MPEeUMYIIECTBEHHO HAOIIONAI0TCSI KpaTKOBPEMEHHBIE ABWKEHUST BUOPHCC, 1 3HA-
YUTEJIbHAS YaCTh 3TUX IBMKEHUI BO3HUKAET OMHOBPEMEHHO C KPAaTKOBPEMEHHBIMU
BCIIBIIIKAMK aKTUBHOCTH B IIEWHBIX MBIIIIAX M KPATKOBPEMEHHBIMU MUOKJIOHMYE-
CKUMM TTOAEPTMBAHUSIMU Tejla XUBOTHOTO. Bo BpeMst mepuonoB 60IpCTBOBaHUS Ha-
GII00ATNCh TIPEUMYIIIECTBEHHO KOMIUIEKCHBIE JUIMTEIbHbIE IBUKEHUSI BUOpUCC, KO-
TOPBIE COTTPOBOXIATVCH JUTUTETLHBIM MOBBIIIEHHBIM TOHYCOM IIEHHBIX MBIIIIIT ¥ KOM-
IUIEKCHBIMU ABUKEHUSIMM TeJla M KoHeyHocTeil. O0a Tuma IBMKEHUI BUOpHCC
TMIPOUCXOIWJIN TIPEMMYIIIECTBEHHO B POCTPAJIbHOM U KaydaJlbHOM HAIIpaBJIICHUSIX, a
aMITUIATYIa ABMXKEHHUI BO BpeMsI 60IpCTBOBAHMS JIMIITb HEHAMHOTO IIPEBOCXOIMIIA aM-
IUIMTYAY OBVKEHUI BUOpKCC BO BpeMst cHA. [loydeHHbIe JaHHBIE CBUAETEILCTBYIOT O
TOM, YTO BPEMEHHAST OpraHU3alusl JBUTATEIbHON aKTUBHOCTH BUOPUCC HOBOPOXIICH-
HBIX KPBIC 3HAYUTEILHO OTJIMYACTCS B COCTOSIHUSIX CHA M OOAPCTBOBAHMUSI, Y UTO ABU-
JKEeHUST BUOPHCC B 000MX TTOBEIEHYECKNX COCTOSTHUSIX C BBICOKOM CTETIEHBIO KOPPEJIH-
PYIOT ¢ OBMXKEHMSIMU TeJia XMBOTHOro. [IpedmosaraeTcsi, 4YTo TeHepaJln30BaHHbBIC
MPUMUTHUBHbBIC TBUKEHUsI BUOPUCC U TeJla Y HOBOPOXKIEHHBIX KPHIC O0YCIOBIIEHBI aK-
TUBHOCTBIO €IMHOTO IIEHTPAJIBHOTO MaTTepH-TeHepaTopa Kak B COCTOSTHUM aKTUBHOTO
CHAa, TaK U B COCTOSIHUU OOIPCTBOBAHMS.

Kniouesovie crosa: OHTOTEHE3, NBUKEHUE HOBOPOXISCHHOTO, BUOpUCca, (hU3HOOTHYE-
CcKasi MUOKJIOHMSI, TeHEpaJIM30BaHHOE NBMXKEHUE, DJIEKTPOMUOTpadUst
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BubGpucchl — JUIMHHBIE XXECTKHUE BOJIOCHI, pacIiojiaraolimecst Ha MOpPIOYKe XKUBOTHOTO —
SIBJISTIOTCSL Y TPBI3YHOB (HarIpuMep, Y KPbIC 1 MBIIIIEi), a TAaKKe Y psiga APYTUX MIIEKOTTUTaI0-
WX CIENaT3NPOBAHHBIM OPTaHOM YYBCTB. B OTJIM4ME OT OOBIYHBIX BOJIOCKOB IIIEPCTH 1
TTOMIIIIePCTKA, KOTOPble B OCHOBHOM BBITIOJHSIIOT TETUIOM3O0JIUPYIONTYI0 (hyHKIIMIO, BUO-
pHCCHI TPHI3YHOB MpeaHa3HauYeHbl IS aKTUBHOTO TaKTUJILHOTO MCCIEIOBAHWSI BHEITHUX
00BbeKkTOB. BUOpHCCH CBOMM OCHOBaHMEM IOTPYKE€HBI B MOAKOXHBIN (DOJTUKYN, K KOTO-
poMy noaxonuT okoJio 200 HEPBHBIX OKOHYAHUII TPUTEMUHAIBHOTO HEPBa, a TOJOXEHUE
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camoro (oJUIMKYJIa, YyToJl €ro HaKJIOHA U, COOTBETCTBEHHO, TIOJIOXKEHNE CAMOU BUOPUCCHI B
MPOCTPAHCTBE KOHTPOJIMPYIOTCS MBILIEYHBIMU TPYIIaMU MPOTPAKTOPOB U PETPAKTOPOB
[1—3]. I1pu uccaenoBaHUM BHEITHUX OOBEKTOB BUOPUCCHI OCYIIECTBIISIOT TIeTIe00pa3Hble
JIBUKEHMS C YacToToi okoJio 10 'l mpenMyIlieCTBEHHO B POCTPO-KaylaJTbHOM HallpaBJie-
HUM (TaK Ha3bIBaeMbIi “BUCKUHI”), a TAKTWJIbHAS MH(GOpMAaLVs, moaydacMasi B pe3yJibTaTe
9TUX ABVKEHU, TIPOBOAMTCS TTO BOCXOSIIIUM ITyTSIM B COMaTOCEHCOPHYIO KOPY TOJIOBHOTO
MO3ra JUISI aHaJIi3a pacIiojioXeHUs U TEKCTYphI uccienyemMoro oobekra [4, 5]. IlpencraBu-
TEJIbCTBOM KaXI0i N3 BUOPHUCC B CIIELIMATTM3MPOBAHHOM YYacTKEe COMaTOCEHCOPHOI KOpHI,
MU3BECTHOI KaK OOYOHKOBasl KOpa, SIBIsIETCS] KOPTUKaIbHasi O0OUOHKOBAsl KOJIOHKA, TIPeI-
CTaBJISIOIIAsi CO0OI BBICOKOYMOPSIIOYEHHYIO HEMPOHATBHYIO CETb, COCTOSIIIYIO Y KpbIC
npuMepHO 13 10 ThIcs4 HeIMPOHOB [6]. O BAXKHOCTU CUCTEMBI BUOPUCC CBUACTEIBCTBYET HE-
MPOITOPLIMOHATIBHO OOJIBIIOI pa3Mep MpeaCcTaBUTENIbCTBA BUOPHUCC HA COMATOTOTMYECKOI
KapTe COMaTOCEHCOPHOM KOPHI KPbIC — TaK Ha3bIBA€MOM “‘paTyHKYIyce” — CpaBHMMBIN C
KOPKOBBIM ITPeACTaBUTEIbCTBOM PYK Ha aHAJIOTUYHOM “TOMYHKYJIyce” y UyeJloBeKa.

dopmupoBaHUe CHCTEMBI BUOPHCC W COOTBETCTBYIOIINX KapT B HEPBHON cHUcTeMe
KPbIC MTPOMCXOAUT B SMOPUOHAJILHOM U paHHEM IMOCTHaTaJibHOM mnepuoae [7—9]. [lpu
5TOM pa3BUTHUE BTOU YMOPSIOUYEHHON CUCTEMBI OOYCIOBIEHO KaK MOJIEKYJISIDHBIMU, Ie-
HETUYECKU MpeaonpeacIeHHbIMI MEXaHU3MaMu, TaK U aKTUBHOCTbhIO. biiarogapst cBoeit
OTHOCHUTEJIbHOM MPOCTOTE OpTraHU3alluM, a TakKe yI0OCTBY MaHUMYJSIIMI Ha ypOBHE
CEeHCOpHOIi mepudepnu, cucrtemMa BUOPHUCC CTajia OMHOUM M3 OCHOBHBIX MoOJeJieit 1151 OH-
TOTEHETUUYECKUX UccaeqoBaHuii. Tak, ObUIO MOKa3aHO, YTO CeHCOopHas MHbopMalus,
MOCTYyIMalolas oT BUOPHCC, UTPAET BaXKHYIO POJib B HOPMUPOBAHUU COMATOCEHCOPHBIX
KapT KOPHI TOJIOBHOT'O MO3Ta BO BpeMsI TaK Ha3bIBaEMOI'0 “KPUTHUYECKOIO Ileproaa” pa3-
BUTUS — TIEPBOI Henesn nociie poxaeHus xkuBotHoro [10—13]. IIpenbiayiye uccieno-
BaHMsI TaKXKe MOKAa3aJIv, UTO aKTHUBALIMsI CEHCOPHOIO BXOJIa OT BUOPUCC Y HOBOPOXIICH-
HBIX KPBIC TPOMCXOIUT HE TOJILKO B pe3yJibTaTe MAaCCUBHOM CTUMYJISILIUM BUOpUcc (Ha-
MPUMEpP, CO CTOPOHBI MaTepU M IPYTMX KPBICIT B THE37e), HO U Ojaromapsi oOpaTHOM
CEHCOPHOI CBSI3U, KOTOpasli akTUBUPYETCSl BO BpeMsl IBUKEHUIT BUOPHCC CaMOTO KpbI-
ceHka [14]. Takxxe ObLIO OOHApPYXEHO, YTO, HECMOTPS Ha TO, YTO aKTUBHBII BUCKUHT C
XapaKTepPHBIMU BBICOKOYACTOTHBIMU YMOPSIOUYEHHBIMU IBUXXEHUSIMU BUOpUCC HAOII0-
JaeTCs Wb HAYWHAS ¢ KOHIIA BTOPOIi Helleau rmocie poxaeHus [15—17], aiss HoBopoxX-
JIEHHOTO XMBOTHOTO XapaKTEPHBI Ipyrue, 6ojiee MpUMUTHUBHBIE (POPMBI IBUTATEIBHOMN aK-
TUBHOCTH BUOpHcc. DTH paHHUE (POPMEBI IBIDKEHUI BUOPUCC BKIIIOUAIOT B ce0sI KPaTKO-
BPEMEHHbIE ABMKEHUSI MUOKJIOHMYECKOTO TUMA (HeOOJIbIIIasi YaCTh U3 KOTOPBIX MOXET ObITh
KJaccuuIMpoBaHa Kak “TBUTYM” — U30JMPOBaHHbIEC OAEPIUBAHMSI OMHOM BUOPUCCHI, a
NpyTasi 4acTh KaK KOJIJIEKTUBHBIE ITOJIepTUBaHUsI BUOPUCC), a TaKXkKe OoJiee CIoXKHbIE U 60-
Jiee JUINTeJIbHbIe KOMITJIEKCHBIC JBMXKEHUS, YTO B COBOKYITHOCTU CXOXE C OpraHu3alueit
MPUMHUTUBHBIX IBVXKEHUH TeJla 1 KOHEYHOCTel HoBopoxkeHHoro [ 14, 18, 19]. beino Takke
IMOKa3aHO, YTO KPaTKOBPEMEHHbIE ABWKEHUSI BUOPUCC BOZHUKAIOT B OCHOBHOM BO BpeMsI
a3zl aKTUBHOTO CHA, W YTO 3TU ABUXKEHUS aCCOLIMUPOBAHBI C KPATKOBPEMEHHBIM TTOBbI-
IIEeHUEeM aKTUBHOCTHU IIEHHBIX MBIIIII [ 18]. OgHaKo 10 CHX IOP OCTaeTCsl MaJOU3y4eHHOM
KOMIUIEKCHAsl OpraHU3alvs MPUMUTUBHBIX ABUXKEHUI BUOPUCC B KOHTEKCTE MTOBEIECHYE-
CKMX COCTOSTHUIT HOBOPOXXIIEHHBIX KPBIC, 4 TAKXKE UX CBSI3b C IBUTATEJIbHOI aKTUBHOCTBIO
Tejla U KOHEYHOCTEeI XXMBOTHOTO. B CBSI3M C 3THMM 11eIbl0 HACTOsIIEN pabOTHI SIBJISITIOCH
KOMIUIEKCHOE OMMCaHue TIPUMUTUBHBIX (hOpM ABVKEHUIT BUOPHCC HOBOPOKIEHHBIX KPBIC
B COCTOSIHUSIX CHA M OOJIPCTBOBAHMSI, a TAKXKE MCCIIEOBAHNE CBSI3M MEXIY ABIDKEHUSIMU
BUOpPHUCC Y IPUMUTUBHBIMU IBVMKEHUSIMU T€JIa XXMBOTHOTO.

METOAbI UCCIIEJOBAHUA

HccnenoBaHre mpoBOAMIOCH B COOTBETCTBUU € MpUHIIMIIaMU basenbckoil nekinapa-
LIMY 1 peKOMEHAALUIMU OM03THYeCKOro komurera KazaHCKOro rocy1apcTBEHHOTIO Me-
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NUUMHCKOTO YHUBepcuTeTa (mpoTokoa N9-2013). DkcrnepuMeHThl TPOBOIWIMCH Ha HO-
BOPOXIEHHBIX Kpblcax JMHUM Buctap Bo3pacra P4—7 gHeit mocne poxaernus (PO coor-
BETCTBYET JHIO poxiaeHMs ). OOIasi cxema SKCIIEpUMEHTa IpefcTaBieHa Ha puc. 1A4.
[TonroroBka K 3KCIIeprUMEHTaM B YCIOBUSIX (DUKCAITUU TOJIOBBI JKUBOTHOTO TTPOBOIMIIACH
aHaAJIOTMYHO OIMCAaHHEIM paHee MeTomaM |14, 20]. Bubpucchl TOACTpUTANIMCH OO0 ITAHBI
1 MM 1 OKpalllMBaJIMCh C TOMOIIIBIO YEPHOI T'yallli, Ha TOBEPXHOCTh KOXU PSIIOM C BUO-
puccaMyi HAHOCUJIUCh METKU IJISI TMOCJEAYIOUIEro pasliesieHUusl NBUXXEHU BUOpUCC U
cMmeleHuit Koxu (puc. 15). Perucrpauus IBUXKEHU BUOPpUCC MPOBOAMIIACH C YACTOTOM
100 KampoB B CEKYHIy C TIOMOIIbIO BBICOKOCKOPOCTHOI Bumeokamepsl (Promon 501,
AOS Technologies, CIIIA) u makpooobektnBa TEC-M55 (Computar, CIIIA). dBuxe-
HUS KOHEYHOCTEW DPErucTpUpOBAJIUCh C TIOMOIIBIO TMHE303JEKTPUYECKUX TATIYNKOB
KPEG165 (Kingstate, TaiiBanb). Daekrpomuorpadpuyeckass (DMI) aKTUBHOCTh IIEHHBIX
MBI PETMCTPUPOBAJIACH C TIOMOUIBIO CTAIbHBIX UTOJBYATHIX JIEKTPOHAOB C TOJIIMHOMN
KOHYuMKa He 6ojiee 50 MKkM. Perucrpanusi 1BUraTeIbHONH aKTUBHOCTU MPOBOAWJIACH HE
MeHee 15 MMH TSl KaXKIoro XWBOTHOTO. CUTHAJIBI, TTOJIyYeHHBIE OT IbEe303JICKTpUYe-
CKMX JaTYMKOB U1 DMI, ycunusanuch n ouuGpoBBIBAIUCH C YACTOTON AUCKPETU3ALIUU
32 xI'u ¢ ucrnonp3oBaHmeM cucteMbl coopa maHHBIX Digital Lynx SX (Neuralynx, CILIA).
TpexkuHr nBuMxXeHuil BUOpUCC MPOBOAUIICS C TOMOIIBIO TPOrPpaMMHOIO OOecTieueHuUst
ProAnalyst (Xcitex, CILIA). I1o pe3ynbTrataM TpeKMHTIa IBUKEHUS BUOPUCC TIPEICTaBIISI-
JIUCh B BUJIE BEKTOPU30BAHHOI MEXaHOTPAMMBI, IJIsl KOTOPOii IIpOBOAUIACH Z-OlIeHKa, U
IO TIpeBBIIeHUIO Mopora z = 0 OCyIIeCTBIISITIaCh NETEKIMST NBVXKEHUA. AHATOTUYHBIM
00pa3oM omnpeAessINCh MEePUOIbl MOBBIIIIEHHOW aKTUBHOCTU HAa DMI™ 1 MexaHorpamme
koHeyHocTH. [lepronbl OMHOBpEMEHHO MOBBIIIIEHHON aKTUBHOCTM HA DMI 1 mexaHo-
rpaMMe KOHEYHOCTH OOl1leil IJTUTeTbHOCThI0 Oosiee 1 ¢ CUMTaIUCh COCTOsSIHUEM OOp-
CTBOBaHUSI, OCTaJIbHBIE ITEPUOBI ObLIM OTHECEHBI K COCTOSIHIIO cHa. OOpaboTKa 3KCIIe-
PUMEHTATbHBIX JAHHBIX U CTATUCTUYECKUIA aHaI13 (PAHTOBbIN TECT YMIIKOKCOHA) MPOBOIM-
JIUCH B TIporpaMMHoii cpene Matlab (MathWorks, CIIIA). JlaHHbIE B TEKCTe MPEICTaBICHBI B
BUJIE CPEIHETO 3HAYEHMSI CO CTAaHIapTHOM OIITMOKOI.

PE3VJIIBTATBI MCCIIEAOBAHUA 1 UX OBCYXIEHUE

Buneoperucrpaiiys ABUXEHU BUOPUCC Y HOBOPOXKIEHHBIX KPBIC BbISIBUJIA JOBOJBHO
IUPOKUI pernepTyap ABUTATEIbHBIX MATTEPHOB, KOTOPbIE Pa3IMYIUCh MO CBOEH M-
TEJIbHOCTH, a TaKXKe IO HaIlpaBJICHUIO U aMIUIUTYAe ABMXeHUi BuOpucc. Ha puc. 1B
MPUBEACHBI TPUMEPHl JBYX Haubojee 4YacTO BCTPEUAIOLIMXCS TUIOB IBUXKEHUIA:
(1) XpaTKOBpeMEHHBIX MUOKJIIOHUYECKUX ABMKEHUM, BO BpeMsT KOTOPBIX BUOpUCCA CMe-
1ajach Ha HEOOJIBIIIOE BpeMsI B OJJHOM HarpaBJIeHUH, a 3aTeM ObICTPO BO3Bpallaiach B
MOJI0XKEeHMe MOKosI, 1 (2) 6ojee IIUTeIbHBIX KOMIUIEKCHBIX IBMKEHUI, BO BpeMs KOTO-
DPBIX BUOPUCCHI COBEPIIATIMN IIUTEIbHBIE TBVXKEHUS MO CI0XKHON U MHOTIA MOBTOPSIIO-
1Ieiicsl TpaeKTOpUU. AHAIU3 IBUTATEIbHONM aKTMBHOCTU BUOPUCC, KOTOPBIN BKIIIOYAT B
cebs orpenesieHUe BpeMeH Hadajia Y JUTMTEJIbHOCTU CMEIeHUsI BUOpUCC, a TakKe aM-
TUTUTYIBI Y HATIPABJICHUS 3TUX CMEIEHUN UTST KaskKA0TO U3 NBUKEHUIT BUGPHUCC, TIPOBO-
TIAJICS] OTAEBHO JIJII COCTOSTHUI cHa M 60apcTBOoBaHMsA. COCTOSTHHE SKUBOTHOTO OTIpeie-
JISJIOCh Ha OCHOBaHMM KOMILUIEKCHOIO aHajin3a ajieKTpoMuorpadpudeckoii (OMI') ak-
TUBHOCTM IIEMHBIX MBI W ABWXKEHUSI KOHe4YHocTeir (puc. 2). 3a OGomapcTBOBaHUE
MPUHUMAJINUCh 3MU30/Ibl ITUTEIBHOCTBIO 00jiee 1 C, cOmpoBOXAAIOIIUeCs] MOBBIIIEHUEM
OMI aKTMBHOCTU HIEHHBIX MBIIIIL U JBUTATEIbHON aKTUBHOCTU KOHEUHOCTEM, ompese-
JICHHBbIC Ha OCHOBE METOAOB, IPeII0KEeHHBIX B padoTe [21]. 3a meproabl CHA MpUHUMA-
JINCh 3TMM30bl ATOHUU IEWHBIX MBI, HA (DOHE KOTOPBIX BOZHUKAIN KPaTKOBPEMEH-
Hble (MeHee 1 ¢) BcobllIKd DMI-aKTMBHOCTU ILEHMHBIX MBI M KPaTKOBPEMEHHBIE
MMOKJIOHWYECKHE MONepruBaHusl KOHeuYHocTeil. Ha ocHoBaHUM TpyIMoBOro aHaiu3a
OBbLIO BBISIBJICHO, YTO OOJIBIIYIO YaCTh BPEMEHU HOBOPOXIEHHBIEC KPBICHI IPOBOAUIN B
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A JIBMKEHUST
BUOpUICC

JBUKeHMSsT
MBIIIILL KOHEYHOCTEeM

KpaTKOBpeMeHHOG JABU2KCHUEC

0 mc

KommiekcHoe nBu:kKeHue
0 Mc 360 mc 710 mc 1010 mc 1550 mc ' 1940 mc

Puc. 1. Tunel 1BM>XKeHUIT BUOPHCC HOBOPOXKAEHHBIX KPBIC.

A — Cxema dKCIEepUMEHTa M0 OJHOBPEMEHHOM PErucTpalyu IBMXKEHU BUOpUCC, 3JIeKTpoMUorpaduieckoi
(OMI') akTUBHOCTH MIEHHBIX MBIIIII U IBUXKEHUH KOHEYHOCTH.

B — ®otorpadusi mpaBoii CTOPOHBI MOPIOYKHU KPBICHI C OKpallleHHbIMU KOHUYMKaMK BuOpucc. KBaapaTtom Bbi-
nejieHa 001acTh BOKPYT BUOprcchl D1, mpyuMepbl IBMKEHUI KOTOPO MpecTaBieHbl Ha B.

B — TIpumMepbl KpaTKOBPEMEHHOTO Y KOMIUIEKCHOTO ABMXKeHUM BuOpucchl D1. 17151 Kakaoro Tvia IBUKEHU I
MpeaCTaBIeHbl 6 KAIPOB C yKa3aHUEM BPEMEHU OTHOCUTEIBHO MIEPBOTO Kaapa, KOTOPbI MIUTIOCTPUPYET MOJI0-
JKEHME MOKOsI HEIMOCPEICTBEHHO Tepe]] HayajoM IBUXeHUsl. MIcxoaHoe MmosioxkeHre TOKOsi BUOpUCChl 0003Ha-
4yeHO 6eJioii OKPYXKHOCThIO. BesibiM 3HaukoMm X Ha 4-M Kaape BHU3Y 0003HaueHa cocenHsisi Bubpucca D2.

COCTOSTHUYM aKTMBHOTO CHa, KaXAbIi U3 BMU30[I0B KOTOPOTo B cpeaHeM iuics 33.3 =
+ 3.0 c. DOu30abI CHA IepeMeXaInch IIepruoIaMu OOIpCTBOBAHMS, UISIIIIAMUCS B CPEI-
HeMm 3.9 + 0.3 ¢, uTO B 11€7I0M corJiacyeTcs ¢ TpeobjiafaHreM aKTUBHOTO CHA U CpaBHU-
TEJIbHO KPaTKO# IJINTEIbHOCTHIO 3MM3010B KaK CHa, TaK M 00IPCTBOBAHUS Y HOBOPOXKICH-
HBIX XUBOTHBIX [21]. [Ipumep omHOBpeMeHHOI perucTpaluu IBKeHUsT BUOpuccel D1,
OMI meiHbIX MBIIII ¥ IBVXKEHUH 3aIHel KOHEeYHOCTH TIpuBeneH Ha puc. 2. Kak crnemyer
W3 MMPYBEACHHOTO TIPUMEPA, SMU30IblI OOMIPCTBOBAHMS COMPOBOXKIATUCH KAaK UTUTETbHbI-
MU KOMITJIEKCHBIMU JBVXKEHUSIMU BUOPHMCCHI, TaK W TOBBIIIEHHBIM TOHYCOM IIEMHBIX
MBIIIIILL ¥ IBVKEHUSIMU KOHEYHOCTel. B cBolo ouepens, IBMKEHUsI BUOPUCC BO BpeMsI CHa
VMeJY MPEeUMYIIECTBEHHO HEOOJbIIYIO IIUTEIbHOCTh M YaCTO BO3HUKAIU B accoliua-
IIUU C KPAaTKOBPEMEHHBIMU BCIbIIIKAaMU DMI-aKTUBHOCTM IIEMHBIX MBIIIL U MUOKJIO-
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Puc. 2. JIBrkeHUsI BUOGPHCC HOBOPOKACHHOMN KPBICHI BO BpeMsl CHa U O0OAPCTBOBAHUSI.

A — TIpumep MexaHorpaMMbl BuOpucchl D1 Kpbichl Bo3pacta P6 Bo BpeMsl 3MM30[0B CHAa U OOIPCTBOBAHUSI,
oMnpeaeaeHHbIX Ha OCHOBE DMI-aKTUBHOCTH ILIEAHBIX MBIIIIL] 1 MEXaHOIPAMMBI 3aHeil KOHeuHOCTH. [Ipssmo-
YroJIbHUKaM¥ HaJl MéXaHOTpaMMaMU BUOPUCCHI U KOHEYHOCTH, a Takxke Hag DMI" 0603HaueHbl COOTBETCTBYIO-
1€ 3aIeTeKTUPOBaHHbIe COObITHsI. Ha MexaHOTrpaMMe BUGPUCCHI TyHKTUPHOM JTMHKEH MOKa3aH MOPOTr 1eTeK-
LIMU ABV>KEHUIA.

B — ®parMeHThI 3anucy (BbLIEICHBI TPSIMOYTOJIbHUKAMU Ha A) BO BpeMsI COCTOSIHMIT GOAPCTBOBAHMUS U CHA Ha
pa3BepHYTOIl BpEMEHHOM 1LIKaJe.

HUYECKMMM IIOIePTUBAaHUSIMUA KOHeUYHocTeil. JanpHedInmmii KOIWJeCTBEeHHBI aHalIm3
IBIDKCHUM BUOPHICC B COCTOSTHMSIX CHA M OOIPCTBOBAHUSI IIPOBOOMIICS OTHOCUTEIBHO Ha-
Yajia BCIblieK DMI-akKTUBHOCTHY MIEMHBIX MBI, KOTOPEIE PETUCTPUPOBAJINCH BO Bpe-
Ms 3TUX cocTossHuii. Ha rpadukax, mpencraBlieHHBIX HA pUC. 34, IpUBeIeHBI IIPUMEPHI
BpPEMEHHBIX COOTHOIIIEHNI ABVKEHU BUOPUCC OTHOCUTEILHO Hadaja BCIbIieK DOMI -
aKTMBHOCTH IIEHHBIX MBIIIL, BO BpeMsI CHA U 0OApCTBOBaHUS. BUXXeHUs BUOPHCC Ha-
omonanmrch Ha (oHe Gonbiieit yactu (81 * 3%) KpaTKoBpeMeHHBIX DMI-BCHbIlieK
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Puc. 3. [IBuxeHust BUOPUCC U KOHEUHOCTEH OTHOCUTEILHO BCIbIleK DMT -aKTUBHOCTH LIEHHBIX MBILLL Y HO-
BOPOXAEHHBIX KPBIC BO BPEMSI CHa M GOAPCTBOBAHUSI.

A — [duarpaMma ABMXEHUI BHOpPUCCHI (YepHbIE MPSIMOYTOJbHUKU) OTHOCHUTEIBHO CJIy4aillHO BbIOpAHHBIX
30 DMT-BcnblleK EHHBIX MBILIL BO BPeMsSI CHa U OOAPCTBOBaHMUs Y HOBOPOX/IEHHOM KPBICHI Bo3pacTa P6.
Bpewms 0 ¢ cooTBeTcTBYeT Hauasry DMI -Bermibliiek.

b, B— MexaHorpaMmbl BUbpucc (b) 1 KoHeuHocTel (B), ycpeTHeHHbIe OTHOCUTEIbHO Havyaia DM I -Bcrbliiek
BO BpeMsl CHa M OOIpPCTBOBaHMSI (UEPHBIM I[BETOM OOO3HAUEHO CpeiHee 3HAUeHUE, CepbIM — CTaHIapTHast
omnbKa; n = 5 KkpbIc Bo3pacTa P4—7). Ha BctaBkax B LileHTpe Mexay b 1 B B Bue NMPSIMOYTOJbHUKOB yKa3aHbl
CpeHUE 3HAYEHUSs JUIMTEJIbHOCTU U COOTBETCTBYIOLIME CTAaHAAPTHbIE OTKJIOHEHUs DMI-BCrbllleK, Havana
KOTOPBIX UCTIOIB30BAIMCH ISl yCPETHEHUsI MeXaHOTpaMM BHOPHCC M KOHEYHOCTE# BO BpeMsl CHa U 601pCTBO-
BaHMsI; BBILLIE CIIPaBa TakXe yKaszaHbl CpelHHME BPeMEHa Hayaja M OKOHYAHHUs 3TMU30I0B OOIPCTBOBAHUS
(fcraHmapTHBIE OTKJIOHEHMST) OTHOCUTEIbHO Havana DM -Bcrbliiex.

IIEIHBIX MBIIIIL] B COCTOSIHUM cHa (1 = 5 KpbIc). CienyeT, 0AHAKO, OTMETUTh, YTO BO Bpe-
M cHa 51 + 2% ABUXeHW BUOPUCC BO3HUKAIM CIIOHTAHHO, Ha (pOHE OTCYTCTBUST Hal-
nmoporoBoit DMI-aKTMBHOCTH IEHHBIX MBI (2 = 5 KpbIC). B cocTositHuM 60apcTBOBA-
HUS OBVXKEHUS] BUOPUCC BO3HUKAIM IIPAKTUYECKU BO Bcex (99 + 1%) smmsomax 60ap-
CTBOBaHUSI, BCE U3 KOTOPBIX, MO OINPEIEEHUIO, COMPOBOXIAIUCH IIUTEIbHBIMU
BcObIKaMyu DMI-aKTUBHOCTM IIEMHBIX MBI (# = 5 KpbIc). B pe3ynabraTte, Koppensi-
LUs IBUMXXKEHUI BUOpHcc ¢ DMI-aKTUBHOCTBIO LIEHHBIX MBI HaOd0ganach Kak BO
BpeMsl CHa, TakK U BO BpeMsl bonpcrBoBaHus (puc. 35). JIBUKeHNSI KOHEUHOCTEM TakxKe
KOPpPEIUPOBaI CO BCHBIIIKAMUA aKTUBHOCTHU IIEHHBIX MBI B 000UX MOBEIEHYECKUX
cocTtossHUSX (puc. 3B). AHanu3 BpeMEeHHBIX COOTHOIIIEHU MeXIy HadajlaMH BCITBIIIECK
OMI-aKTMBHOCTU HIEMHBIX MBIIIL U IBUKEHUSIMUA BUOPUCC U KOHEUHOCTE BO Bpems
CHa BBISIBUJI, UTO 3aEPKKU MEXAY HayaJloM ABUXEHUI KOHEUHOCTU U BUOPUCCHI IOCe
Havasia Benblku DMI coctasisiiiu cootBeTcTBeHHO 4 = 3 mc 1 10 = 5 Mc (7 = 5 KpbIC).

Hanee ObUT TPOBEIEH aHAIM3 aMIUIMTYTHO-BPEMEHHBIX CBOMCTB, a TaKXKe HaIlpaBICHUIA
NBVKEHMIT BUOpPUCC BO BpeMsl cHa U 6onpcTBoBaHMs (puc. 4). Kak ciemyet u3 KymyJsi-
TUBHBIX TUCTOTPAMM, JUIMTEIbHOCTb NBMXKEHU I BUOPHCC BO BpeMsl O0IpCTBOBAHMS ObLIa
CYILIECTBEHHO OOJIbIlle, YeM BO BpeMs cHa (puc. 44). CTaTUCTUYECKUI aHAINU3 BBISIBUI,
YTO ABVIKEHMST BUOPUCC BO BpeMsI TIEpUOIOB OOIPCTBOBAHMS UMEIOT IUTMTEIBHOCTD 6.9 £ 0.5 ¢
(n = 140 nBuXXeHUIi), YTO 3HAYUTEJIHLHO MpPEeBbIIIAeT JIUTEIbHOCTh IBUXKEHUIT BUOpHICC
Bo Bpems cHa (1.8 = 0.1 ¢; n = 862 nBuxenust; n = 5 kproic; p < 0.001; puc. 44). Takke,
KakK cjeayeT M3 KyMYJISITUBHBIX TMCTOTPaMM, aMIUIUTYIa IBUXXEHUII BUOPUCC BO BpeMsi
06oapCTBOBAaHUS OBLIA CYILIECTBEHHO OOJIbIIE, YeM BO BpeMs cHa (puc. 45), u cratuctude-
CKMI aHaIW3 BBISIBWJI, YTO aMIUIUTyAa OBUXEHUS BUOPUCC BO BpeMmsl MepuomaoB Oop-
CTBOBaHMS UMea aMIutyny 14.6 £+ 0.7° (MakCUMaIbHBIM YTOJI OTKJIOHEHUSI BUOPHUCCHI OT
MOJIOXKEHMSI TOKOosI, n = 140 ABUXKEHUIA; # = 5 KPBIC), YTO MPEBBIIIAIO 3HAYSHUST aMILIATYL
IBVDKEHUI BUOpHCC BO Bpemst cHa (7.3 £ 0.2°; n = 862 nBukenus; n = 5 kpeoic; p < 0.001;
puc. 4b). AnmpoKcumaiiysi KpyroBbIx TUCTOIpaMM HallpaBJieHWi OTKJIOHEHU BUOpUCC
¢ TIOMOIIIbIO pacripenesieHuit ['aycca 1mo3Boamia BeISIBUTH ClIeIylole Hauboiee BeposiT-
Hble HATIpaBJICHUS OTKJIOHEeHUit: 5 & 4°, 155 £ 7°, 285 &+ 6° B cocTOsSTHUM OOAPCTBOBAHUS U
5 £ 5°, 145 £ 3° B COCTOSIHUM CHA, YTO COOTBETCTBYET MPEUMYIIECTBEHHO POCTPAIbHOMY
U KayoaJbHOMY HallpaBiieHUsIM (puc. 4B8).

Takum o6pa3om, pe3yabTaTbl HACTOSIILIETO UCCIEAOBAHUSI CBUIETEIBCTBYIOT O TOM,
YTO IBUTATEJIbHAsI aKTUBHOCTh BUOPUCC HOBOPOXKIEHHBIX KPBIC B 3HAYMTEIBLHOM CTETIeHU
3aBUCUT OT MOBEIEHYECKOTO COCTOSIHUS XXMBOTHOTO. EC/IM B COCTOSIHUM CHA ABUXXEHUSI
BUOPHCC UMEIOT KOPOTKYIO JUTUTETbHOCTD 1 TT0 CBOMM CBOMCTBAM CXOXH C MMOKJIOHWYE-
CKMMH MOAEPIrUBaHUSIMU Tena XXuBoTHoro [20, 22, 23], To B COCTOSIHMU OOAPCTBOBAHUS
BUOPHUCCHI COBEPIIAIOT JIUTEIbHbIE KOMIUIEKCHBIE ABMXEHUs, 00Jiee CXOXHUE C KOM-
TUIEKCHBIMM TeHEepaJIM30BaHHBIMU IBVDKEHUSIMU Tejla XKMBOTHOTO [22, 24]. Takke obHa-
pYXXEeHHasi HaMU BBICOKasl CTEMeHb KOppeassuuu Mexnay DMI-akTMBHOCTBIO IIEHHBIX
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MBI, TBVXKEHUSIMU KOHEYHOCTEM M BUOPHMCC CBUIETEIBLCTBYIOT 00 OOIIEeM KOHTPOJIE
NBUXXEHMI KaK BUOPHUCC, TaK U Tejia SKUBOTHOTO CO CTOPOHBI LIEHTPAJIBHOTO TTATTEPH-Te-
HepaTopa MPUMUTUBHBIX IBWXKEHUI HOBOPOXKIEHHBIX KpbIC. B nanbHeitmx uccienoBaHm-
SIX TIPEACTABJIIET MHTEPEC UICHTU(MUILIMPOBATh HEiiPOHAIBHBIE CETU, KOTOPhIE YUaCTBYIOT B
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Puc. 4. AMIUIMTYTHO-BpEeMEHHbBIE XapaKTEPUCTUKH ABMXKEHUIT BUOPUCC BO BpeMsi CHa M GOJIPCTBOBAHUSI.

A, b — KymynsatuBHble Tpadyku pacripenesieHus JJINTeIbHOCTU (A) 1 aMrutyasl (5) ABUXeHuit BUbpucc BO
BpeMsi CHa U GOIpCTBOBaHUS (ClieBa) U COOTBETCTBYIOLLME CTATUCTUYECKME AMarpaMMbl (CripaBa) ¢ yKa3aHUeM
MeIuaHbl, 25 1 75 KBapTWieit 1 MaKCUMaTbHBIX/ MUHUMAJIbHBIX 3HaUeHU. *** p < 0.001.

B — Hopmann3oBaHHbIE KPYroBble TMCTOrPAMMBbI HaIlpaBJieHU OTKJIOHEHUI BUOPUCC OT TMOJIOXKEHMS MOKOS
pU IBVIKEHUSIX BO BpeMsl CHa U 60IpCTBOBaHMSI (1 = 5 SKMBOTHBIX); yriibl 0° 11 180° COOTBETCTBYIOT pOCTpaib-
HOMY Y KayJaJIbHOMY HaIpaBJIeHUSIM OTKJIOHEHUs BUOpUcC, yribl 90° u 270° COOTBETCTBYIOT HAIIPABICHUSIM
BBepx 1 BHU3, 3HayeHus1 0.1 1 0.2 oTpaxaloT BEpOSITHOCTHBIE XapaKTepucTUKU HanpasiaeHuit 10% u 20% coot-

BETCTBEHHO (CyMMa BceX 3HaueHUil Ha rucrorpamme = 1).
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KOHTpOJIe paHHUX (DOPM ABUTATEILHOM aKTUBHOCTH, a TaKXKe OINPEAEIUTh BO3PACTHBIC
U3MEHEHUsI CEHCOPHO-MOTOPHBIX CeTeif, KOTOpble OOYCIaBIMBAIOT TpaHCGhOPMALIIO
paHHMX MATTEPHOB ABUTATEILHOM aKTUBHOCTH B 3peJible MaTTePHBI IO Mepe B3POCIIEHUS
JKMBOTHOTO, BKJII0Yasl MCYE3HOBEHWE CITOHTAHHBIX MUOKJIOHMYECKUX MOASPTUBAHUN 1
KPaTKOBPEMEHHBIX IBVDKEHHIT BUOPHCC BO BpeMsT aKTUBHOTO CHa, a TaK:Ke BOSHUKHOBEHME
aKTUBHOTO BUCKMHTa. TakXke TMpencTaBisieT MHTepeC TO, KaKue MaTTepHbl aKTUBHOCTU
BO3HUKAIOT B OOYOHKOBOI KOpe BO BpeMs pa3INIHbBIX TUIIOB JABVKEHUIT BUOPUCC B CO-
CTOSTHUSIX CHa M OOIPCTBOBAHUSI, Y KAKOBA UX POJIb B IJIACTUYHOCTH CMHAIICOB U B (hOp-
MUPOBAHUY COMATOTOITMYECKUX KapT KOPHI TOJIOBHOTO MO3ra.
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Patterns of Whisker Movements during Sleep and Wakefulness in Newborn Rats

A. R. Nasretdinov?, G. R. Valeeva?, R. N. Khazipov® **
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The purpose of this work was to describe the primitive whisker movements in newborn
(4—7 days after birth) Wistar rats during sleep and wakefulness, and to study the correla-
tion between whisker movements and animal body movements. Whisker movements
were recorded using high-speed video recordings, and the behavioral states and move-
ments of the animal’s body were determined by recording the electromyographic activity
of the neck muscles and by recording the movements of the animal’s limbs using piezo-
electric elements. We found that during active sleep, short-term whisker movements
were predominant, and a significant amount of these movements occurred simultane-
ously with short-term bursts of activity in the neck muscles and myoclonic twitches of
the animal’s body. During periods of wakefulness, complex long-lasting movements of
the whiskers were predominant, and were accompanied by a prolonged increased tone of
the neck muscles and complex movements of the body and limbs. Both types of whisker
movements occurred mainly in the rostral and caudal directions, and the amplitude of
movements during wakefulness slightly exceeded the amplitude of whisker movements
during sleep. These results indicate that the temporal organization of the whisker motor
activity in newborn rats differs significantly in the states of sleep and wakefulness, and
that in both behavioral states whisker movements correlate with the movements of the
animal’s body to a high degree. These findings suggest that the generalized primitive
movements of the whiskers and body in newborn rats are largely driven by a common
central pattern generator, during both active sleep and wakefulness.

Keywords: ontogenesis, movement of the newborn, whiskers, physiological myoclonia,
generalized movement, electromyography
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