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HaJlbHOTO o00Opa3oBaHMsl «KazaHckasi rocyaapcTBEHHas akKaJeMHs BETCpUHAPHOM
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OBIIASA XAPAKTEPUCTHUKA PABOTBI

AKTYaJbHOCTb TeMbI HCCI€J0BAHUSA

OnHUM 13 OCHOBHBIX BONIPOCOB HEHPOOHOIOTHH PA3BUTHUS SIBISCTCS BOIPOC O
TOM, KakuM oOOpa3oM OTpOMHOE KOJHMYECTBO HEHPOHOB  YCTaHAaBIMBAET
CHHANTHUYECKHE CBSI3H APYT C IpyroMm, GopMHpPYs B pe3yiabTaTe MBICISAIIUI MO3r. B
TO BpeMs KaK OCHOBHas CTPYKTypa HEHpOHAJbHBIX CETEil B ONpEeIeseHHOH Mepe
3aKO/IMPOBaHa B HAIIMX IeHaX, aKTHBHOCTh HEHPOHOB Ha PaHHMX JTallax pa3BUTHUS
BHOCHT HE MEHee BaKHBIM BKJaJ B mpouecc (HOPMHUPOBAHUS CIEUUPUUECKHX H
BBICOKOQYHKITMOHAIFHBIX ~ HEWpPOHANBHBIX  ceTell.  bompmoe — KommuecTBO
HCCIIEIOBaHUM, MOCBSIIEHHBIX U3YYEHHIO POJIM HEMPOHAIILHON aKTUBHOCTH B PaHHEM
pasBUTHM HEPBHOW CHCTEMBI, CBHJCTEIBCTBYCT O NPHHIUNUAIBHON pPOIH
KOpPpPENMpPOBAHHON aKTHBHOCTH HEHPOHOB M CHHANTHYECKOH IUIACTUYHOCTH B 3TOM
npouecce (Khazipov R.N., Luhmann H.J. Early patterns of electrical activity in the
developing cerebral cortex of humans and rodents // Trends Neurosci. - 2006. V. 29.
— P. 414-418). Ilpm ostoM o0co00 3HayMMa pOJb AKTUBHOCTH B Pa3BUTUU
HeﬁpOHaﬂbeIX ceTel BO BpEMsA TaK HAa3bIBACMbIX «KPUTHUYCCKUX)» MECPUOJI0B
pazutus (Erzurumlu RS, Gaspar P. Development and critical period plasticity of the
barrel cortex // Eur.J.Neurosci. — 2012. — V. 35. — P. 1540-1553). Onnoii u3
KITaCCHYECKNX MOAENEH KpPUTHYECKOro TIepuoia sBiIseTcs (OPMHUpPOBaHHE
COMaTOCEHCOPHBIX 30H B KOpE T'OJIOBHOI'O MO3ra, KOTOPO€ KPUTHYECKH 3aBHUCHT OT
HEWpOHAJIbHOW aKTMBHOCTHM B COMAaTOCEHCOPDHOW cHcTeMe, obecnednBaeMoit
aKTHBAaIell CEHCOPHOTrO BX0/a. Tak B ONpENEeNICeHHOM y4acTKE COMAaTOCEHCOPHOM
KOpBl HOBOPOXXJECHHBIX MBIINIEH M KpBIC (Tak Ha3bIBaeMOM Oappeine), KOTOPBIH
nojiy4yaer W nepepadaTbiBaeT MH(OPMALHUIO OT COOTBETCTBYIOIIEH BHOpHCCHI Ha
MOpPJIOYKE JKMBOTHOI'O, YCTPaHEHHME CEHCOPDHOIO BXOJa B TMEpBbIE JHHU II0CIE
POXKIEHUS KUBOTHOTO (HAIpUMep, MyTeM XUPYPTrHUecKoro ynaneHus Qoiumkyna
BUOPHUCCHI) TIPUBOJUT K NMPAKTHUYECKH MOJTHOMY HCUYE3HOBEHHIO JCTIPUBHPOBAHHOIO
Gappernst. AHanorn4Has JenpuBaiys y Oojiee B3POCHBIX KUBOTHBIX HE MPUBOIUT K
WCUYE3HOBEHUIO  JICTIPUBHUPOBAHHBIX  Oappesieil, XOTS W  CONpPOBOXKIAETCS
CYIIECTBEHHBIMU (YHKIMOHAIBGHBIMH MEPECTPOHKaMH B COMAaTOCEHCOPHBIX 30HAaX
(Woolsey T.A., Van der Loos H. The structural organization of layer IV in the
somatosensory region (SI) of mouse cerebral cortex. The description of a cortical
field composed of discrete cytoarchitectonic units // Brain Res. - 1970. — V. 17. — P.
205-242). Opnako, Gpu3n0I0rHUEcKHe MPOLECCHI, JekKalhe B OCHOBE KPUTUIECKOTO
MepHo/ia, OCTAIOTCSI MAJION3yYSHHBIMH. B 4aCTHOCTH, OCTAETCsl OTKPBITHIM BOIPOC O
TOM, KaKue IaTTepHbl HEMPOHAILHOM aKTUBHOCTHU 3aJ€MCTBYIOTCA B KOPE T'OJIOBHOIO
Mo3ra HOBOPOXJICHHBIX JKHUBOTHBIX npu aKTHUBallu Tonorpaqmqecxnx )5
HeTonorpapuIeCcKuX CEHCOPHBIX BXOZOB (OCHOBHOM M COCEIHUX BHOpHCC B Ciiydae
0appenbHOM KOpHI).
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B Hactosmee Bpems ommcaHbl ABa OCHOBHBIX OCLWJUIATOPHBIX MAaTTEpHA
aKTHBHOCTH B 0appenbHONH KOpE HOBOPOJKIECHHBIX KPBIC (B TEUECHHE MEPBOM HEAEITH
MOCJIe  POXKIACHUS) — TaMMa-OCIWJULIIMKA W BEPETEHOOOpPAa3HbIC BCHBIIKH C
JOMHHHUPYIOIIMM  OCHMJUIITOPHBIM ~ KOMIIOHEHTOM B  anb(a-0erta 1uamna3zoHe
(Khazipov R.N., Luhmann H.J. Early patterns of electrical activity in the developing
cerebral cortex of humans and rodents // Trends Neurosci. - 2006. —V. 29. — P. 414-
418). IlokazaHo, 4TO raMMa-oCHWUIALMK BO3ZHHKAIOT B CTPOTO TOMNOTpadUuEcCKOM
y4acTKe COMAaTOCEHCOPHOH KOPBI MPU CTUMYJISILIMHA COOTBETCTBYIOIIETO CEHCOPHOTO
BX0Jla — B ClTy4ae 0appelIbHOH KOPHI, B COOTBETCTBYIOILIEM Oapperie MpH CTUMYIISALIH
OCHOBHOH BHOpHcCH. BepeTeHOOOpa3Hble BCIBIMIKY XapaKTEPHU3yIOT HO3IHIOK 9acTh
OTBETA IIPH CTUMYJIIHAN TOHOTPadUIEeCKOro BXoAa (OCHOBHOI BHOPHCCHI), a TAKXKe
ABJISIIOTCSL  XapakTepHOH QopMoil OTBETa MpH OJHOBPEMEHHOW CTHMYJISIINHU
OOJIBIIOTO KONWYECTBA CEHCOPHBIX BXOJOB. BaXXHBIM sBISeTCS TO, YTO TraMMa-
OCHMWJIJIAIIMN BBI3BIBAIOT JOJTOBPEMEHHYIO IMOTCHIUAIMIO B TAJAMOKOPTUKAJIBbHBIX
CHHAICaX BO BpeMsl KPHUTHYECKOTO II€pHOjJa, YTO NpeAnoiaraeT UX pojib B
cTadwiu3anuu  Tonorpaduyeckd  OpPUEHTHPOBAHHBIX  TalaMOKOPTHUKAIbHBIX
CHHAICOB. B To e Bpemsi, ObUIO MOKa3aHo, 4TO anb(da-0eTa OCUMIISIINY BHI3bIBAIOT
JOITOBPEMEHHYIO  JICNIPECCHI0,  KOTOpas ~ CYMTAeTCs  NPEAIeCTBEHHHKOM
nocnenyromieid snmumuHanmu cuHarncoB (Early gamma oscillations synchronize
developing thalamus and cortex / M. Minlebaev, M. Colonnese, T. Tsintsadze, A.
Sirota, R. Khazipov // Science. — 2011. — V. 334. — P. 226-229). Dtu Hab01cHHS
POXKIAIOT THUIOTE3Y O TOM, YTO 3TH JBa THIA OCHMJUIITOPHBIX OTBETOB SBISIOTCS
MHCTPYMEHTAaMH B  KOHKYPEHTHBIX B3aHMOJCHCTBHAX TpH  (OPMUPOBAHUH
COMaTOCEHCOPHBIX TAJIAMOKOPTHKAIBHBIX 30H. OJTHAKO B TO BpeMsl KaK poJib raMma-
OCL[I/IJ'IIISII_[I/Iﬁ B KOJUPOBAHUU TOl'[OI‘pa(i)I/I‘IeCKI/IX CCHCOPHBIX BXO/I0B ObL1a IIOKa3aHa,
BOIIPOC O poJiH anb(a-0eTa-oCUWUBIINA B KOIUPOBAHMHM HETONOrpapUYecKuX
BXOJIOB OCTA€TCSI OTKPBHITHIM.

JlpyruM  HeMaJlOBR)XHBIM  BOIIPOCOM  SIBJSIETCSI  COOTHOIIGHHE  POJIH
HEWPOHAJIbHOW aKTHBHOCTH M T€HETHYECKON MPOTpaMMBI B Pa3BUTHH HEHPOHAIIBHBIX
30H. SIBisIOTCS NN crenu@HUYecKne PUTMbBI aKTHBHOCTH OCHOBHBIM HHCTPYMEHTOM
(opMHpOBaHMS 30H MO3ra WIM OHHM HEOOXOAWMBI JIHIIb JUIi OKOHYATEJIHHOM
HOJCTPOWKN yXKe pa3BUBABLIMXCS IO CBoed mporpamme 30H? CylIecTBYIOT JBE
OCHOBHBIE MOJIENI PaHHEro (OPMUPOBAHUS COMATOCEHCOPHBIX 30H BO BpeMs
KpuTHYeckoro nepuoma. Mogens “tabula rasa” mpenmornaraer, 4To HM3HAYaIbHO
CTPOrOro TMOpsiika B OOpa3yIOIIMXCS CHHANTHYECKHX CBs3siX HeT. Ilpu arom
KOJIMYECTBO CBsi3el crepBa M30BITOYHO, a MOCJEAyIollee YIopsI0YMBaHHe
HEHpPOHATBHOW ceTH OOYyCIOBICHO KOHKYpPEHIHEH MEXIy NPEeCHHANTHISCKIMU
HEMpOHAMMU 3a KJIETKH-MHIICHH C TIOJABJICHIEM U yCTPaHEHUEM HETOMOrpaduIecKux
CBsI3el, a TaKKe YCWICHHEM M CTaOWiIM3alueld Tomorpauyeckux —CBSI3EH.
ANbTepHaTHBHAS MOJEJb IPE/IoJaraeT, YTo ¢ caMoro Havyaja HeHpOHAJIBHBIE CBSI3H
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YCTaHABIMBAIOTCS CTPOTO YIOPSZOYCHHBIM 00pa3oM, € IHOMOIIBIO CHELHATbHBIX
MOJICKYJIIPHBIX THAOB, 00ECIIEYNBAIONINX IIPOPACTAHHE AKCOHOB B CTPOTO 33JIaHHBIC
YYacTKH HEPBHOI cHCTeMbl H (OpMHpOBAaHHE cHEIM(UUSCKHX KOHTaKTOB C
KJICTKaMH-MUIICHAMH. [IpH 3TOM HeWpOHATbHOW aKTHBHOCTH OTBOIHUTCS POJIb
(bYHKIHOHANBHON TPOBEPKM HM3HAYAJIBHO TOMOTpadUIecKH COOpaHHBIX —ceTeit
(Erzurumlu R.S., Gaspar P. Development and critical period plasticity of the barrel
cortex // Eur.J.Neurosci. — 2012. — V. 35. — P. 1540-1553). UnrepecHo, uTo 06€ 3TH
MOJCIM HMECIOT CYIISCTBCHHYIO OKCICPHMEHTAJIBHYIO [OKa3aTelbHyl0 0a3y,
OIMPAIOIIYIOCS B OCHOBHOM Ha Mopdosornyeckue nanHble. OQHAaKo, Kakas M3 3THUX
IBYX MOJEJIeH MpUMEHHMa B ciiydae (JOpMHUPOBaHHS COMATOTONMYECKUX 30H B KOpPe
TOJIOBHOTO MO3ra BO BpeMs KPHTHYECKOTO IIEPHOJA, OCTACTCS HEH3BECTHBIM.
LleHTpadbHBIM JUIA pELICHHS 3TOW MpPOOJEMBI OCTAaeTCs BONPOC O TOM, KaKoBa
W3HAYAJIbHASL OpPraHM3allsi COMAaTOTOINHYSCKUX 30H B CAMOM Hayaje KPHUTHYECKOTO
nepuojia — CTPOro Tomorpaduueckas, Kak B CIy4ac MOJCIH T€HETHYECKON
npeonpeeICHHOCTH, 00 nuddy3Has, Kak B ciiydae Monenu “tabula rasa”.

Heab mcciienoBaHus — M3yYUTh MPOLIECCHI U MHCTPYMEHTHI ()OPMUPOBAHUS
q)yHKI_[I/IOHaJ'II)HI)IX COMATOTOIMUMYCCKNX 30H B KOPE I'OJIOBHOI'O MO3T'a HOBOPOXKACHHBIX
KPBIC BO BPEMsI KPUTHYECKOTO TIEPHO/Ia PA3BUTHUS TATAMOKOPTHKAIBHBIX CBS3EH.

B cooTBeTCTBHMM ¢ LETBIO OBLIN MOCTABIEHBI CeIyIOLINe 3a1a9M:

1. Ompenenuts, sABIseTCS TH (QYHKIHOHAIBHOE COCTOSHHE COMAaTOCEHCOPHBIX
30H B CaMOM Hayalle KpUTHYECKOTO MepHoJa, T.¢. B MEpBbIe IHHU MOCIC POXKICHHS,
cTporo TororpadguaHbM win Au( y3HBIM.

2. OxapakTepu30BaTh BO3PACTHbIC H3MEHEHHS B YPOBHE TONOIPadHYHOCTH
(I)yHKI_[I/IOHaJ'IBHBIX COMATOCCHCOPHBIX 30H BO BpEMSA KPUTHYCCKOI'oO TIi€puoaa H
CPaBHUTH 3TH U3MEHEHHs ¢ (HOpMUPOBAHHEM MOPGHOIOTHICCKHX COMATOCCHCOPHBIX
30H.

3. OxapakTepu30BaTh MATTEPHBI IIEKTPOTPadUICCKOl CEHCOPHO-BBI3BAHHOI
AKTHBHOCTH B COMATOCEHCOPHON KOpE TOJOBHOTO MO3Tra HOBOPOXKICHHBIX KPBIC B
0o0NacTH TPEINCTaBHTEIBbCTBA BUOPUCC BO BpeMs KPHTHYECKOTO  IepHoza
(OpMUPOBaHKS COMAaTOCEHCOPHBIX 30H — EPBOI HEACIH MOCIIE POXKACHHUSL.

4, OmucaTp  pa3nuuus B [ATTEPHAX  aKTUBHOCTH,  BBI3BIBAEMBIX
TONOTrpaMIECKUM M HETONOTrpadhUIECKHM CEHCOPHBIMH BXOJaMH Yy HOBOPOMKICHHBIX
KpBIC.

Hayunasi HOBH3HA paGoThbI

BriepBbie oxapakTepH30BaHO (YHKIIHOHAILHOE COCTOSHHE COMATOCCHCOPHOM
KOPBI TOJIOBHOTO MO3Ta KPBIC BO BpeMsi PaHHET0 KPHTHUYECKOTO mepuoza. [TokaszaHo,
YTO OTBECTHI, BBbI3BIBACMBIC CTHMyHHHHCﬁ COCeaHUX BI/I6pI/ICC, 3HAYUTCIIBHO
MEPEeKPBIBAIOTCS, YTO SIBISETCA JO0Ka3aTelbCTBOM  HM3Ha4YalbHO U dy3HOM
(YHKIMOHANBHO OpraHu3allMd COMATOCEHCOPHOW KOpPBI W CBHICTEIBCTBYET O
KOHKYPEHTHBIX MEXaHH3Max B (POPMHUPOBAHHHU TOMOrPaQUUECKUX COMATOCCHCOPHBIX
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30H. BiepBble nokazaHo, 4To GOpPMUPOBAHKNE (YHKIMOHAIBHBIX COMATOTOMMYECKHX
30H B KOpPE TOJIOBHOT'O MO3ra KpBIC BO BPEMS KPHUTHYECKOTO NMEPHOAA MPOHCXOAUT
HapauieIbHO ¢ ()OPMHUPOBAHHEM MOPQOIOTHUECKHX COMATOCEHCOPHBIX 30H.
BnepBrle moka3aHO, dYTO BO BpeMs IO3JHETO0  KPUTHUUECKOTo  IepHoia
Tororpauyeckue W HETONOTrpadUuecKHe CEHCOPHBIE BXOABI  KOIUPYIOTCS
COOTBETCTBEHHO TramMMa- U  anb(a-0eTa-ocWUIALUSIMY, YTO  HpeanosiaraeT
MPOTUBOMOIOXKHYIO POJb 3TUX OCHWUISIIMNA B CHHANTUYECKON IIACTUYHOCTU —
CTa0WIM3alK TONOrpaUUYecKuX TaJaMOKOPTHKAJIbHBIX CHHAIICOB W YCTPaHEHHH
HETONOrpaUIeCKNX CHHAIICOB.

Teopernuyeckasi U NPAKTHYECKasi 3HAYUMOCTH padoThI

OCHOBHOE 3HAYCHHE PE3YNbTATOB MPOBEICHHBIX HCCIEIOBAaHUN COCTOUT B
MOTyYCHHH HOBBIX JAaHHBIX O (PU3HMOJOTMYECKHX IPOIECCcax, JIeKAIINX B OCHOBE
(opMHpOBaHMS COMATOCEHCOPHBIX 30H B KOpE TOJOBHOTO MO3ra BO BpeMsd
KPUTHYECKOTO TMepuoaa ux pasButus. OOHapyxeHHas nuddysHas opraHuzanus
OTBCTOB, BBI3BIBACMBIX CTHMyJ'ISHIPIGﬁ BI/I6pI/ICC, 1 3HAYUTCIBHOC TICPEKPBITHUC ITUX
OTBETOB B CAMOM Hauajle KPUTHYECKOrO MEpUOJia CBUACTEIbCTBYET 00 M3HAYAIBHO
muddy3Hol QyHKINOHABHOI OpraHU3aluy COMAaTOCEHCOPHBIX 30H. OOHapyKEHHOE
YaCTOTHOE KOJMPOBAaHHE TOMOrpadMuecKUX M HETONOrpa)uuecKux CEHCOPHBIX
BXOJIOB BO BPEeMs IO3HETO KPUTHUYECKOTO IEPHOJia MPEAIoaraeT pasiInyHyio pob
OCIJUIAIIH, B 3aBUCUMOCTH OT HMX 4YacTOTBI, B MPOIECCax CHHANTHYESCKON
IUTACTUYHOCTH — MTOTEHIIMALUH TONOTpapUIECKNX CHHATICOB FraMMa-OCIMIIAIUSIMA 1
MOAABICHNH  HeTonorpaduieckux cuHANcoB anbga-Oera-ocumwmmsinusvu. B
COBOKYITHOCTH, TIOJy4E€HHBIE pEe3yJbTaTbl IOATBEPXKIAIOT MOJENIb  Pa3BUTHSA
COMAaTOCEHCOPHOW KOpPBbI, B KOTOpOH HEHWpOHalbHAsl AKTUBHOCTb, BbI3bIBAEMAs
CEHCOpDHOW  CTHMyNALuMeHd, obecneuyuBaeT  ycloBHA Ui (HOPMHUPOBAHUS
TOMOTpapUIECKNX  COMATOCEHCOPHBIX  30H  IOCPEACTBOM  KOHKYPEHTHBIX
B3aMMOJICHICTBUIT MEXIy CEHCOPHBIMH BXOAaMH B HX OOprOe 3a KOpTHUKAJIbHBIE
TEPPUTOPUU BO BpeMs KPHUTHYECKOTO mepuoaa. IIoCKombKy B eCTECTBEHHBIX
YCIOBUSIX CEHCOPHAsi CTUMYJISIINS, Kak 3TO ObIIO MOKa3aHO paHee, 00ecrednBaeTcs B
3HAYNTEIHHON CTEIICHN OCPEACTBOM CEHCOPHOH peaddepeHTary, BOSHUKAIOMEH B
pe3yipTaTe CIOHTAHHBIX [BHXXECHUH, IOJIyYEHHBIE PE3yJIbTaThl TaKKE SIBISIOTCS
CBHJIETEIILCTBOM BaXXHOW (DU3MOJOTMYECKOH pOJM CIOHTAHHOM JIBUTaTeIbHOU
AKTUBHOCTH B Pa3BUTHH COMAaTOCEHCOPHOIO aHAIU3aTOpa. JTOT MEXaHU3M MOMKET
ObITh Hanbojee 3HAYMMBIM B IMPOIECCE Pa3BUTUA HepBHOﬁ CHUCTEMBI y 4YCJIOBCKA,
IMOCKOJIBKY COOTBCTCTBy}OH_U/Iﬁ OIMMCAHHOMY B HACTOANIEM HCCICAOBAHUN TICPUOJ
pPa3sBUTHA Yy 4YeJIOBEKa MPOWCTEKAeT BHYTPUYTPOOHO, B YCIOBHAX IPAKTHICCKH
[IOJIHOM COMAaTOCEHCOPHOM JENPUBALIUH.
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MeToa0J10THsI H METOABI HCCIeTOBAHNSA

MbI HCCIENOBaNd 3IEKTPUYECKYI0 aKTHBHOCTH iN ViVO, BO3HHKAMOIIYI B
KOPTHKAJIBHBIX KOJOHKAaX COMAaTOCEHCOPHOW KOpHI (Oappensx) TOIOBHOTO MO3Tra
HOBOPOXK/JICHHBIX KPBICAT B OTBET Ha CTUMYJISILIMIO BUOPHCC HA MOPJOYKE KMBOTHBIX
B mepBylo Henmemo nocne poxaeHus (P0-7). Jlns perucrpaunu BHEKIETOYHOM
SMEKTPUUYECKOW aKTUBHOCTH MCHOJIb30BAJNCH MHOTOKAHANBHBIE 3JIEKTPOIbl Ha
KPEeMHUEBOW TOIJIOKKE, a Uil BHYTPUKIETOUHOM pErucTpaluu OT OTAEIbHBIX
HEWPOHOB HMCIIOJIb30BAIMCH CTEKJITHHBIE MUMETKH (METO MATY-KIIaMIIa).

OcHOBHBIE N0J10KeHMs], BBIHOCHMbIE Ha 3aIIHTY:

1. B comarocencopHoif 0appenpHOM KOpe KpBIC BO BpeMs pPaHHETO
KPUTHYIECKOTO Tepruona HoBOpoxkaeHHBIX (P0-1) ceHcopHas cTUMyISIHS BHOpICC
BBI3bIBACT AU (Y3HBIC OTBETHI B BU/E JEIHTA-BOJIH C OOMIMPHBIMH IPOSKIIMOHHBIMHU
MOJISIMU OTMHOYHBIX BUOPUCC M CO 3HAUUTEIBHBIM NEPEKPHITHEM 30H, AKTHUBHPYEMbIX
COCEeTHIMU BUOpHCCAMH.

2. [Mepexon ot auddysHoro cocrosHus (HYHKIHOHAIBHOW OpraHu3alyd 30H B
COMATOCEHCOPHOM OappenbHOl Kope K CTporo Tomorpadu4eckoil opraHu3anuu
MPOMCXOIUT TPOrPECCUBHO B TEYEHHE IMEPBOMl HENeNM Iocie POXKICHUS
HapajIensHo ¢ GopMUPOBaHUEM MOPGHOIOTHIECKUX COMAaTOCEHCOPHBIX 30H.

3. Bo Bpemst mo31HETO KPUTHYECKOTO TIEPHO/Ia PAa3BUTHS TalaMO-KOPTHKAIBHBIX
cereii (P3-7) CeHCOpPHO-BBI3BaHHBIE OTBETHl XaPAKTEPU3YIOTCS  BCHBIIIKAMH
OCIIJUIITOPHON aKTUBHOCTH B ramMMa- M aib(a-0eTa-yacTOTHBIX AMAla3oOHaX, IPH
3TOM TaMMa-OCIMJUISIINHN CTeIH(PUIECKH KOIUPYIOT aKTHBHOCTh TOMOTPAa(QUUECKIX
CCHCOPDHBIX BXOJIOB, a ayb(a-0eTa-oCHWULIIUA KOAUPYIOT HWHTETPATHBHYIO
AKTUBHOCTH HETOMOTpa(hUIeCKUX CEHCOPHBIX BXOJIOB.

CreneHb 10CTOBEPHOCTH M ANPOsaNs pe3yIbTATOB

JloCTOBEpHOCTh TIOJIyYEHHBIX JAHHBIX OCHOBaHa Ha OOJBIIOM 0O0BeMe
pe3yIbTaTOB IKCHEPUMEHTANBHBIX HCCIEOBAHUI C HCIONB30BAaHHEM a/JeKBAaTHBIX
METOJIMYECKHX MOAX0J0B M CTATHCTHYECKOI 00pabOTKM TOJIyYEHHBIX PE3YJIbTATOB (C
MOMOIIBIO TIPOTpaMM, pa3pabOTaHHBIX B HAIlei J1abOpaTOpMM Ha OCHOBE IIaKeTa
Matlab).

Marepuansl  paboTBl  mpeAcTaBIeHbl Ha  MeXIyHapoIHOH  Hay4YHOH
KoH(pepeHunn Cpearu3eMHOMOPCKOTO MHCTHTYTa Helpoounonoruu «Journees Inmed»
(Cent-Pagpasnp, @pannus, 2012); MexayHapogHoM cumiio3uyme "MolekyisipHble
MEXaHU3MBl peryisuuu cuHantudeckoil mnepemaun" (Kumes, VYxpaumna, 2012);
Bcepoccuiickoit c MEXAYHapOJHBIM y4acTueM IIKOJIe-KOH(EPEHIIH
«DPU3NONOTHYECKNE MEXaHM3MBl aJanTalliil pacTymero opraHu3May (Smpuuk,
2012); MexnaynaponHoM ¢opyme Heiipobnonornu FENS (Munan, Uramus, 2014).
Pabora BeimosiHeHa mpu mojepxke rpaHtom POOU No 13-04-01237, rpantom
IIpaBurensctBa PO Benymmm yuensiM Nell.G34.31.0075, a Taxxke mporpamMmoit
KOHKYpEHTHOTo pa3Butust KazaHckoro (enepanbHOr0 YHHBEpCHUTETA.
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Peanuzanus pe3yJbTaTOB HCCIe0BAHUS
ITo Teme nmuccepTanny OIyOJIMKOBAaHO 8 TMEYATHBIX PadOT, B TOM ducie 4
CTaThU B pEICH3UPYEMBIX KypHaiax (u3 crucka BAK).

OCHOBHOE COJEP)KAHHUE PABOTHI

MATEPHUAJIBI U METO/JbI UCCJIEJOBAHUS

HccnenoBanusi NMpOBOAMIIMCH Ha OeNbIX J1aOOpaTOpHBIX KpbICATaX 000MX
MOJIOB Pa3HBIX BO3PAcTOB HauMHas co JHA poxiaeHus (PO) u 3akaHumBasg 7M IHeEM
nocie poxkaerus (P7). DKCIiepUMEHTH BHITOIHIIACH B COOTBETCTBUH C ATHICCKIMU
TpeOoBaHUSAMH TIO paboTe ¢ 7Ta0OpaTOPHBIMH  JKUBOTHBIMHA  (IIPOTOKOJIBI
SKCIIEPUMEHTOB 0100peHsl DpaHIy3CKUM HAIIMOHAIBHBIM HHCTHTYTOM 3I0POBBS H
MenunuHckuX uccienoBanuit  (INSERM, NO007.08.01), a Takxke JIoKaabHBIM
sTrdeckuM komuteroM Kazanckoro meauiuackoro yauBepcutera (N9-2013)).

Xupypeuueckoe emeuwtamenscmeo TPOU3BOAWIOCE C  HCHOJIB30BAHHUEM
HU30(IIIOPAHOBON aHECTE3MH. B X0/1e XUPYpPruvecKoil onepamnun 0OHaXaucs y4acToK
yepena JKMBOTHOTO C MOCJIEAYIOIIUM YyOWUpaHWeM HaJIKOCTHHLBI C OOHa)KeHHOU
KocTd. OpHEHTHPYACh MO KOOPAMHATAM OTHOCHUTEIHHO aHAaTOMHUYECKHX TOYEK
MPECEeYCHHs CaITUTAILHOTO IIBa C KOPOHAIBHBIM (OpermMa) M 3aThbUIOYHBIM (ramMMa)
IIBAMH, MBI OTMEYAIIM Y4acTOK depera pasmepoM 4-9 Mm® Hax GappeibHOH KOpoii
neporo monymapus. OOHaKeHHAs W IMOJCYIICHHAs 00JacTh depema BOKPYT 3TOrO
y4acTKa TOKPHIBANACh TOCJIEIOBATEIFHO [HAHAKPWIATHBIM KJIEeM W 3YOHBIM
[EMEHTOM OBICTPOH (UKCAIMK, C TOMOIIBIO IIOCIEIHEr0 TOJO0Ba JKHBOTHOTO
3aKperuIsUIach Ha KOJBIIEBOH JepKaTellb CO MHOXKECTBOM CTEIICHEH CBOOOIBI, YTO
MO3BOJBUIO B JlayIbHEHIIEM yJOOHO pacmojaraTh IOBEPXHOCTh T'OJOBBI JKHBOTHOTO
OTHOCHUTENIFHO MHKPOCKONa W MAaHMITYJIATOpPa C PETUCTPUPYIOIIUM BJIEKTPOJIOM.
Ilocnme xupyprudeckoil omepanuy KHBOTHOE IOMENIAJIOCh B YCTAHOBKY H
HETOJIBIDKHO (PUKCUpOBaiach B OOJIACTH TOJIOBBI K CTEPEOTAKCYy C MOMOLIBIO
BBILICONUCAHHOTO KperuieHus. st obecnieyeHns: KOMQOPTHBIX YCIOBHH JKMBOTHOE
OOKJIaAbIBAJIOCh BAaTOW, Ul TMOJUIEPXKaHUS TIOCTOSIHHOW TeMIIepaTyphl Teja
HOBOPOXKJIEHHOIO0 KPBICEHKA IOJ HUM Ppacloiarajcs TEPMOKOBPUK C MOCTOSIHHBIM
KOHTPOJIEM IOAJACPKAHHUA TEMIIEPaTypsl B IIpelenax 35-37°C. B kauectse
pedepeHTHOro  3JEeKTpoAa  HMCHOJb30Bajlach  XJopcepeOpsiHas — IPOBOJIOKA,
UMILIAaHTUPOBAaHHAs B MO3KEYOK WU 3PUTENIbHYIO KOPY JKUBOTHOTO.

Mg noxkanm3anmu  cnenn(uveckoro Oappens B COMAaTOCEHCOPHOH Kope
WCTIONB30BANICS Memo0 pezucmpauyuu HympeHHez0 ORMUYEcK020 CUZHANA, CYTh
KOTOPOTO 3aKIIOYaeTcss B TOM, YTO AaKTHBHAs HEWpOHaJIbHAas TKaHb IOTJIONIAET
OonpIie KHCIOPOAa, W NMPH IOBTOPHON CTUMYJSIIMU OIIpENeIeHHOH BHOPHCCHI C
MOMOIIIFI0 BBICOKOCKOPOCTHOH W BBICOKOYYBCTBUTEIBHONH CHCTEMBI PErHCTpPAIlUH
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BUJICOCUTHAJIA MOXHO OTCJICANTD JOKAJIbHOE N3MCHEHHE KOHIICHTPAlUU KUCIOpOoa B
aKTUBHOH 30HE.

Jns mocnenyromeil perucTpaluy aKTUBHOCTM HEHPOHOB B 4Yepene Haj
00J1aCThI0 UICHTU(HULIMPOBAHHOTO Oappess BEICBEPINBAIOCH HEOOJIBIIOE OTBEPCTHE,
TBEpAasi MO3roBasi 000JI0YKa OCTOPOXKHO HAJICEKATIAaCh. DIEKTPOIbI PACIIOaraluch B
LEHTPe KOPTUKATBHOM KOJIOHKH.

B psine skcnepHMMEHTOB perucTpanus BHYTPEHHETO ONTHYECKOrO CHTHajla He
NpOU3BOJMIACE, M OCHOBHAas BHOpHcca WICHTH(QUIMPOBANIACH IO KOPOTKOU
BPEMECHHOH 3aJIep’KKe MEKAY MOMEHTOM I10JIaddl CTUMYJa | TOSIBICHNS aKTHBHOCTH
B  peructpupyemom  Oappene. OnMHOYHBIE BHOPHCCHI  CTUMYJIHPOBAJIHCH
nbe30aeUICKINEH HIH KOPOTKIMH Y3KUMH TOTIKaMHU BO3yXa.

B skcriepuMeHTax ¢ pecucmpayueii 6HeKAemoUHOl AKIMUBHOCIMU HEIPOHO8
OT LENOH KOPTHKAJIbHOW KOJIOHKH HCIIONB30BAINCh MHOTOKAHAJIBHBIC JIMHEHHBIC
3MEKTPOABl Ha KPEMHHEBOH IOJUIOKKE. OJEKTPOJBl MOTPYKAIUCh B OCHOBHYIO
KOJIOHKY Ha miyouny or 0 mo 1500 MxkM aias TOro, 4ToObI OJHOBPEMEHHO
PEruCTPUPOBaTh AKTUBHOCTH OT BCEX CJIOEB OCHOBHON KOPTUKAalIbHOM KOJOHKHU. B
SKCIEPUMEHTaX C OJHOBPEMEHHOH perucTpanueil akTHBHOCTH OT HECKOJIBKHX
KOPTHKAJIBHBIX KOJOHOK MBI HCIOJNB30BANM 4-X IUIeYeBBIC MHOTOKAaHAJIbHBIE
3NEKTPOIBl. B 3THX sKcrepuMeHTax Hambosee IIyOOKHe IICKTPOIBI Pa3MeIaliuch
Ha riryonsae 800 MKM OT IMOBEPXHOCTH KOpbI. TakuM 00pa3oM, KaKk MUHHUMYM OJWH
3JIEKTPO]] KAXJIOTO IIJIeda HaXOIWICA Ha YPOBHE TPAaHYISIPHOTO U CyOTrpaHyIISIpHOTO
cioeB. Perucrpamus enuHnmunbsix [1Jl mpomsBogmimack IyTeM  KiacTepU3aLMN
CHTHAJIOB, 3apEerHCTPUPOBAHHBIX C TIOMOIIBIO 4-X KaHAIBHBIX 3JIEKTPOOB,
pPacmoNIOKEHHBIX B BHJE poM0Oa Ha KPEMHHUEBOH MOJUIOXKKE, T.H. TeTponoB. Jlis
JKUBOTHBIX BO3pPAcTHOW Tpymmel Miagme 4-x JHedl 3HaueHus TIyOMHBI it
TPaHyJIIPHOTO U CyOrpaHyJISIPHOTO CJIOEB ONPEAEIUIOCh Kak INTyOMHa, Ha KOTOpOH
PETUCTPUPOBAJICS. OTBET C MHHHUMAIBHOW 3a/Ep>KKOH BBI3BAHHBIX ITOTECHIIHAJIOB
nevictus u 200-300 MKM HIDKE, COOTBETCTBEHHO.

I'myramareprudeckue Bo30yknmaromue mocrcuHantudeckue Toku (BIICT) B
HEeWpOoHaX BHYTpEeHHEH 4acTH KOPTHKAJIbHOW IUIACTUHKH (WIIH 4 CIIO€) 3aliChIBAIIICH
Ha noreHnmaine pesepcun [ AMK(A)-P onocpenoBannsix TokoB (-70MB) ¢ momomrsro
G6HYMPUKIEMOYUHOU PecUCPayuu aKmugHOCMYU Helponoe B pexxuMe (UKcaluu
noteHuaia (voltage-clamp) cTeKJISTHHBIMU IHMIIETKAaMH, 3aIIOJJHEHHBIMHA PAacTBOPOM
nesuii-rimokonata CsGluconate (MM: 130 Cs-Gluconate, 13 CsCl, 0.1 CaCl2, 1
ethylene glycol tetraacetic acid [EGTA], u 10 4-[2-hydroxyethyl]-1-
piperazineethanesulfonic acid [HEPES], pH 7.25) win Kamuii-TiiOKOHaTa
KGluconate(MM: 130 K-Gluconate; 10 Na-Gluconate; 4 NaCl; 4 Mg-ATP; 4
Phosphocreatine; 10 HEPES [K]; 0.3 Na2GTP, pH 7.25).

Ananu3 OannplX TIPOM3BOAWICS C IOMOIIBIO pa3pabdOTaHHBIX B HameH
naboparopuu QyHKIUMIT Ha OCHOBE IMakeTa nporpaMM Matlab.
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Obwan cxema uccnedoganus nisi ynoOCTBa NpuBeAeHa B (opMme CBOJHOM
tabmuupl  (Tabmuma 1), TAe  yka3aHel Ha3BaHMS CEpPUH  DKCIIEPUMEHTOB,
MCIIOJIb30BaHHBIA METO U pa3Mep BHIOOPKH.

Ta6muma 1. O0mas cxema UCCIIeTOBAHNN.

(I)OPMHIJOBaHl/Ie (l)yHKIII/lOHaJl])HbIX COMATOTONMUYECKHUX 30H B KOP€ roJIOBHOI0
MO3ra HOBOPOKACHHBIX KPbIC BO BpEM# KPUTUYECCKOI'0 I€pUoIa pasBuTus Ta-
JIAMOKOPTHUKAJBbHBIX cBA3eil

XapaKTepucTHka MHoOrokaHalbHOE JINHEHHOE
PeLENTHBHBIX MOJIeit —llzl— = BHEKJIETOHOE OTBECHNE N=8
B OappebHOit Kope OT OTAEIbHOU
HOBOPOKIEHHBIX KPBIC @ KOPTHKAJILHOM KOJIOHKH KpBICAT
(PO-1) e
% @ MHorokasajibHO€E JIMHEHHOE
'E[_ = BHEKJIETOUYHOE OTBEACHUE N =29
[MocTHATaNbHAS Cerpe- oT OTHeHUI’HOﬁ KpBICAT
rams KOPTHKAJIbHON KOJOHKH
PELENTHUBHBIX TOJIeH —
B T€UEHUE MEPBOM He-
aenu %) BrexknerouHoe oTBesIeHNE
MOCIIe POXKICSHUS = MW ot kieTok |1V cios omHOM
(PO-7) = KOPTHKAJIBHOM KOJOHKH N=4
3 (TeTpOHEIH 3IIEKTPOK) KpBICEHKA
[MocTHaTanbHas cerpe-
ranus MHorokaHaJIbHOE
MIPOEKIIMOHHBIX TOJIEH BHEKJIETOYHOE
BHOpHCC B 6appenbHOil OTBEJICHHE N =29
Kope OT HECKOJBKHX KPBICST
Y HOBOPOIK/IEHHBIX KOPTHKAJIbHBIX KOJIOHOK
KPBICST
(PO-7)
Cerperanusi CAHAITH-
HeCKUX = BuyTtpukierounoe OTBE/IEHHE OT _
BXOJIOB B IPOLIECCE OTZIE€JbHBIX HEUPOHOB N=19
KIIETOK
pasBUTH A

(PO-7)
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MHorokanaiabHO€E THHEHHOE BHEKICTOYHOE
OTBEJIEHUE OT OTJCIBbHON KOPTUKAILHOM
KOJIOHKH

YacToTHOE KOTUPOBa-
HHe B OappenbHOil Kope
HOBOPOX/JICHHBIX KPBIC

N=78
KPBICAT

(P2-7) TIPOTOKOIBI CTHMY IAIHH
Il Ocuornas euGpucca
il Cocennss endpucca
Ml Bece BHOPHCCHI

Il Bee-kpome-ocroEHO! BHGPHCCE

PE3YJIbTATBI UCCJEJIOBAHUI

XapakTepucTHKAa  peleNTHBHBIX TMoJjeii B OappeabHoii  Kope
HOBOPOKIE€HHBIX KPbIC

UroObl  OmpenenuTh MEPBOHAYATNBHOE  COCTOSHHE  (DYHKIIMOHATIHHOMH
OpTraHU3aIli 30HBI MPEJCTABUTEILCTBA BHOPHUCC HAa MOPAOYKE >KHBOTHOTO B
COMAaTOYYBCTBUTEIBHON KOpE, T.€. BBELICHUTH, SBISETCS JM OHA TOYHOW, KOT/a
Ka)x1asi KOPTUKAIbHAS KOJOHKA MOJTYYaeT BXOJ TOJIBKO OT OJHOTO MepH(epHIecKoro
pELEeNnTUBHOTO MoJst - BUOpUCChl, wiu auddy3HOM, Koraa perenTHBHbIE IO B
COMAaTOCEHCOPHOM KOpe INepeceKaroTcss U KOPTHUKaJIbHbIE HEHMPOHBI MOITYYaloT BXOJ
OT HECKOJIbKMX PELENTHBHBIX IIOJIel, MBI HCCIIEJOBaIM pELENTUBHBIC OIS
KOPTHKAJbHBIX HEHPOHOB C TOMOIIBI0 METO/a BHEKJIETOUHOM perucrpanuu in Vivo
MHOT'OKaHaJIBHBIMHU JIEKTPOAAMHU Ha KPEMHHEBOH IMOJUIOKKE Y KPBICAT (B BO3pacTte
PO-1, rme PO — 3T0 eHp poXxIeHHs KPBICEHKA; N=8 KPBICSAT).

MexaHnnueckasi CTUMYJISAIHAS BUOPUCC HA MOPJIOYKE HOBOPOXKICHHBIX KPBICAT
(c momompio TpyOoukH mThe3oAedIeKTOpa JMOO0 Y3KOHANPABICHHOTO TOJYKA
BO3JlyXa) BO BpEMs NEPBBIX JBYX IHEH MOCIE POXKACHUs BBI3bIBANAa B OappenbHOU
KOpe DJIEKTPUYECKUI OTBET B BUAE Je(ICKIMH JIOKAJIBHOTO II0JICBOTO HOTEHIMAa
(JITTIT), opraHnM30BaHHOTO B OCIMIIISIIMKM B BHJIE JENbTa BOJH M BEPETEHOOOPA3HBIX
BCIIBIIIEK U ACCOLMUPOBAHHOIO C MHOKECTBEHHOW HEHPOHAIBHONW AKTUBHOCTHIO
(MHA), B oIHOM W TOM JXK€ y4acTKe PEricTpaluy, TOTAa Kak Ha Ooyee MO3THHUX
Bo3pacrtax (P2-P7), oTBeT B perucrpupyemoii odnactu 6appesibHOi KOpbl BO3HHUKAI
Ha CTHUMYJISIIUIO TOJIBKO OJHOTO, MAKCHMYM JIBYX BHOPHCC, M OTKJIOHEHHE COCETHIX
BHOpHCC HUKAKOTO OTBETA B IaHHOM o0JsiacTh He BbI3bIBAIO (PucyHoK 1).
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PO P2 P7
; A1A2 A3 X A1A2 X X
g B1B2 B3 X B1B2B3 X
] c1c2c3 X c1C2C3 X
= cn/oTs v cn/ote
Al 010203 D4 P02 03 x S
g E1E2E3 X [N E1E2E3 x IS8
D e o [41]2222 [ty
' ToEER  GEEm  oEe
P —fopE pEEe =
A e ot 22 s
= “"um E3 Ecn/c E1EE |Ecm’c’3 J-—Ll EZE |Ecrufc:3

- 1c - Tc

PucyHok 1 — PenienTuBHBIE OIS M TUCTOTPAMMBI PACHIPENEICHHS MHOXKE-
CTBEHHOM HeilfpoHanpHOI aktuBHOCTH (MHA), OTHEHTpHUPOBAaHHO IT0 MOMEHTY
CTHMYJa OTENIEHON BHOPHCCHI

[Mpumeuanue: Kaxnas siueiika MaTpHIbl pelIENTHBHBIX NOJIEH BUOpUCC
MpecTaBisieT cymMmmMapHoe 3HaueHue MHA, BoI3BaHHON CTUMYJISIIIUEH OTAETbHOM
BHOPHCCHI; KPECTUKOM OTMEUEHBI siueiiKi BUOpHUCC, HE 110/IBEPraBIIMXCS
TECTHPOBAHHIO; CII/C’> - KOJIMYECTBO CAMKOB (BHEK/ICTOUHBIX IOTEHIHATIOR
JICUCTBHUS) B CEKYH]LY, CII/OTB - KOJMYECTBO CNAKOB B O/IHOM BBI3BAHHOM OTBETE.

Heckonbko THIOB cpaBHEHHUs IOKa3aso, 4To B Bo3pacte PO-1 penentuBHbIe
T10JIs1 HECKOJIBKHX PSIJIOM PACIIONIOKEHHBIX BUOPHCC NMEPEKPHIBAIOTCS B OTHOM KOPTH-
KaJbHOM Y4YacTKe, T.C. PeleNTHBHBIC Mo HocAT nudy3HbId Xapaktep. Cpeanue
3gayeHuss MHA B coornomenusx CB1/OB u CB2/OB cocraBumu 0,43+0,05 u
0,2340,03, coorBercTBeHHO (PucyHOK 2A). OOIIce KONMMIECTBO BUOPHCC, HehaeKITHs
KOTOPBIX BbI3bIBaNa 3HauuTenbHoe (P<0,05) yBemmuenne MHA, cocrasmio 8,7+1,7.
B cpennewm, 4,8+0,8 CB BeisBaio MHA, mo BenW4wuHE NMPEBHIIIABIIYIO TTOJIOBUHY
0TBeTa, BbI3bIBaeMoro ctumyisiiueir OB (Pucynok 2B)
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BospacrT, ageHb BospacT, aeHb

Pucynox 2 — Bo3pacTHast 3aBHCHMOCTb CHJIBI OTBETA IIPH CTUMYJISIIUI OCHOB-
Hoit Budpucce (OB) u cocennux Budpuce nepsoro (CB1) u Broporo (CB2) mopsinka
A — Boszpacrnas 3aBucumocts MHA, HopmanuzoBannoii no OB (CB1/0OB
o0o3HaueHo cuHuM 11BeToM, CB2/OB — 3esnenbIM), a Takke MojenbHasi GpyHKIus
9KCIOHCHIIMAIBHOTO CIIa/la, OMHICHIBAIOIIAS JaHHYIO BO3PACTHYIO 3aBUCUMOCTb COOT-
HolIeHNH. KpymHbIMH CHMBOJIaMU 0003Ha4€HO YCpEeIHEHNE 3HaYeHHUH B IBYX BO3-
pacTtHbIX quana3zonax PO-1 u P2-7, npu 3ToM OTpe3KH cBepXY yKa3bIBalOT Ha CPaBHU-
BaeMbIC 3HAYCHUS U JIOCTOBEPHYIO pas3HHIly Mexay HuMu (N = 29 kpsic, **p<0.01).
b — BospactHas 3aBucuMocTh KonudecTBa CB, 0TBETHI Ha CTUMYIALINIO KOTO-
PBIX COCTABIISUIN 110 MOIITHOCTH OOJIee MOJIOBUHBI OT OTBETOB, BEI3BAHHBIX CTUMYJISI-
et OB. KpymHbIME cMBOTaMu 0003HAYEHO YCpEIHEHHE 3HAYCHUH B IBYX BO3-
pacTHbIX quanazoHax PO-1 u P4-5, mpu 3TOM 0Tpe30k CBEpXy YKa3bIBaeT Ha CPaBHH-
BaeMble 3HAUECHHUS M JJOCTOBEPHYIO pa3HHIly Mexay HumH. (N = 29 kpsic, **p<0.01).

IMocTHaTanbHas cerperauusi peuenTuBHbIX noJiei

Juddy3Hple npoeKiyu, KOTJa HECKOJIbKO BHOpPHCC INPOEHUPYIOT B OJUH
KOpTI/IKaHBHHﬁ Y4acCToOK, Ha6J’IIO,I[aIOTC$I TOJIBKO B IEPBBIC IBA AHSA ITOCIIC POKACHUA.
Haunnas C p2-3 . MIPOABJIACTCA B3pOCHBIﬁ THUIT BBI3BAHHOI'O OTBETa -
CerperupoBaHHbIil THN perenTuBHBIX moinei (Simons D.J. Response properties of
vibrissa units in rat SI somatosensory neocortex // J.Neurophysiol. — 1978. — V. 41. —
P. 798-820; Armstrong-James M., Fox K. Spatiotemporal convergence and
divergence in the rat S1 "barrel" cortex // J.Comp Neurol. — 1987. — V. 263. — P. 265-
281; Roy N.C., Bessaih T., Contreras D. Comprehensive mapping of whisker-evoked
responses reveals broad, sharply tuned thalamocortical input to layer 4 of barrel
cortex // J.Neurophysiol. — 2011. — V. 105. — P. 2421-2437), tne omxa Bubpmucca
MPOENHPYeT JHIIb B CBOE MPEICTaBUTEIBCTBO B OappenpHOil kope. Bo-mepBrIx, 310
BeIpaxkaeTcs B ymeHbmiennn MHA B cootHomenusx CB1/OB un CB2/OB no
0,17+0,01 wu 0,1+0,02, coorBercTBeHHO (PucyHox 2A), mpum STOM B OTBETax
Ha6n}o,uaeTc91 OoubIas OpeANnOUYTUTCIILHOCTE K CTUMYJIAIIUU COCCAHUX BI/I6pI/ICC 10
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psany (IO TOpW3OHTANM), HEXENMW MO apke (Mo BepTHKamu). Bo-BTopeix, obmiee
KonmdecTBO BHOpHcC, Be3BIBatomux MHA, ymenpmaercs no 6,4+0,5. B-tpersux,
MIPAKTHIECCKH MOTHOCTHIO AMUMUHHUPYIOTCS OTBETH 0T CB, KOTOpBIE coCTaBisiI OB
no BenuuuHe Oojee mojoBuHEI 0T MHA oTBeTOB, BBI3BaHHBIX cTUMYyJsiuueid OB
(n=21; xpsicsl P2-7; PucyHnok 2B).

Peructpauust enuauunbix IIJ[ ¢ moMouipl0 TETPOAOB MOKa3ajla CXOJHYIO
KapTHHY pa3BUTHUS PELENTHBHBIX IOJEH B MOCTHATAIBHBIH HEPHOJ: PELECNTHBHBIC
HOJISL KJIaCTEPOB €JMHUYHBIX MOTCHIMAJIOB JieicTBIA B Bo3pacte PO okazanuch mmpe,
yeM B Oornee mo3aHeM Bo3pacte P5. YV kpricsaT B Bo3pacte PO-1 oTBeTHI, BRI3bIBacMEIe
crumyisinueirn OB, IOCTOBEpHO HE OTIMYAINCH OT OTBETOB, BBI3BIBACMBIX
cramysinueir CB1 (0,7£0,2 I1d/otBer; n=6 IIJ] ot 2 xpeicar PO-1; p>0,05). ¥V
KpeICAT B Bo3pacte P4-5 otBers, BeBBIBacMble crumyismmeir OB (1,9+0,9
[11/oTBeT), CTaHOBHJINCH JOCTOBEPHO CHJIbHEE, UYEM OTBETHI, BBI3EIBACMEIC
crumymsuueir CB1 (0,37+0,1 T1I/otBer; n=10 IIJ ot 2 kpeicar P4-5; p<0,001)
(Pucynok 4).

A b
92 g
M3 — o
KM(I1-IV) 1 E
VIVI %

PO P4-5

Pucynox 3 — Peructparust equangHbIX 11]] ¢ MOMOIIBIO TETPOIOB IIPU CTUMY-
s OB, CB1 u CB2
A — Cxema BHeknneTouHOH peructparu MHA B KOpTHKaIbHOM IIaCTHHKE
(wu IV cnoe kopsl) 4-KaHAIbHBIM 3JIEKTPOJIOM TETPOIHON KOH(PUTYPAIHH.
M3 - maprunanshas 30ua, KII(I1-1V) - 061acts Gopmupyromuxcs 2-4 cioes B
KOpTHKaIbHOW TacTuHke, V/VI - 5/6 cion KopsL.
b — Ycepennennoe xonuuectBo eanHUYHBIX [1]], BO3HUKABIINX B OTBET HA
crumyssanuio OB u CB1 st Bozpactaeix rpymm PO (n=6 kinactepos, p>0,05) and
P4-5 (n=10 xnacrepos, p<0,001). ieHTpe - rucTorpaMMa yCpeHeHHBIX eIMHUIHBIX
I1J] nist Bo3pacTheiX rpymm PO (n=6 knactepos, p>0,05) and P4-5
(n=10 knacrepos, p<0,001).



15

A
PO P5 m P5 @
= =
) |0‘SMB —_— A1 A2 A3 A4 EO[ A1 A2 A3 A4 EO[
B1 B3 B4 E B1 B2 B3 B4 =
TRy o RS BRs c3 c4 8 c1czcsc4
Py "Ip1Dp2 D3 D44l D1 D2 D3 D4 P
s —_— —
R o E1 E2 E3 E4 - -
Bpemsi, mc Bpewms, mc 0 0

Pucynox 4 — Enunnunste I1]], 3apeructpupoBaHHbIE ¢ IOMOIIBIO TETPOJIOB
npu ctumyisaiuu OB, CB1 u CB2.
A — Ilpumepsr hopM enuanuHbIX [1]], npuHamIeKANUX OJHOMY KIIacTepy, B
koprukanbHoii wiactuake (PO) u B IV cinoe 6appenbsHoit kopsl (P5) y kpsic.
b — LIBeToBBIE MaTpUILIBl PELIENTUBHBIX MOJIEH KIacTepoB eluHUYHbIX [1]1,
MIPUBEACHHBIX CJIEBA.

Takum o0Opa3oMm, penenTuBHBIE IOJS B OappenbHOH KOpe B Iporecce
Pa3BUTHUS MPOXOIAT yepe3 cramuio Mud(y3HOH OpraHW3alny, XapaKTEePHU3YIOMEHcs
LIMPOKOM HACTPOMKOM, KOIZla KOPTUKAIbHBIA HEMPOH I10JIy4aeT CEHCOPHBIM BXOJ OT
HECKOJIbKMX BHOpHCC, OJHAKO uepe3 2-3 aHSA Tmocie poxaeHus auddysHas
OpraHu3alus CMEHACTCS CETPETHPOBAHHBIM  COCTOSHHMEM, KOIJa  HEHUPOHBI
MPENMYIIIECTBEHHO HACTPOCHBI Ha OJJHY OCHOBHYIO BUOPHCCY.

IlocTHaTanbHass cerperauuMsi MNPOEKIUOHHBIX TMoJiell BuOpucc B
OappesbHOI KOpe Y HOBOPOKAEHHBIX KPbICAT

AKTHBaIMsI KOPTHUKAJIBHBIX HEWPOHOB CTUMYISALMEH pPa3IMYHBIX BHOpHCC
MOAPa3yMEBAET, YTO y HOBOPOXKAECHHBIX KPBIC CEHCOPHBIN BXOJ OT OXHOW BHOPHUCCEHI
aKTHBUpPYET OOINBINYI0 KOPTHKAJIbHYIO TeppHTOpHIO. UYUTOOB NpPOBEPHUTH 3Ty
TUNOTE3Yy, M PETrUCTpaliM OTBETOB MpPH CTUMYJSIIMKM OJHONH BHOPHCCHI
HCIIOJIB30BAINCh MHOTOIUIEYEBHIE MHOTOKaHAJIBHBIE JIEKTPOBI ¢ paccTrostHueM 200
MKM Mexy miedamu (PucyHok 5A).

A b Ctumyn OmKm 200MKkM 400MKM
PO  MHA __EU| i ‘ | gL
400MKM——>
200mMKM—> nnn | 2soms
200mc
M3 &
KN(l1-1v) = TMMYn Omkm 200MKM 400MKM

VIVI PS5 MHA Wl .ume,m.,m "LW‘M"”"‘ i
nnn

200 mxB
200mc
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Pucynok 5. KopTukansHble MPOSKIIMOHHBIC TOJIST BUOPHCC B OappesbHOM Kope
Y HOBOPOJKI€HHBIX KPBICST
A — Cxema peructpanui MHA ¢ mToMOIIp0 BHEKJIETOYHBIX MHOTOTUICYEBEIX
MHOT'OKaHAJIBHBIX 3JIEKTPOAOB (TOPU30OHTAIIBLHOE PacCTOsHUE Mexay tuiedamu 200
MKM). M3 - maprunanshas 30Ha, KII(I1I-1V) - o6nacts hopmupyromuxcs 2-4 cioes B
KOpPTHKaIbHOH miacTunke, V/VI - 5/6 ciou kopsbl.

b — IIpumeps! 0TBETOB, 3apETHCTPUPOBAHHBIX MTOJJOOHBIMH 3JIEKTPOJIaMU B
KOPTHKaJILHOM IJIACTHHKE Y KpbICeHKa B BozpacTe PO (HaBepXy) U B rpaHyIIsSIpHOM
cioe OappenbHOI KOPHI Yy KPBICEHKA B Bo3pacTe PS5 (BHM3Y) pH CTUMYIISIIHH
BrOpuccH B3 (MOMEHT OTKIOHEHHS BUOPUCCH 0003HAYEH KPacHON BEepTHKAIEHON
nHAel). YepHBIM 11BeTOM npeacTaBieHsl oTkioHerns JIIIII, a MarmHOBEIE IITPHXH
Hax ymauei JITIT orobpakaror MHA (KaX bl IITPUX COOTBETCTBYET OTHOMY
3aperuCTpUPOBaHHOMY BHEKineTouHOMY I1]T).

CHavana Mbl aHaJM3MPOBAIN PELENTHBHBIC MOJS JUIS KaKAOro IJiedya dJeK-
TpoJa B OTIEJIHOCTH, KaK ONHMCaHO BBIIIE, a 3aTEM CPaBHHMBAIN OTBETHI, BbI3bIBAC-
MBbI€ CTUMYJISILIMEH 0JJHOM BUOPHUCCHI HA Pa3HbIX IUIEYaX AJICKTPOJA.

VY xpsicaT B Bo3pacte PO-1 MHA, BbI3BaHHAs CTUMYJISIIMEH OJTHOI BUOPHCCHI,
HaONromaimack B MHOJXKECTBE yd4acTKOB OappempHOW kopel (Pucynokx 5B).
KopTukanapHOE IPOEKIIMOHHOE TOJIE OJJHOM BHOPHCCH OIIEHUBAIOCH KaK PACCTOSHUE,
Ha KOTOpPOM HaONfomancs TOJIOBHHHBIA OT MakcumansHoro oteer (III150) wm
cocraBmio 240422 mxm y kpeicat PO-1 (n=8). B xoxe co3peBaHMs MPOESKIMOHHOE
noJie BUOpHUCCH cxkumaercs 10 159+6 mxMm B Bo3pacte P2-7 (n=21). (PucyHok 6A).
Takum 06pa3oM, B COOTBETCTBUH ¢ Teopuel nnud¢y3HON HACTPONKH KOPTUKAIBHBIX
HEWPOHOB OJTHOTO KOPTHKAJIBHOTO y4acTKa KOPbl HA MHOXECTBO BUOPHCC, B paHHEM
MOCTHATAJIBHOM MEpPHOJE BXOJbl OT OTAEIBHBIX BHOPHCC TPENCTABISIOT COOOM
HIMPOKHE KOPTUKAIbHbIE MPOEKIMOHHBIE Mojsl. bojee Toro, cxomHele mnpodunm
pa3BUTHA XapakTepHBl Kak Juid TNpoeKUHoHHBIX (Pucynox 6B), Tak u g
penenTHUBHBIX noJei (PucyHoK 2).
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Pucynok 6 — [TocTHaTambHas cerperaus MPOSKIIMOHHBIX MOJIeH BUOPHCC B
GappenbHON KOpE y HOBOPOXKICHHBIX KPBICAT
(A) KopTukansHbIe IPOEKINOHHBIE TIOJIA y KPBICAT B Bo3pacte PO u P5. Pazmep
npoekuuoHHbIX nojnei (III150) onenuBancs nepecedueHreM KpHBOi
HOpMaJN30BaHHON I0oTHOCTH MHA 0TBETOB ¢ MOPOTOBBIM YpOBHEM, PaBHEIM 50%
0T MakCUMaJBHOTO OTBeTa (0003HaueHo cTpeinkoit). (b) Bo3pactHas 3aBrucumocTsb
pa3MepoB NMPOEKLUOHHBIX MOJIEH, MpeCTaBICHHas B BUJE JUarpaMMBbl pa3maxa, IJie
MeHaHbl 0003HAYCHBI KPACHBIM [[BETOM (N=29 KPBICAT).

Cerperanusi CHHAaNITHYeCKHX BX0/J0B B Npoliecce pa3BUTUS

UYroObl HCCIEAOBATh CHHANTHYECKHE MEXaHMW3MBI, JIC)KAIIUE B OCHOBE
resepanuy TUQQy3HBIX OTBETOB y HOBOPOXICHHBIX KPBIC, MBI MPUMEHWIN METO
whole-cell perucTpanue KOPTHKalIbHBIX HEWPOHOB B IUIOTHOW KOPTHKAJIBHOU
iactuHke (PucyHok 7A).

B Bo3pacre PO-1 ctumyssiuust OB BbI3bIBajza BCILIECKU IITyTaMaTepruyecKux
B030yxnaronux nocrcuHantuieckux TokoB (BIICT) (Pucynok 75). O6uuii nepenoc
3apsAa BO BpeMs CHHaTHYECKUX OTBETOB, BBI3BaHHBIX cTUMYanueii OB, cocraBui -
5,943,6 I1IKx na norenumane gukcammu -70 MB (n=6; Pucynok 7B). Kak u B ciyuae
BHEKJICTOYHOH pETUCTpaly, CTUMYJSIIHUS CcocemHHX BHOpucc y kpsicat PO-1
BBIIBIJIA LIMPOKHE PELENTHBHBIC IO BO30YXIAIOIINX CHHANTHIECKUX OTBETOB,
IIpU 3TOM HMHTErpajbHBIA OTBET, BbI3BaHHBIN ctuMymsauueid CB1, cocrasun -1,4+0,6
[IKn (34£10% ot orBeTa, BeB3BaHHOTO cTHUMysinueir OB; n=6). Y >XHBOTHBIX
HocTapiie 3aJepkKKa CHHANTHYECKUX OTBETOB, BBI3BAHHBIX cTUMYyssinued OB,
cokpatminack a0 49+3 wMc, Torma Kak HMHTErpalbHBIA CHHANTHYECKHH OTBET,
BBI3BaHHBIN cTuMynanueit OB, yemmuwmics no -17,142.3 1K, a 0TBETHI, BEI3BaHHbIC
ctumynsinueit CB1, cocrasunu -2,2+0,6 [1Kn (n= 13 knetok; kpeickl P4-7, PucyHox
7B).

A Whole cell b YcpeaHeHHble BIMCT  PeuenTuBHble nons
perucTpauus
c1 c2 c3 \ﬂA
= L as +—- 1c g
M3 P1 Sg:
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20 s —+—i— X :
2 @ D1 D2 D3 ' % E
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Pucynox 7. Cerperanust CHHaNTHYECKHX BXOJIOB B IIPOLIECCE PA3BUTHS
A — CxeMa BHYTPHUKJIETOYHOH PETHCTPANH IEKTPUIECKUX TOKOB B KOH(H-
rypamuu Whole cell. M3 - maprunansuas 3ona, KII(I1-1V) - o6nacts hopMupyrommx-
cs1 2-4 cioeB B KOPTUKaJIBHOM tutactuke, V/VI - 5/6 cion Kopsl.

b — Ycpennennsie BbI3BaHHbBIE BO30YXKIAtONHE TTOCTCHHANTHYECKUE TOKU
(BIICT), 3apeructpupoBannbie MeTonoM whole-cell perucrparum ssekTpudeckoi
AKTHUBHOCTH HEHPOHOB KOPTUKAIBHOM IIACTUHKY WM TPAHYJISIPHOTO CJI0s1 Oappeib-
HOH KopsI (moteHnuan gukcamu -70 MB), 1 cOOTBETCTBYIOIIIME UM IIBETOBBIE MaT-
PHIIBI pEIIETITUBHBIX OJIeH y KphIcAT B Bo3pacte P1 u P6.

B — Ycepennennsie 3nauenus BIICT, Be3Bannbx crumyssinueii OB u CB1
JUTS IBYX BO3PACTHBIX Ipymil KpeicaT: PO—1 (n=6 xierok) and P4-7 (n=13 kieTok).

Takum o00pazoM, [UIl CHHANTHYECKUX PEHENTHBHBIX IIOJICH €IMHUYHOTO
KOPTHKAJILHOTO HEWpOHA TOXKE XapakTepeH Inepexo] oT AU QPYy3HOro COCTOSIHUS Ha
P0O-1, xapakTepu3yoOLIerocs MOIIHBIMH  BO30YXKIAIONUMH  CHHANTHYCCKUMU
OTBETaMH OJIHOTO HEHpOHAa Ha CTHMYJSILMIO pa3HbIX BUOPHUCC, K COCTOSHHIO
cerperanyy, XapakTepuU3ymoleMycs IpeoOjaJaHueM  OTBETOB,  BBI3BaHHBIX
ctumyisanueit OB, nepen oTBeTaMH, BBI3BaHHBIMU cTUMyJIsinueit CB.

YacToTHOE KOAUPOBaHUE B 0appe/ibHOM KOpe HOBOPO:KIEHHBIX KPbIC

YroObl 0XapaKTepH30BaTh YAaCTOTHYIO COCTABIIONIYIO 3JICKTPHUYECKOH
AaKTMBHOCTH, BO3HHUKAOWIEH TP  CTUMYJSIIMKM  BHOpHCC HAa  MOpJOYKE
HOBOPOX/ICHHBIX KPBICAT, MBIl HCCIJEIOBAIN OTBETHI, BBI3BIBAEMBIC B OTICIHHOM
KOPTHKAJIbHOW KOJIOHKE COMAaTOCEHCOPHOM KOpbI HOBOPOXIEHHBIX KpPBICAT (B
NPE/ICTABUTENBCTBE  BUOpHCC)  CTUMYyJsiMeid  Tomorpaduueckux  (OCHOBHOM
BUOpHCCHI) 1 HeTonorpaduueckux (CocenqHUX BUOPUCC) BXOAOB C MOMOLIBIO METO/Ia
BHEKJIETOYHOM perucTpanuu iN  ViIVO MHOTOKAHAIBHBIMH  3JIEKTPOJIaMH  Ha
KpeMHHUeBOU moanioxkke (n=44 xpoiceHka B Bo3pacte P2-P7) (Pucynox 8).
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Pucynok 8 — BHekneTouHas peructpamnus HeipoHaIbHOW aKTUBHOCTH B OT-
JIENbHON KOPTUKAIBLHONW KOJIOHKE
(A) Cxema 3KcIieprMeEHTa U IPOTOKOJIBI CTUMYJISIIIAN: KPaCHBIM 0003HaYeHA
crumyssinus OB, cuaum — CB, 4épHBIM — BUOpHUCC, HE TO/IBEPraBIIMXCS
ctumyisanun. (b) M3o0paskeHue perucTpupyomero suHeiHoro 16-kaHaabHOTo
3neKTpoa, HanoxeHHoro Ha Clip2-okpallieHHBIH Cpe3 cOMaTOCCHCOPHO# KOpsL. (B)
CeHCOpHBIif OTBET, BHI3BIBAEMBIH CTUMYIISILIEN OCHOBHOM BuOpHcchl C2 Ha pa3HOH
riyOuHe KopTHKaiabHOU KoioHKH C2. JlokanbHble nonieBble notenuuans (JIITIT)
MIOKa3aHbl YEPHBIMHU JIMHASMH Ha ()OHE [[BETOBOI KOAMPOBKH INIOTHOCTU HCTOYHHKA
TokoB. [Torenrmanst neticteust (I1]]) 0603HaueHbI KpaCHBIMHE IITpUXamu. Pia —
MsTKast Mo3roBasi obomnouka, L1 — | cnoit xopsl, SG — cynparpanynsapasrii cioit (11 u
Il cton), Gr — rpanynspHsrii cioi (1V crnoii),
IG — undparpanymsapusii cioit (V u VI).

Ilocne pasmemeHust 16-kaHanbHOTO d3JEKTpojda (PacCTOSIHUE MEXITy
anekTpogamMu 100 MKM) HEpHEeHANKYIISIPHO TTOBEPXHOCTH KOpBI Ha riiyOuHy 1,5 MM
MBI IIPOU3BOANIN perucTpanuro AKTUBHOCTH, BBI3BIBAEMOM MeXaHU4YeCKOMH
nedIeKIueit pa3IHYHBIX BUOPHUCC (C MOMOIIBIO Mbe30aetIICKIIUU OO0 KOPOTKHUX
TOTYKOB BO3AyXa dYepe3 MHHHATIOPHYIO TpyOKy). IIpOTOKONBI CTHMYIAIMH
NpUBEICHH Ha pUCYHKE 8A, a Ha PHCYHKEe 9 IOKa3aHBI NPUMEPHl OTBETOB MpPH
pa3HBIX MPOTOKOJAX CTHMYILIIUH. B Xome oxHo#t ceccum Mbl cHEMand no 50-100
OTBETOB Ha KaXIBIH BUA CTUMYJSAIHA. B COOTBETCTBHHM C pe3yibTaTaMH
npensiaymux uccienosanuii (Early gamma oscillations synchronize developing
thalamus and cortex / M. Minlebaev, M. Colonnese, T. Tsintsadze, A. Sirota, R.
Khazipov // Science. — 2011. — V. 334. — P. 226-229), cTumyisis OCHOBHOMH
BI/I6pI/ICCI)I BbI3bIBAJIa TaMMa-OCHUIIIALMHN, KOTOPBLIC JIWJINCh HECKOJBKO COTCH
MUJIIUCEKYH.
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Pucynox 9 — Ilpumeps! oTBeToB C3-KOPTUKAIBHOMN KOJOHKHU, PETUCTPUPYE-
MBIX 16-KaHaJIBHBIM 3JIEKTPOIOM, IPU Pa3HBIX MPOTOKONAX CTUMYJISIIIMU: OCHOBHOM
BuOpuccel C3 (A), Bcex Bubpucc (b), oanoii u3 cocennux Budpuce (B), Bcex-kpome-
ocHoBHo# Budpucce (I') — Bubpucca C3 mpu 3TOM cripsiTaHa OT IOTOKA BO3/lyXa B

CTEKJITHHYIO TPYyOOUKY.

[pumeuanue: JlokanpabIe moneBbie ToTeHnuank (JIIIT) moka3zaHbl YepHBIMU
JVHUSIMHA Ha (OHE IIBETOBOM KOJUPOBKU INIOTHOCTH UCTOYHHUKA TOKOB. IloTeHIMab!
nevictus (I1/1) 0603HaYeHB! KPaCHBIMHU IITPUXaMHU. BepTHKaIbHbIE THCTOTPAMMBI
oTpaxkaroT mioTHOcTh MHA Bo Bpems ceHcopHoro noteriuana (CI1, ooBenén
ITyHKTHPHOI JTHMHMEH Ha 3aIICsX CcIeBa) U 3a Bpems Bcero oTBeTa (500 Mc mocne

oJ[a4yu CTUMYJIa)

IloTenmmansl AEHCTBHS KIETOK TPAHYISAPHOTO CIIOS 3TOW KOJOHKH OBLTH
CTPOro MPUBSI3aHbl BO BPEMEHU K HEraTUBHBIM IlJleyaM ramma-ocuuusinuuu. Henpe-
PBIBHBIN YaCTOTHO-BPEMEHHOM aHaIN3 (BEHBIET) JTOKAIBHBIX [TOTEHIHAJIOB TOKAa3al,

YTO BBI3BAHHBIC CTHMnyIHHeﬁ OCHOBHOH BI/I6pI/ICCH OTBETbl UMCHOT NOMUHAHTHYIO

YacCTOTy B raMMa-Jdaria3oHe BO BPpEMs BCETO OTBETA (PI/ICYHOK 10)



21

OcroeHas Buopucea ||[|| Bee-kponme-ocroBroi suopuccs ||]|| Bee enopuccst |||

100 =

100

100 2

(Hz) (Hz)
50 P10 50

(Hz)

Mo
0-3(c)

100 0.1 0.2 OC!O 100 0.1 0.2 03IO b
3 : 3©) ; ; 3(0) 0 0.1

0.2

Pucynox 10 — HenmpepsIBHBIN 4aCTOTHO-BpPEMEHHOI! aHa/IN3 (BEMBIET) CEHCOPHBIX
OTBETOB B I'PaHYJISIPHOM CJIO€ OJHOH KOPTHKAJIbHON KOJIOHKH IPU CTUMYJISIUU pas3-
JINYHBIX CEHCOPHBIX BXOOB

Drta raMMa-oCIWUIAIUSA epeMeKanach ¢ 0omnee ciaabol OCHUIUIATOPHON ak-
TUBHOCTBIO B OoJiee HIBKUX (anmbda/bera) gacToTax. Jedrreknnn oMMHOYHBIX CMEX-
HBIX BUOPHCC BBI3bIBAJIA JIMIIIb TACCHBHO MPOBOISIIUECS raMMa-OCIMIUISIIUN U Clia-
OyI0 HHU3KOYACTOTHYI) aKTUBHOCTh. CTHMYJISIIIASL BCEX BHOPHUCC TONYKOM BO3/yXa,
HAIpPaBICHHBIM Ha BCE BUOPHCCHI (B TOM YHCIIE M HA OCHOBHYIO), IPUBO/IMIIA K HOSB-
JICHUIO OCLHUIUIATOPHOW aKTUBHOCTH, MMEIOILIECH MHUKMA KaK B TaMMa-, TaK U B ajb-
(ha/Oera- nuanazonax. Bo30yxneHne HEHPOHOB OBLIIO MAKCUMAIILHBIM IIPH CTUMYJIS-
UM OCHOBHOUN BHOPHCCHI M TPH CTUMYJIIIIMKA BCEX BHOPUCC W 3HAYUTEIBHO HUKE
MPU CTUMYJISIIIK COCEIHET0 M BCEX-KpOoMe-0CHOBHOM Bubpucce (Pucyrok 10).
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Pucynok 11 - Bo30OyxxaeHne HeHpOHOB cl10s 4 OIHOM KOPTUKATBHOM KOJIOHKU
B OTBET Ha Pa3JIMUHBIEC BUABI CEHCOPHOI CTUMYIISIIMU
IIprumeuanne: CTaTUCTHYECKHE JaHHBIE TIPEACTABISIIOT yCPEeTHEHNE (+ CTaH-
JIapTHYIO AeBUanuio) no 44 xuBotHbM (P2-P7) U1 cTUMyIISIIIMM OCHOBHOM M cocen1-
Heii Bubpucc (OB n CB, cooTBeTcTBeHHO), 27 CO CTUMYJIsIIMEN Bcex BUOpHcC U 7 co
CTUMYJIALIMEN BCEX-KPOMe-0CHOBHOM BHOpHcC. JI0CTOBEpHOCTH pa3nydunii MExXIy
Pa3IMYHBIMH YCIIOBHSIMH MOKa3aHa HaJl KOJOHKaMHU.

Hamu Taxoke ObUT IpOBEIEH aHAN3 KOTepeHTHOCTH Mexay MHA HeipoHOB
TPaHYJSIPHOTO CJIOS M JIOKAJIFHBIM BHEKJIETOUHBIM NoTeHnuanoMm (Pucynox 12), ko-
TOPBI BBISIBHJI YAWBHUTEIBHYIO 3aKOHOMEPHOCTB: B TeX CIIydasxX, KOTJa IMPOU3BOIN-
JIach CTUMYJIALINS TONOTpadIecKoro BXoaa (0CHOBHON BHOPHCCHI), MK KOT€PECHIINT
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MEXIy BHEKICTOYHBIM IOTECHIHAJIOM M BHEKJICTOYHO 3aperucTpupoBaHHbIMU I1]]
HEeHpOHOB HaXOAWJICS B FaMMa-IHalla30He, B TO BPeMs KaK MPU CTUMYJISIIUH COCElI-
HHUX BHOpHCC (IT0 OTIEIHHOCTH WIH B PEKUME BCE-KPOME-OCHOBHOM BHOPHCCHI) MaK-
CUMalibHass KOTCPEHTHOCTh HAaOINIoJalach MPEUMYIICCTBEHHO B anbga/Oera-
JMana3oHax.

A op Y B op Y

| OB |
I Bce BrOpHCCHI |

KorepeHTHOCTE
KorepeHTHOCTB
o
(5}

I ]

L 20 40 80 &0 100

Yacrota, 'y YacroTa, 'y
Pucynox 12 — KorepeHTHOCTh MEX/y JTOKaJIbHBIM MTOJIEBBIM TIOTECHLHAIOM U
MOTEHIMAIaMU ACHCTBHS HEHPOHOB B 4-M €J10€ KOPTUKAJIBHON KOJIOHKU IPHU pa3iny-
HBIX PEKUMAX CTUMYIISLUH
[Ipumeuanne: CtaTuCTHYECKUE AAHHbBIE IPEACTABISIIOT YCpeiHeHnE (+ CTaH-
nmaptHas nesuanus Jxexnaiida) mo 44 xuBoTHEIM (P2—P7) mius ctuMynsamum oc-
HOBHOT'O U COCEZJHETr0 BUOpHcCC, 27 CO CTUMYJIISIINEH BCEX BUOPHCC M 7 CO CTUMYJIS-
el BceX-KpoMe-OCHOBHOTO BUOpPHCC.

Ctumymsnus BceX BHOPHCC CONPOBOXK/IANACh HAJTMUYMEM IHKOB BBICOKOW KO-
TepeHTHOCTH KaK B anb(a/Oera-, Tak ¥ B raMMa-4acToTax, Mo-BHIUMOMY, B Pe3yJb-
TaTe HaJOXKEHHs JABYX IPOIECCOB - TONOrpaduueckoii raMma- ¥ HeTONorpaduuCccKon
anbda/ Gera-ocumuAnuil. B pesynbTaTe KOrepeHTHOCTh B raMMa-Anana3oHe CHelu-
¢uuHO Bo3pactana npu ctumyisinni OB, Torna kak oHa OblIa HAaWBBICHIEH B alb-
(ba/bera- muanasoHe MU CTUMYISLUA MHOXKECTBEHHBIX CB. DTH HaOmo1eHNs TaKkxKe
MOJHMUMAIOT BOIIPOC O TOM, KAaKUM 00pa3oM ramma- U anb(a/0eTa-oCuuUIIIIN B3an-
MOJICHCTBYIOT JIPYT C APYTOM, U B YACTHOCTH, KAKHUM 00pa3oM IIPOMCXOIUT MOJyJIs-
M TaMMa-aKTHBHOCTH Ooyiee MEJICHHBIMM YacTOTaMH B KOHTEKCTE 0OpabOTKH
nHpopmanuu npu ctumyisinua OB u CB.

JlaHHBIE pe3ynbTaThl YKa3bIBAIOT Ha TO, YTO CEHCOPHBIM BXOJ OT BHOpHCC Ha
MOpA€ K KOPTHUKaJbHBIM KOJOHKaM y P2-P7 xkpreicaT yxe Tomorpadudecku
OTpaHMYEH ¥ BBI3BIBACT CHENU(DUIHYI0 AKTUBHOCTh B OTAEIBHBIX KOJOHKaxX
MOCPEICTBOM OCIIUIANNI B TaMMa-nuana3one. Hanporus, ansa/6era-ocunsinmy,
IIMPOKO  HaOdIojaromiyecss B COMAaTOCEHCOPDHOW M 3pUTENBHOH  Kope,
CBUJIETENILCTBYIOT O MEXXKOJIOHKOBOH MHTErpallud MHOKECTBEHHBIX CEHCOPHBIX
BXOJIOB. OTHM HaOJIOAEHHUS YPE3BBIUYAHHO HHTEPECHBI B IUIAHE CHHANTHYECKOH
IUIACTUYHOCTH, MOCKOJIBbKY PUTMHUYECKAs CTUMYJISILUA B TaMMa-Iuana3oHe IpUBOJIUT
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K JOJITOBPEMEHHOW NMOTEHIUALMH TaTaMOKOPTHKAJIEHBIX CHHAIICOB BO BPEeMsI IIEPBOI
HelelMu TOCiIe POXIOCHHA, a CTUMYILIIUS B anb(a/Oera-Iuama3oHe HPUBOIUT K
nonroBpeMenHo# nenpeccun [Minlebaev et al., 2011]. Takum 00pa3oM, MOXHO
MPEAINOI0KUTh, YTO Pa3BUTHE TOMOIpapUUECKUX CBS3EH MEX/y TalaMycoM U KOpou
obecrieynBaeTcss OSTUMU JBYMS THIAMH OCHWULILMN: TraMMa-OCHWUIIHIMH,
KOTOpBIE CHEUU(GHUYHO BBI3BIBAIOTCS IIPHU aKTHUBALMU TONMOrpaduyeckoro BXoja MU
CIOCOOCTBYIOT €ro TOTEHIHMalMM C TOcleaylouleld KOHCONMAAUMeld 3ThX
TonorpauYecKux TallaMOKOPTUKAIBHBIX CHHAIICOB, M alib(a/0era-oCumIsIIUsIMY,
KOTOpbIE aKTHBUPYIOTCS IIPH CTHUMYJALUH HETOIOrpaguieckux BXOIOB (OT
COCEIHUX BHOPHCC) M NPHBOIAT K ACTPECCHU U IOCICAYIOMIEMY YCTPAHECHHIO 3THX
abeppaHTHBIX HETOMOTPA(PHICCKIX CHHATIICOB.

3AK/IIOYEHHUE

Bo Bpems nepBrIx AByX nHeilt mocie poxaeHus (P0-1) ctumymnsimus cocemHnx
CCHC.BXOJOB BBI3bIBAJIa HEHPOHAIBHYIO aKTHUBHOCTh B OJHOM M TOM JK€ YYacTKe
perucTpanuu, TOrJa Kak Ha Oosee mno3aHux Bospactax (P2-7) otBer B
perucTpupyeMoil obsiacTd OappenbHOW KOphl BO3ZHHMKAJl Ha CTHMYJIILUIO TOJIBKO
OJIHOT'O CEHCOPHOT'0 BXO/1a.

B Bo3pacte PO-1 penentuBHBIE MOJII HECKOJIBKHAX COCETHUX CEHCOPHBIX
BXOJIOB TIEPEKPHIBAIOTCS B OAHOM KOPTHKAJIbHOM YYacCTKE, T.€. PEIENTHUBHBIC OIS
HOcAT nuGQy3HBII XapakTep, B TO BpeMs Kak, HauumHas ¢ P2-3, mposBiseTcs
B3POCIIBIH THIT BBI3BAHHOTO OTBETA, IJIE OJJMH CEHCOPHBIN BXOJ MPOCHUPYET JINIIb B
CBOE TNIPEJICTaBUTENILCTBO B OAppeNIbHOM Kope.

AHaNOrMYHBIA BO3PACTHOM NpOQMIb XapakTepeH W Ul Pa3BHBAIOIIMXCS
CEHCOPHBIX BXOJIOB, KOTJIa DPaHHUHA IOCTHATAJIbHBIM NEPHOJ] XapaKTepu3yercs
JTUBEPTeHTHBIMH CEHCOPHBIMH TPOEKUUSIMH Ha HeokopTekc. OgHako B Xofe
CO3peBaHMs NPOEKIUOHHBIE OIS BUOPUCC TAKKe CErperupyroTCs, YTO MOXKET ObITh
OOBSICHEHO MPHUCYTCTBHEM JIBYX YHHKAJbHBIX PUTMOB AaKTHBHOCTH, CBSI3aHHBIX C
TOMOTPa(pUIHOCTEIO CEHCOPHOTO BXOJa M, KaK H3BECTHO, aKTUBUPYIOIINX
MPOTHUBOMOJIOKHO HANpaBJICHHBIE MEXaHU3MbI IUIACTUYHOCTH. COOTBETCTBYIOMINI
CEHCOPHBIH BXOJ] KOAMPYETCS raMMa-4acTOTOH, B TO BpeMsi Kak anbga-Oera-
AKTMBHOCTH OBbIJIa acCOIIMMPOBAaHA C aKTHBAIMEH HETONOrpaMYeckux CEHCOPHBIX
BXOJIOB.
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BbIBO/JbI

1. Bo Bpems nepBeix aByx aHei mocie poxkaeaus (PO-1) ctumynsmust pasHBIX
BHOpHCC BBI3bIBAJIA B KOPTHUKAJIBGHON IITACTHHKE 3JCKTPHYECKHH OTBET B BHIC
XapaKTepHBIX Je(IIEKIMH JOKAIFHOTO MOJIEBOrO MOTEHINAA, aCCOLMUPOBAHHBIX C
MHO)KECTBEHHOW HEHPOHAIBHON aKTHBHOCTBHIO, B OJHOM M TOM )K€ Y4YacTKe
perucrpanuu, TOTrJa Kak Ha Ooimee mno3gHux Bo3pactax (P2-7), orBer B
peructpupyemoil obnacTu OappenbHON KOpbl BO3HUKAl Ha CTUMYJLILMIO TOJBKO
OJTHOM, MakCUMyM JBYX BHOpHCC, W OTKJIOHEHHE COCEJIHUX BHOpPHCC HHUKAKOI'O
OTBETa B JAaHHOH 00JIACTH HE BHI3BIBAJIO.

2. B Bozpacre PO-1 pemnenTtuBHBIE MONS HECKONBKUX PSIOM PaCHOIOKEHHBIX
BHOPHCC MEPEKPHIBAIOTCS B OJHOM KOPTHKAIBHOM YYACTKE, T.€. PELENTUBHBIC MO
HocAT maudy3HBIH XapakTep, HpH OTOM B OTBeTax HaOmomaeTcss OOmpmas
MPEANOYTUTEIBHOCTh K CTUMYJISIIMU COCEAHUX BHOpHCC MO TOPU3OHTAIM, YeM MO
BEPTUKAIH.

3. Haunnas ¢ P2-3, mposBisgercs B3pOCHBIA THII BBI3BAaHHOTO OTBETa —
CETpEeTUPOBAHHBIN, TJie 0/1Ha BUOpHCCca POSHUPYET JIUIIb B CBOE MPEICTaBUTEILCTBO
B OappenbHOM KOpe: yMEHbIIAaeTcs oO0Iee KOJIMYECTBO BHOPHCC, BBI3BIBAIOIIUX
MHOXECTBEHHYI0  HEHpOHAJIbHYI0  aKTUBHOCTb,  INPAKTHYECKH  IOJIHOCTBIO
3NUMHUHUPYIOTCST OTBETBI OT COCEIHMX BHOpPHCC, KOTOPBIE COCTaBISIM OBl TIO
BeJIMUMHE Ooyiee TIOJIOBUHBI OT MHOMKECTBCHHOW HEWPOHAIBHOW aKTHBHOCTH,
BBI3BAaHHOH CTUMYIIALNEH OCHOBHON BHOPHCCHI.

4., VY kpeicat B Bo3pacte PO-1 MHOXecTBeHHass HEMpoOHalibHasi AKTUBHOCTD,
BBI3BAHHAsI CTUMYJISIIMEH OJTHOM BHOpHCCHI, HaOJIIOAaIach BO MHOXKECTBE y4aCTKOB
GapperbHON KOpPHI, T.€. B PaHHEM IIOCTHAaTaJbHOM IEPHOJIE CEHCOPHBIE BXOABI OT
OTJENBHBIX  BHOPHUCC  TPEACTABISAIOT COOOH  IIMPOKHE  IEPEeKPBIBAIOLTHECS
KOPTHKaJIbHBIE TPOEKIMOHHBIE TOJIA. B Xome co3peBaHMs NHPOEKIMOHHBIE IOJIS
BHOPHCC YMEHBINAIOTCS U HE IEPEKPBIBAIOTCS IPYT C APYTOM.

5. Jisi  cHHANTHYeCKMX PELENTUBHBIX TOJIEH €IMHUYHOIO KOPTHUKAIBHOTO
HEWpoHa TOXe XapakTepeH mepexon oT auddysHoro cocrosHus Ha PO-1,
XapaKTepU3yIOUIEroCcsl MOIIHBIMH BO30YXKIAIOIUMH CHHANTHYECKUMH OTBETAMHU
OJTHOTO HEWpOHa HA CTUMYJIILMIO pa3HBIX BHOpPHCC, K COCTOSHMIO CErperalmu,
XapaKkTepu3yolieMycsi npeoOsialaHieM  OTBETOB, BBI3BAaHHBIX  CTUMYJISLMEH
OCHOBHOH BHOpPHCCBHI, T€pel OTBETaMM, BBI3BAHHBIMHM CTHMYJISIIHCH COCEIHUX
BHOpHCC.

6. BbI3BaHHbIE CTHMYJISIIMEH OCHOBHOM BHOpHCCHI OTBETHI MMENU BHJ| raMma-
OCHWIIISIIIAY, TIepeMexaBIIeiics ¢ Oonee c1abOl OCHWIISATOPHOW aKTHBHOCTBIO B
Oonee Hu3KUX (anb(da/Oeta) gactoTax. Jlednekuu oAMHOYHBIX COCEIHUX BHOpPHCC
BBI3BIBAIAa JIMIIb [ACCHBHO MPOBOISIIMECS TaMMa-OCHMIUIIMKA M Cl1alyio
HU3KOYACTOTHYIO aKTHBHOCTh. CTHUMyISIMs BceX BHOPHCC TOJNYKOM BO3IyXa,



25

HamnpaBJICHHBIM Ha BCe BHOPHUCCH (B TOM YHCJIE W HAa OCHOBHYIO), NPHBOIWIA K
HOSBJICHUIO OCHMJUIATOPHOM aKTHBHOCTH, MMEIOLICH NMHUKHM Kak B raMMa-, Tak U B
anba/Oera- amanasoHax. BozOyxaeHnme HEWPOHOB OBIO MaKCHMAlIbHBIM MpHU
CTUMYJISILIMM OCHOBHOI BHOPHCCHI ¥ IPH CTUMYJISALIUHM BCEX BUOPHUCC M 3HAYMTEIHHO
HIDKE NIPU CTUMYJISIIIMU COCETHEH BUOPHCCHI M BCeX BUOPHCC, KPOME OCHOBHOIA.

7. [pn crumynsauuum  Tonmorpaduyeckoro CEHCOPHOTO BXojaa (OCHOBHOM
BUOPHCCHI), THMK KOTEPEHIUH MEXIy JIOKaJbHBIM IMOJEBbIM MOTCHIHAIOM H
BHEKJICTOYHBIMH ~TIOTEHIMAlaMi JCUCTBHUS HEHPOHOB HAaxXOAWICSs B TraMMma-
JMara3oHe, B TO BpeMs Kak IPU CTHUMYJIALMH COCEAHMX BHOpHCC (II0 OTIEIbHOCTH
WIH B PEXUME BCE-KPOME-OCHOBHOW) MaKCHMalbHasi KOT€PEHTHOCTh HaOIronanach
NPEeNMYIIECTBEHHO B  anb(a/bera-muamazoHax. CTUMySOus BceX BHOpHCC
COIPOBOXKIANACH HATMYMEM IHKOB BBICOKOH KOT€pEHTHOCTH Kak B anb(a/bera-, Tak
¥ B raMMa-yacToTax. B pe3ynpTaTe KOrepeHTHOCTh B TaMMa-JHara3oHe cenuduaHo
BO3pacTalia Py CTUMYJISAIUN OCHOBHO# BHOPHCCHI, TOT/Ia KaK OHA ObLTa HAWBBICIICH
B anb(a/Oera- AuamnazoHe Npu CTUMYJISLUN MHOXKECTBA COCEIHUX BUOpHCC.

CIIMCOK COKPAIIIEHUI U YCJIOBHbIX OBO3HAUYEHUI

BIICT B030y>XAaromiuii MOCTCUHANITHYECKHUI TOK
I'AMK ramma-aMuHOMacHsiHasI KACIOTA

KII KOpTHUKaJIbHAs IJIACTUHKA

JIIIIT  ;mokalbHBIHM ITOJCBOM IMOTCHITAAI
MB MHLIABOJILT

M3 MapryuHajibHas 30Ha

MKB MUKPOBOJIBT
MKM MHUKPOMETP
MHA  MHOXeCTBEHHas! HeHpOHaAJIbHAs aKTUBHOCTh

MC MIIIHCEKYH/Ia
OB OCHOBHas BUOpucca

OKK  ocHOBHas KOpTHKaJIbHas KOJOHKA
ITA MUKOaMIIEp

I MOTEHLIMAN IEHCTBUS

I[IKn  nukokynoH

[II150 xopTHKaNbHOE MPOECKIMOHHOE MMOJIe OJAHOW BHOPUCCHI KakK pacCTOSHHE, Ha
KOTOpOM HaOJIoOAajics TMOJOBHHHBIE OT MaKCUMalIbHOTO OTBET Ha
CTHUMYJISILIUIO OCHOBHOM BUOPHUCCHI

PII KOPTHKAJIbHOE PELENTHBHOE I0JIE OHON BUOPHCCHI

CB (1,2) cocennsisi Bubpucca (mepBoro, BTOPOro MopsiIKa)

ClI CEHCOPHBIA MOTEHIIAAT

cn/c®  kommuecTBO CraiikoB (BHEKNETOYHO 3aperiCTPHPOBAHHBIX MOTEHIHAIOB
NEHCTBUS) B CEKYHAY
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OTB KOJMYECTBO CIIAKOB B OHOM BBI3BAHHOM OTBETE
TPAHYJISIPHBIN €0 COMaTOCEHCOPHOU KOPBI TOJIOBHOTO MO3ra
HH}parpaHyISIPHBIH CJIOH COMAaTOCEHCOPHON KOPHI TOJIOBHOT'O MO3Ta
HEePBBIN CII0I COMAaTOCEHCOPHOI KOPHI TOJIOBHOTO MO3Ta

P0-7  mocTHaTaJbHBIN IeHB (C yKa3aHHEM JIHS OT POKACHHS)
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