Irou3M M AJILTPYU3M HEHPOHA

AnoxuH Koncrantun BaagumupoBuy - uinen-koppecnonnenT PAMH, nmpodeccop, 1okTop
MEJIUIIMHCKUX HAYK, PYKOBOJMUTEIb OT/I€NIa CHCTEMOT€HE3a MHCTUTYTa HOPMaJTbHON (DU3UOJIOTHH
uM.IL.LK.Anoxuna PAMH

Adexcanapos IOpuii Mocugosuy — npodeccop, TOKTOp NCUXOJOTHIECKUX HAYK,
PYKOBOAMTEIH Ja00paTOpun HEUPOHAIBHBIX OCHOB Ticuxuku uM. B.B.11IBpIpkoBa nHCTHTYTA
ncuxosiorun PAH

Anexcanap I'opaoH: ...3ByduT Tak, Kak OyATO HEHPOH - 3TO HEKHd OTIEIbHBIN )KHUBOM
OpraHu3M, KOTOPBIA 00J1a1aeT MHAWBUIYaIbHOCTRIO. TeM He MEeHee, MBI 3HaeM, YTO ATO BCETO-
HaBCeTOo («BCETO-HABCEr0» B KaBbIUKAaX, KOHEYHO) KJIETKa TOJIOBHOTO Mo3ra. B ueM noasox
TaKOT0 Ha3BaHMS?

Koncrantua AHoxuH: MBI XOTUM OTOBOPUTH B ATOM Mepeaadye 0 HEHPOHE, Kak O KIETKE,
UMeEIoIIeH CBOIO "BHYTPEHHIONO KU3HB" U CBOM COOCTBEHHBIE "HHTEpeCH!". Mbl XOTUM 00CYIUTh
TO, 10 KaKUM MPUHLUIIAM pabOTaeT O/IHA TaKas KJIETKa U KaK padoTaroT KOJUIEKTHBBI U3 TAKUX
HEPBHBIX KJIETOK. TO €CTh KaK, B KOHEYHOM cueTe, paboTaeT e blid MO3T.

J1st TOrO, 4TOOBI Cephe3HO 00CYXKIATh 3Ty TEMY, HAM HYXKHO HaWTH TaKOH MOCT, KOTOPBIA, C
OJTHOW CTOPOHBI, HAYMHAJICS OBl OT OMOJIOTHUHU OT/IEIILHON HEPBHOM KJIETKH, a C IPYyroil CTOPOHBHI,
HE Tepsul OBl ee MecTa B (PYHKIUSX IEJIOT0 MO3Ta, B OCYIIECTBICHUH MO3TOM MCUXUYECKUX
IIPOLIECCOB.

B Haykax 0 Mo3re Takoi 3KcrepuMeHTanbHbINA (peHOMEH n3BecTeH. OH MOTYYHIT Ha3BaHUE
"MmoBeIeHYeCKON" WK "KOrHUTUBHOM" ClielIMaIU3allii HEPBHBIX KIIETOK.

3TOT (PEHOMEH COCTOHUT B TOM, YTO KJIETKH B MO3Te, TAKXKE KaK M JIFO/IA B YEIOBEYECKOM
cool1ecTBe, UMEIOT paszHble npodeccuu. IlpencraBpTe cede HanpuMep, YTO B HEKOEH cTpaHe
BO3HHKJIA KaKasi-To TJI00anbpHas mpodiiema, CKakeM pa3pasuiach BoiiHa. [{axe B Takoin
KPUTHUECKON CUTYaI[H HE BCE JIFOH, KUBYILUE B 3TOM CTpaHE, CTAaHYT 3aHUMAThCS PEIICHUEM
9TOU MIPOOJIEMBI. A T€ KTO CTaHYT, OYAYT JeNaTh 3TO B COOTBETCTBHH CO CBOMMH HABBIKAMH,
npodeccusmu. HelipoHs! Takke UMEIOT Takue mpodeccuu B pelIeH!H 3a/1a4 [IeJI0r0 OpraHu3Ma.
D710 OBLIO BIEPBBIE 0OHAPYKEHO, KOTA YAJI0Ch 3aPETUCTPUPOBATh AKTUBHOCTH OTJIEIBHBIX
HEPBHBIX KJIETOK TOHKUMH AJIEKTPOJAMH B MO3T€ Y OOJAPCTBYIOIIMX )KUBOTHBIX M Y YETIOBEKa BO
BpeMsI HEUPOXUPYPIrUUECKUX OIEPALIAM.

U MBI XOTEIM HAYaTh C KOpPOTKOTI'O BI/IZIGO(bpaFMeHTa, 1€ IIOKa3aHO KaK 3TO BBITIAJINT B
PCAJIBLHOM 3KCIICPUMCHTC.

IOpuit Anexcannpos: Bel ceifuac yBUINUTE IPUMEP TOTO, KaK C MOMOIIBIO CTEKIISTHHBIX
3JIEKTPOJIOB, KOTOPHIE BBOJATCSA B MO3T JKUBOTHOT'O, PETUCTPUPYETCS aKTUBHOCTh OTIEIbHBIX
KJIETOK - HEMPOHOB BO BPEMS OCYILIECTBIECHUS 3TUM KUBOTHBIM HHCTPYMEHTAIBHOTO
MUIIe100bIBaTEILHOI0 OBEIEHUS. Bbl yBUANTE KaK KPOJIUK, CBOOOJIHO NEPEABUTASACH B
JKCIEPUMEHTAIIBHON Kamepe, HaKuMaeT Ha niefais. [Ipy HakaTuy Ha dTy 1eiaib eMy
ABTOMATUYECKH MTOJAETCS KOPMYIIKA, B KOTOPOW HAXOAUTCS Nopuus UK. B kamepe ecTh J1Be
NeJlany 1 aBe KopMyulku. [Ipy HakaTuy Ha 1enans, pacloloKEeHHYIO ¢ OHONU CTOPOHBI
KaMepsl, C JIEBOM, ImoAaeTcs jieBas Kopmyka. [Ipun HaxaTuu Ha nenaib, KOTOpast CIpasa,
noJlaeTcs mpasas KopMyuika. M nocieasee, 4To Hajo CKa3aTh epejl TeM, Kak Bbl ATOT (pparMeHT



YBUJUTE, YTO BBI YCJIBIIIUTE KaKk paboTaeT MO3r. Bl yCIbINTe UMIYIbCALIUIO OTAEIBHON
KJIETKH Mo3ra. HelipoH pa3psikaeTcst 3JeKTpUIECKUMH UMITYJIbCaMK. M KaxKIbIi U3 3THX
HMITYJIbCOB 3BYYUT IIOTOMY, YTO MbI II0JIa€M UX II0CJIE€ YCUJIEHHsI Ha JuHaMUK. Korja HelipoH
aKTUBHPYETCH, T.€. Cpasy, 3a KOPOTKOE BpeMs JAaCT MHOTO UMITYJIbCOB, KOTOPBIE Ha3bIBAIOTCS
UMIIYJIbCHOM "MayKkoii", BbI OyJeTe CIbILATh XapaKTEPHbIH TPECK, COOTBETCTBYIOLIHIHA
MOSIBJICHUIO MAYKH.

JaBaiite mocMoTpuM. Bel BUIMTE, KaK KPOJIMK OJXOANT K MEAANIN U IIPU 3TOM HEWPOH
aktuBupyetcs. Cnplmmre? JT0 aKTUBALMS B IIOBEIEHYECKOM aKTe Moaxo/a K nexainu. M ona
MOSIBIISIETCS TOJIBKO B ATOM IOBEIEHUECKOM akTe. Koryia Kponuk noaxoauT K Apyrou nejand,
pacmoJIOKEHHON Y IPOTUBOIIOJIOKHON CTEHKH 3KCIIEPUMEHTAJIbHOM KaMephl, akTUBalUuK HeT. Ha
cienymomeM (pparMenrTe, KOTOpbIi Bl ceifyac yBUANTE, Ta K€ SKCIEpUMEHTalbHas Kamepa, HO B
HEW BMECTO JIBYX II€JlaJiei PacIiojoKEHBI /IBa KOJbLA. Peructpupyercs akTHUBHOCTb JIpyroro
HelpoHa. Korja )kuBOTHOE OJXOUT K KOJIBILY, YTOOBI €r0 AepHYTh, HEHPOH aKTUBUPYETCS.
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K.A. JlepHyB 3a KOJIBI0, KPOJIMK ITOJIy4a€T KOPM B KOPMYIIKE.

FO.A. CnpbliiuTe, akTUBaLMs JAHHOTO HEMPOHA YETKO CBSI3aHA C aKTOM MOAX0a K KOJbILY.
Ceituac BBl yBUANTE KaK )KHBOTHOE TIEPEHIET HA IPYTYIO CTOPOHY IKCIIEPUMEHTATHHOU KaMephl
Y TaM aKTHBAIMH He OyJeT. AKTUBALUS HAOII01aeTCsl TOIBKO Ha OJHON CTOPOHBI KaMePhI U
TOJILKO B OJTHOM TOBeJIeHYeCKOM akte. Ceituac Oy/eT, s HaJIeloCh, STOT IMEPEXO/I.



K.A. A kponuk 3ToMy moBeieHnt0 o0ydancs. To ecTh, 3TO YacTh €ro HHIUBUIYaTHHOTO,
MIPHUCYIIETO TOJIBKO MYy CYOBbEKTHBHOTO OTbITa. KOTOPEIH, Kak Mbl BUIUM 10 pPab0OTe HEWPOHOB,
OpraHu30BaH O4eHb N30upaTenbHO. Morio Obl MoKa3aThCs, Kakas pasHUIla, YTO JBa KOJIbIia, BCe
PaBHO 3TO OJWH U TOT € 00beKT. Ho HepBHBIC KIIETKM MO3Ta KPOJIMKA MMOKA3bIBAIOT, UTO IS
YKUBOTHOTO 3TO HE TaK.

10.A. Ceituac KocTst oueHb BakHYIO Belllb cKa3an. OCHOBBIBAsSCH HA TAHHBIX HAOIOEHNUS 3a
AKTUBHOCTBIO HGFIpOHOB, MBI MOKEM ITIOHSTH HAa KAKHC <<KyCKI/I>> JCJIAT MI/Ip JKHUBOTHBIC. KaK 6LI
MMOCMOTPETH TJ1a3aMH )KHBOTHOTO Ha MUP. 3aMEThTE, YTO €CJIM CPAaBHUTH JIaHHBIC, TTOJTYICHHBIC
HpI/I AHaJIN3€ aKTUBHOCTHU H€I>'IpOHOB KNUBOTHBIX pa3H0r0 BHUaa, MOXHO BBISICHHUTH UEM
Pa3IMYalOTCSI KX MUPBI.

A.I'. A celiuac oH y Apyroro kojbia. I HUKaKkoil akTUBaIWH.

IO.A. AxTuBanuu HET, €CTh JINIIb OJUHOYHBIE, PEIKHE PA3PsIbl, KOTOPHIE Ha3bIBAIOTCSA
¢donoBeIMU. Teneps, nmoxanyiicra, CleayIONIy0 KapTUHKY. Ha 3Toit KapTHHKE 51 OBICTPO MOKaXKyY
KaK BBINVISIIAT UMITYJIbCALMsl HEUPOHA, KOTOPYIO BBI TOJIBKO UTO CIBILIANH, IIPU CHEUAIBHOM
CTaTUCTHUYECKOW 00paboTke. BuHa akTuBanus HelipoHa. DTa aKTHBALMs BUIHA HA TOM
(bparmeHre, re HalKMCaHO «IIpaBasi CTOPOHa». ITOT HEMPOH aKTUBUPYETCS, KOT'/1a )KUBOTHOE
MOAXOAUT U HAXKUMAET HA I1€]1aJIb, PACIIOJIOKEHHYIO Y IIPABOM CTEHKH dKCIIEPUMEHTAIBHOU
kamepsl (puc. 1).

A.T'. To ecTb, MBI celiuac BUIUM TO, UYTO CIIBIIIAIIH.

FO.A. A c neBoli CTOpOHBI KaMepbl aKTUBALMK HET. KpoMe Toro BHIHO, YTO KOI'/1a IpU
perucTpanuy OAHOro ¥ TOro K€ HelpoHa Me1alb 3aMEHUIIN Ha KOJIbLIO, TO MPHU MOJAX0E K
KOJIBLLY U €T0 MOTATMBAaHUM aKTUBAlMU HeT. OMsITh NOCTaBWIIN MEJalb BMECTO KOJIbIa, U
aKTUBAaLMsl BHOBb MOSBUJIACh. AKTUBAIUS 3/1€Ch BBITJIAIUT KaK YEPHBIM XOJIMUK.

A.I'. To ecTb, 3TOT HEHPOH OTBEYAET TOJIBKO 3a MEJaJIb C IPABOM CTOPOHBI.

10.A. BepHno, o oTBeuaet, rpy0o0 ToBOpsi, 3a Meaib C MpaBoi cTOpoHkl. U ciaegyronryto
KapTUHKY, okanyiicta (puc. 2). Ha Heil JeMOHCTpupyeTcsi HEMpOH KOTOPBIN OTBEYAET 3a
KOJIBLIO C JIEBOW CTOPOHBI.

A.I'. 1 Ha neanp HE pearupyer.

FO.A. C npaBoii CTOPOHBI Y 3TOr0 HElpoHa aKTUBALIMU HET, a C JIEBOM CTOPOHBI OH aKTHBEH,
KOI'Zla NeAalb 3aMEHUJIN Ha KOJIbLIO. 3aTeM, BUIUTE, KPACHAsl HAJIIUCh — NeAalb. AKTUBALIUU
HET. A IOTOM OIIAThH CTaBAT KOJIBLIO U MOSIBISETCS aKTUBALUs. UepHble YepPTOUKH - 3TO KaK pa3
TE pa3psizibl HEHPOHA, KOTOPHIE MBI CIIBIILIAIN IPU IEMOHCTpALUU BUIeOPHIbMa. A Tenepb
MOJKET OBITh paccKa3aTh O MOJIOOHBIX JAHHBIX CYIECTBYIOIINX ?

K.A. 51 ObI emie TOBKO TO0ABUII, UTO XOTS MBI KaXKIbIM pa3 BUAMM JIUIIb OJIMH HEUPOH, HO
BOOOIIIE-TO TOBOPSI, 3TO HE OJMH HEHPOH B MO3Te BeJeT ce0st TakuM oOpa3om. Beerma
CYILIECTBYET TpyIIa, KOMaHa HEHPOHOB, Pa30POCAHHBIX 110 Pa3HBIM CTPYKTYpam Mo3ra,
KOTOpbIE OyayT NPAaKTUYECKU HEOTJIMYMMBI 110 JAHHBIM Takoi peructpanuu. Oxaau Oynyt
HEWpOHAMU JIEBOM TeIalId, Apyrue npapoit neganu. OJHU OJJHOW KOPMYIIKH, IPYTHE APYroi

KOPMYIIKH.

A.I'. To ecTb rpynna KJIeTOK OTBEYAET 3a 3TO.



K.A. [1a, nenas xomanga. [loatomy, koraa Mbel BUIUM OJHY TaKyIO KJIETKY, TO 3HAE€M, 4TO HA
caMoM JieJie B Mo3re paboTaerT 1ieiasi CUCTeMa TaKuX KJIeTOoK. M B ciieayronumii pa3 B MO3re 3TOro
KHMBOTHOT'O MbI HAlJIEM JPYTyIO CHELUATU3UPOBAHHYIO TAKUM K€ 00pa30M HEPBHYIO KIIETKY.

FO.A. MbI cunTaeM, 4T0O perucTpupyst UMIYIbChl OJJHOM KJIETKHU, MBI MOKEM CYIUTb O paboTe
TPYIIIBI KJIETOK, BHITOJHSIOMINX CXOAHYIO POJIb B 0OecrieyeHny noBeeHus. To ecTh, aKTUBAIHS
OJIHOM KIJIETKH fABJII€TCS TIOKa3aTesneM padoThl LEIO rpyIIbl.

K.A. Onna, oHa He MorJa Obl OCYIIECTBUTH ATO MTOBEICHNUE.

10.A. 4 651 X0Ten enie 100aBUTh, YTO JaHHBIC, KOTOPHIE 51 TTOKA3bIBAJI, TTOJIYYCHBI B HAIICH
naboparopuu P.I'. ABepkunbim, 10.B. I'punuenko u A.A. CO3MHOBBIM.

K.A. A BooO11€e To100HBIX JaHHBIX O4eHb MHOTO. OHM ITOKA3BIBAIOT, YTO MO3T YV CAMBIX PAa3HBIX
, y

OpPraHWU3MOB, OT OECTIO3BOHOYHBIX JI0 YeJIOBEKa, padoTaeT 1Mo 3ToMy npuHnumy. U BeI ceiiuac

YCIIBIILIAIN, KaK "pa3roBapuBaroT’ 3TU HEMPOHBI.

3T0 BOOOIIE OYEHDb 3aXBaTHIBAIOIIEE OUIYIIEHUE, OKa3aThCsl CBUJETENIEM TOTO, KaK HEMPOHBI
Mo3ra paboratoT B noBeseHun. M B 70-X rogax npouuioro Beka MHOTue HeHpoQpU3nOoIoru
YBIIEKJINChH UCCIIEIOBAaHUSIMU aKTUBHOCTHU KJIETOK B 00/IpcTBYIOIIEM Mo3re. J[koH PaHK-
miammuii (J.Ranck) Hamen, Hanmpumep, HEUpOHBI "3eneHoro kpokoawibunuka' [1]. On
PETUCTPUPOBAI HEHPOHBI B MO3T€ Y KPBICHI, KOTOPYIO OH ITyCKaJl B JIAOMPHUHT, TJ1€ HAXOIMIUCH
pa3Hble IpeAMEThI. bbla TaM U UrpyIika MaJeHbKOI0 3eJI€HOr0 KpoKoAuiIb4rKa. 1 oH Hamen B
MO3r€ HEMPOHBI, CTIEIUATU3UPOBAHHBIE TOJIBKO OTHOCUTEIBbHO KOHTAKTOB KPBICHI C ATON
urpymkoi. A npumepHo B 310 ke Bpems B 1971-m rogy O'Kug (O'Keefe) u loctpoBckuit
(Dostrovsky) peructpupoBaiu HEHPOHBI y KPBIC B CTPYKTYpPE MO3Ta, KOTOpast Ha3bIBACTCS
TUIIIOKaMIIOM. BbImyckasi >)KUBOTHBIX B OTKPBITYIO apEHY U OHU OOHAPYXKUIIU, YTO HEKOTOphIE
HEHPOHBI pabOTAIOT B JIMIIH ONPEACIICHHBIX MecTaxX MmpocTpaHcTsa [2]. [Ipudyem, He BayKHO Kak
JIBIDKETCSI )KUBOTHOE 4epe3 3T0 MecTo. Ha cienyromieM pucyHke Mmoka3aH OAMH U3 TaKHX
HEWPOHOB M €T0 pa3psiibl IPH MEPEIBIKEHUN KPBICHI 110 apeHe (puc. 3) [3]. Buusy, Ha jeBoit
nosioBuHe pucyHka (Path 1) Tpaekropus nepeaBuxeHus )KUBOTHOTO UET CBEPXY BHU3 U
KpacHBIMH TOYKAMHM [TOKa3aHO KOTJja MMEHHO paboTaeT HeipoH. OH paboTaeT TOJIBKO B OHOM
MmecTte. B npyroii pa3, kak nokasano Ha npaBoM pucyHke (Path 2), »xuBoTHOe MpoOXoauT yepe3
3TO € MECTO B COBEPIICHHO MHOM HanpasieHuu. Ho korja oHo Tyna nmomnanaer, 3T0OT HEHPOH
OIISATh HAYMHAET pa3psikaThes. bosee TOro, sKCrepruMEHTaTOp MOXKET AaXKe B3STh KUBOTHOE U
MIPOHECTH PYKOM HaJ 3TUM MecToM. U 3TOT HelipoH OyaeT cHoBa paboTaTh.
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[To3:xe BBIICHUIIOCH, YTO JKUBOTHOE OPUEHTHPYETCS [0 HEKUM OKPY’KAIOIUM MPU3HAKAM B
cpele, HapuMep o 00CTaHOBKE KOMHATEI, TJIe pacnojiokeHa apeHa. U eciu okpykaromue
apeHy OPHEHTUPBI IOBEPHYTH, TO, XOTS CaMa apeHa HUKAK He MOMEHSIETCS, MEeCTa pabOThI
HEHPOHOB B apeHE CABHHYTCS BCJIE]] 32 IIOBOPOTOM ...

A.I'. OHu npuBsi3aHHBI K OPUEHTHUPAM.

K.A. Ja. U mosromy O'Kud nanucan ¢ Jluun Hagen (Lynn Nadel) B 1978-M rony HanrymeBIryto
kuury «['unmnokam, kak koruutuBHas kapta» ("The hippocampus as a cognitive map"),
00OCHOBBIBas B HEH, UTO ATH CICIUATM3UPOBAHHBIC HEUPOHBI B COBOKYITHOCTH 00pa3yioT B
MO3I'€ )KUBOTHBIX, B TOM YHCJIC U YEJIOBEKA, POCTPAHCTBCHHYIO KOTHUTUBHYIO KapTy [4].

Bor enie HECKOIBKO IPUMEPOB MTOBEAECHYECKHUX CIICLUAIN3alii HEUPOHOB. B Kope rosoBHOro
MO3ra y 00€3bsH CyIIECTBYIOT HEMPOHBI, KOTOPbIE H30HPATEIbHO aKTUBUPYIOTCS TIPH MOKa3e UM
¢dororpaduii apyrux o6e3psH. Ha cnemyromeM pucyHke u3 paboThl aMepUKaHCKOTO
Heipodusmnosnora Yapasza ['pocca (Charles Gross) u coaBTOpoB [5] 1M0JIOCKOI OTMEYEH MOMEHT,
Korja 00e3bsiHe MoKa3biBan (hoTorpaduro apyroit 00e3bsHbl (puc. 4). Bel BuauTe, uTo
0TOOpaXeHHBIN Ha PUCYHKE HEUPOH MPH ITOM aKTUBHPYETCA. A €Clii UCKa3UTh U300pakeHue,
WJIM 3aCJIOHUTH CYIIECTBEHHBIE JUIsl COLMAIbHBIX KOMMYHHKAIIUM 37IEMEHTHI JINLA, TAKUE KaK
POT, TO aKTUBHOCTB 3TOT'0 CIIELUATM3UPOBAHHOIO HelipoHa OyeT ropas3no Menblie. Ha apyroi
MIOJIOBUHE PUCYHKA MOXHO TaKXK€ YBUJIETh, YTO ITOT HEHPOH (Ha caMOM JieJie HE OH OJIMH, a
1enas KoOMaHJa K KOTOpoi OH IMPUHA/IJIEKUT) 00J1aJaeT CHOCOOHOCTBIO K BECbMa CIIOKHON
KOTHUTUBHOM Kateropu3anuu. JlJiss HETO camMblif CUIIbHBIN 00BEKT, Ha KOTOPHIN OH
aKTUBHpYeTcs, 3To o0e3bsHa. Ho poTorpadus 6oponaToro 4eaoBek TOXkKe BBI3BIBAET €T0
aKTUBHOCTh. OIHAKO MOKa3 Ipyroi 4acTH Tesa YeJIOBeKa, PyKH, HE BbI3bIBAET. T0 €CTh 3TOT
HEHpOH, WK BepHEe CUCTEMA, B KOTOPYIO OH BXOJUT, "KiIacCUPUIMPYET" 0OBEKTHI BHEITHETO
MHpa B COOTBETCTBUU C MX CIOKHBIMU OMOJIOrMYECKUMHU MTPU3HAKAMHU.
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"Het#ipoHsl mu1l" ecTh HE TOJIBKO y 00€3bsiH Ha Jnlia 00e3bsH. ECTh OHU, HampuMep, U y OBeIl Ha
"mura" oBell. DTO U3BECTHBIC OMBITH aHTIIMHCKUX HelipodusnonoroB Kenapuka nu bonnynna
(K.Kendrick, B.Baldwin) [6]. Onu noka3siBanu oBiam (potorpaduu 1ud0 APYyrux oBell, JIU0o
yesoBeka u cobaku (puc 5). U Ha BepxHem rpaduke BUTHO, UTO €CTh TPYIITBI HEUPOHOB,
KOTOpBIE aKTUBHPYIOTCS MPH Tokaze ¢ororpaduii oIuH, 1Ba, TPH, YETHIPE, MATh, IECTh. ITO
OBIIBI U Oapanbl. CpelHU PUCYHOK, 3TO ocobast hoTorpadus oBelr, IMEHHO TOW IMOPOJIbI, B
CTaJie ¢ KOTOPBIMU KHITU SKCIICPUMEHTAIbHBIE OBIIBIL. M €CTh HEPBHBIC KIICTKH,
aKTUBUPYIOIIMECS TOJIBKO MpH MoKa3ze 3Tux ¢ororpaduit. 1, HakoHell, ecTh HEHPOHBI, KOTOPHIX
"He uHTEpecyoT" poTorpadun oBel, HO OHU AKTUBUPYIOTCS, KOTJa MIOKa3bIBAIOT (hoTorpaduu
YeJIoBeKa U MacTyIIbel cOOaKu, MPUYeM OHH IMOMEIIAIOT UX B OAHY KaTeroputo. J[is atux
HEPBHBIX KJIETOK MACTYIIbs COOAKa U YEJIOBEK SBJISIOTCS, BUAUMO, OMOJIIOTHYECKU YeM-TO OJTHUM
U TEM Ke€.
HaBepxy Ha 3TOM e claiifie moka3aHa KapTUHKa OBIIBI aH(aC ¥ BHIHO, YTO KOT/1a OBIIA C
¢doTorpadun mpsIMO CMOTPUT HA SKCIIEPUMEHTATILHYIO OBILY, TO aKTUBHOCTh TaAKUX
CHeIMAIM3UPOBAHHBIX HEUPOHOB BhIIIE Bcero. Korna ke oBia Ha ¢otorpadun
"oTBOpaunBaeTca", U MokazaHa B MpOo(UiIb WU C 3aThUIKA, a 3TO COI[MAIbHO MEHEe 3HaYnMast
CUTYaIUsl, TO 3TH HEHPOHBI HE TAK AKTUBHBI.

Taxkue xe "HelipoHbl TUI" €cTh U 'y yenoBeka. X oOHapyXuBaloT B MO3Tre JIIOJIEH BO BpeMs
HEHpOXUpPYpruyecKux onepauni, TpeOyonmXx BXKUBICHHS YeJI0OBEKY TOHKUX MUKPO3JIEKTPOJIOB,
C TIOMOIIIBIO KOTOPBIX MOKHO IOMYTHO PErUCTPUPOBATH AKTUBHOCTh HEPBHBIX KJIETOK.

U BBI 371€CHh BUAMTE KaKk paboTaeT HEHPOH B MO3Ie YeJIOBEKa, KOrJa eMy IOKa3bIBaIOT
¢dotorpaduro nmuna buna Knunrtona (puc. 5). BunHo 4to 1aHHBIA HEHPOH aKTUBUPYETCS
n30UpaTenbHO MPH MOSBIECHUH 3TOTO JIKIIA, TO ecTh OH "y3HaeT" buna Kinunrtona [7].
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B neiicTBUTENBEHOCTH e TaKUX CIEIHATN3aIiil CyLeCTBYET OTPOMHOE KOJIMYECTBO U Ha
crenyrolieM pucyHke u3 padotsl rpymbsl Kpuctoda Koxa (Christof Koch) u3 CILA [8] BuaHO,
YTO YEJIOBEKY MOKa3bIBAJIM CaMble pa3HbIe KATErOpUU 0OBEKTOB — JIMLIA, IPEIMETHI, CLICHBI,
aBTOMOOWIIH, )KUBOTHBIX, (DpaKTaiiel U Tak fnanee (puc. 6). M 1 npumepa Ha paBoit 4acTH
KapTUHKU NIOKa3aH HEHPOH, KOTOPbI paboTaeT TOJIBKO KOT/1a YeJIOBEK BUIUT KUBOTHBIX. A BO
BCEX OCTaJIbHBIX CIIy4asiX HET MPEBBIIIEHUS €r0 aKTUBHOCTH HaJ (POHOM. 3aTO 3TOT HEHPOH, Kak
BUJIHO M3 HWKHEW MPaBOi KapTUHKU, aKTUBUPYETCS KOT/1a MOKA3bIBAIOT CaMbIX PAa3HbIX
KHUBOTHBIX - JIbBA, 3MEI0, MEIBE IS, ppIOy U Tak fainee. [l JaHHOTO HEHpPOHA, 0 HEKHUM,
HEU3BECTHBIM HaM MPU3HAKaM, 3TO BCE OJHO U TO Ke.

Cneuywanusayus HepoHOB B MO3re y YenoBeka

Ll .1,. il

Kresnan ef al., 2000

Taxue cnenuaa3upoBaHHbIe HEHPOHBI B HEHPOPHU3NOIOrMH 0003HAYAIOT Pa3HBIMU TEPMUHAMM.
OnHO W3 Ha3BaHUH MPEIJIOKIIT U3BECTHBIA NOJIbCKHUHA Helfipodusmonor Ixepcu Konopckuit
(Jerzy Konorski). Eme B 60-¢ ronp 20 Beka y Hero Obl1a KOHIIETHUS, YTO CYIIECTBYIOT
HEWPOHBI, KOTOPHIE TOHKHBI OTBEYATh 32 PAaCIiO3HABaHUE M BBICIIINE KOTHUTUBHBIE QYHKINH [9].
On Ha3zBan ux "rHOCTHYECKUMU" HeipoHam¥ . [1o ero MHEHHUIO Takue HEMPOHBI JOJKHBI, KaK



BUJTHO U3 €TO PUCYHKA, PACTIO3HABATH CaMble Pa3HbIC BEIH, OOBEKTHI, JTUIA, TOYEPKH U TaK
nanee (puc. 7).

«FHoCTUYeCKue HEﬁpOH bI» KOHOpCKOI‘O
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Jpyroe Ha3zBaHue, KOTOPOE MOSBUIOCH Y 3TUX HEUPOHOB - «HEHPOHBI 6a0YIIKI». ITO
MPOUCXOAUT U3 IIYTIUBON UCTOPUH, pacckazaHHoU B 1969 rony Ha nekiuu B M.L.T. u3BecTHbIM
aMepuKaHCKuUM Helipodusuoaorom Jxeppu JlerBunbim (Jerry Lettvin). Ecim mo3r uenobeka
COCTOMT M3 CIICIHATN3NPOBAHHBIX HEHPOHOB U OHHU KOJUPYIOT YHUKAIILHBIC CBOMNCTBA
pa3IUYHbIX 00BEKTOB, TO, B IPUHIIUIIE, I/I€-TO B MO3T€ JI0JKEH ObITh HEUPOH, C TIOMOIIIBIO
KOTOPOT'O MBI Y3HA€M U IOMHUM cBoI0 0a0ymiky. To ects "Heiipon 6a0ymku". U aTo
CHUMBOJIMYECKOE Ha3BaHUE TOXKE CYILIECTBYET B Helipodusnonoruueckoi sureparype [10].

A.T'. IIpocTtuTe, BOZHUKAET BOT Kakoi Bornpoc. HelipoH B nmporiecce CBOEH KU3HU MOKET
MTOMEHSTH MPOQeCcCHro?

K.A. DToT BOonpoc npeaycMOTPEH B TUTAHE HAIIETO 00CYKICHUSI.
A.T'. Tlonsin. Xopotto.

O.A. MoxeT Toria Mbl K HEMY U TIEPEXO0IUM - UTO 3TO TaKoe — paboTa HEHPOHOB, OTKY/Ia
OepeTcs n30UpaTeNbHOCTh UX akTUBaLUi. OAMH U3 BUAHEHIINX Helipodu3uoaoros 20-ro Beka
Bepuon MaynTtkactia (Vernon Mountcastle) et 15 Hazag kpacuBo ¥ TOYHO chopMyIHpoBa:
"Opa QyHKIIMOHAIBHON JIOKAIU3allUui CMEHIWIACh 3poi (QYHKIIMOHATIBHOM crienuanu3anuu'. 3To
03HAYaeT YTO YK€ JOBOJBHO JAaBHO MHOTHUM JIFOJSIM ObUIO SICHO, YTO HEMPOHBI
cnenuanu3uponanbl. C 3TUM BooO1IIe Maio KTO copUT. OJIHAKO IIIaBHBIH BOIPOC —
CHeralIn3upoBaHbl OTHOCUTENBHO yero? Kocts ceiiuac nepedynciani MHOTO BCETO pa3HOro,
BKJIIOUAsl 3€JIEHOTO0 KPOKOAMIIA. A €CJIM B3STh 3€JIEHYI0 MyXy? A €ClIM B35Th MAJIEHBKOTO
po30Boro MeaBeAs? A eciu B3STh caMoro sKcrepuMenTaropa? U tTak nanee, u Tak jgaiee.

U BooOIIE, KOT/Ta CMOTPHIITE COBPEMEHHBIE PAOOTHI, BOSHUKAET BIIEUATIICHNE, YTO HEHPOHBI



MOTYT OBbITh CHEIMATU3UPOBAHBI OTHOCUTEIBHO Yero YroaHo. OTHOCUTEIBHO JII000i
KOHIEMINH, KOTOpasi CYyLIECTBYET B TOJIOBE Y YUEHOI'0, KOTOPBIH PErUCTPUPYET UMITYIIbCALIIIO
HEWpOHa )KUBOTHOI'O WJIM aKTUBHOCTb OT/AEJIBHBIX MO3TOBBIX CTPYKTYP IPU KAPTUPOBAHUU MO3ra
yesioBeka. Eciu ciie1oBaTh IOTMKE YIIOMSIHYTBIX paboT, BBIXOIUT, YTO HEHPOHBI MOTYT OBITH
CHEUAJIN3UPOBaHbl OTHOCUTEIBHO dMOIMI, OTHOCUTEIILHO CO3HAHUS, OTHOCUTEIIBHO
JIBUTATENbHBIX MPOTpaMM, OTHOCUTEIBHO MepepaboTKu CEHCOPHOU MH(POPMALIUU, OTHOCUTEIHHO
3€JICHOr0 KPOKOJIMJIa, OTHOCUTEIFHO POMAHTHUECKOM JTF0OBH, OTHOCUTENIFHO YEeTO XOTHTE.
XOTHTE - OTHOCUTENBHO NAaTpUOTU3Ma. TaKkoi aHaJIu3 MOKa3bIBaeT 4TO BOOOIIE, 10 BCEi
BUIMMOCTH, 3TO COBEPUICHHO MTPOM3BOJIbHAS KIacCU(PUKAIHL. AKTHBALIUK HEHPOHOB SBHO C
CBsI3aHbI C MIOBEJICHUEM, UX CTIeUaIN3aIMs OOHApyKUBaeTCsS BO MHOTHX dKcriepuMenTax. Ho
BCE-TaKH, SIBHO HEBEPEH MOAXO0/, B COOTBETCTBUH C KOTOPBIM HEHPOH MOYKET OKa3aThCs
CTIIENUATTU3UPOBAaH OTHOCHUTEIILHO JIFO00M NMPUyMaHHOM KoHIenuu. 1 BOT Temneps,
noJkasyiicra, cienyrouuii pucyHok. Ha atoii ¢ororpaduu BsuecnaB bopucosuu L1IBbIpKkoB
(puc. 8). S 6ornee TaNIaHTIUBOTO YEIOBEKA HE BCTpEUall.

K.A. U g Toxe.

Bravecnae Bopucoeuy LLIBLIpKOB

10.A. llIBbIpKOB pazpaboTan mpeacTaBlIeHre O CICIUATN3AlMA HEUPOHOB, Ha KOTOPOM,
COOCTBEHHO, MBI U OCHOBBIBa€MCs. DTO MPEACTABICHNUE O CUCTEMHOM CIIeuaIn3allii HEHPOHOB
[11, 12]. HelipoHsl crienuanu3upoBaHbl TOBEACHUYECKH WM CUCTEMHO. To €CTh, OHU
CHELHUATU3UPOBAHBI HE OTHOCUTEIHHO KAKUX-TO BBIMBIIUICHHBIX (QYHKIUI, KOTOPBIX MOKHO
HaOpaTh CKOJIBKO YTOJHO, YUTAs OIJIABJIEHUS! YYEOHUKOB IO MICUXOJOTUU M (U3UOJIOTUN WU
XYA0KECTBEHHYIO JInTepaTypy. HelipoHb! crieruaan3upoBaHbl (MOKET OBITh 3TO CKy4HEE, HO
3aTo - IpaB/ia) OTHOCUTENILHO CUCTEM, HAllPaBJICHHbBIX HA JOCTUKEHHUE TE€X UM UHBIX
pe3ynbraToB noseaeHus. Paznoro noseaenus. [loatomy u cnenmanusanum — pasHble.

Teneps BozHuKaeT Bonpoc: OTkyaa 6epeTcs 9Ta cuenuanu3anus, 9to 3to tTakoe? 1 k1o
3aCTaBJIsIET HEHPOHBI paboTaTh BMECTE (MBI YK€ TOBOPHIIH, YTO aKTUBUPYIOIIUICS HEHPOH
MIPEICTABISET LENYI0 TPYIIY), 9TOOBI TOCTHYh KaKOT'0-TO IMOBEJEHYECKOr0 pe3yabTaTa?
Heyxenu Moit HEHPOH 3HAET O TOM, UTO MHE HEOOXOAMMO B35Th CTaKaH BOJIBI WJIH COPBATh
LIBETOK?

J1ist TOTO, YTOOBI MOIOUTH K OTBETY Ha 3TOT BOIPOC, 5 3aUUTAI0 3aMEYATEIbHYIO IUTATy U3
kauru Yapaesa [leppunrrona (Charles Sherrington). 9to naypear HobeneBckoi mpemuu u



pabora ero, U3 KOTOpOil B3sATa IUTaTa, ObUTAa OMyOIMKOBaHa Oomee momyBeka Hazan [13]. Lutara
cIeayromas: «Y TBEPKICHHUE, UTO U3 KIETOK, COCTABJISIONINX HAC, KaXK/Iasl sIBISETCS
WHANBUAYATBHO 3TOIICHTPUYHON JKU3HBIO HE MPOCTO Ppasza. ITO HE MPOCTO YAOOHBIN CIIOCOO
onucanus. KineTka, kak KOMIOHEHT Tella, HE TOJIbKO BU3YaJIbHO OTPaHUYEHHBIA MOJYJIb, 3TO
OTJIebHAsl )KU3Hb, COCpeIoTOUeHHAs Ha ceOe. OHa KUBET COOCTBEHHOM JKU3HBIOY.

H_[CppI/IHFTOH TOBOPUT 3JACCH O TOM, YTO KJICTKA — 3T OUCTUYHBIN OpraHmsM, y KOTOpOro ¢CTb
coOCTBEeHHBIEC MOTPEOHOCTH U cOOCTBeHHAs u3Hb. U OHa, 3Ta KIIeTKa, TOJDKHA 00€CTIeunBaTh
CBOIO Ku3Hb. [loxkanylicta, cieayromuil pucyHok (puc. 9). B ocHoBe npeictaBiieHuii o
CHUCTEMHOM CIEIUAIN3aINH JICXKUT, B 0011IeM, cienyromniee. OTnenbHbIH OpraHu3M, KOTOPBIN BbI
BHUJIUTE CIIPaBa, HAJl HUM HAIIUCAHO «aKTUBHOCTHY - 3TO YesioBeK. OH coBepIlIaeT JAeiCTBHUE.
JlelicTBME HanpaBJIEHO HA JOCTHUKEHUE ONPEIEICHHOI0 pe3yibTara. B JaHHOM citydae
pE3yNbTaT - B3sTHE sI0JIOKA. A B TOJIOBE Y 3TOTO YEJIOBEKa HEMPOHBI, 00ECTICUNBAIOIITNE TAHHOE U
Jpyrue neicTBus. BHU3y TOBOJBHO CIOKHBIA PUCYHOK OJHOTO U3 ITUX HEHPOHOB. DTOT
PUCYHOK IEMOHCTPUPYET, YTO HEUPOH BBICTYIAET, KaK «OpPraHu3M» B OpraHu3Me. ITOT HEHPOH
TOKE COBEPUIAET HEKOE «IEHCTBUEY - pa3psKaeTCsl UMITYJIbCAMU - ISl TOTO, YTOOBI OTYYUTh
Hekul pe3yabTaT. Tenepb BOMpOC: a 4To 3TO 3a pe3yiabTaT HeilpoHa? UTo 3To 3a pe3yiabTaT y
YeJIoBeKa WM Y KPOJIMKa MOHATHO. B3sSTh cTakaH BOJIbI, HAWTH MOPKOBKY U Tak janee. A 'y
HelpoHa?

Hetipon, kak MBI TOJIBKO YTO BBISICHWJIM, 3TO KBSl ATOLEHTPUYHAS KU3Hb. OH T0KEH
obecrneynBaTh cBOM MeTabon3M. CBOU MPOLECCHI KU3HEAEITeNbHOCTH. OTKYy1a MOXKET HEUPOH
B3SITh BEIIECTBA, KOTOPHIE €EMY HYXKHBI JIJIsl €ro )Ku3HenesarenbHoctu? 13 ero mukpocpenast. Kto
€My B 3Ty MUKpPOCpeAy MOCTaBIseT BellecTBa? JTH BEIECTBAa €My B Cpey OCTaBISAIOTCS U3
KpPOBSIHOTO pycJia, yepe3 1epedpo-CIMHAIbHYIO JKUAKOCTb U OT APYTUX KIETOK.

PeakTMBHOCTL AKTUBHOCTb
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Ha cxeme BuAHO, 4TO Y 3TOT0 HEMpoHA ecTh Ha MeMOpaHe pelenTOPbl U KOra MeTabOIUThI
COCIIMHSIIOTCS C PELENTOPaMH, TO TCUSHUE META0OIMISCKUX MIPOIIECCOB B HEUPOHE MEHSIETCS U
OH MO>KET OCYIIECTBUTH TE€ WJIM UHBIE )KMU3HEHHO BaxkHbIe QyHKIMU. Kpome Toro, ecTh U Takue



MeTa0O0JIUTHl, KOTOPBIE MOTYT IPOHUKATh BHYTPh KJIETKHU, TAK)KE BIIUAS HA METAOOIN3M U
BKJIIOUYAsICh B MeTaboanueckue HuKibl. Ciae10BaTenbHO, B ONPEIEIEHHOM CMBICIE AKTUBHOCTh
OTJEIbHOM KJIETKH IIOCTPOEHA TAKXK€E, KaK U AKTUBHOCTb LI€JIOT0 JKUBOI'O OpraHn3Ma. AKTUBaLUs
KJIETKH 3TO HE PEaKlHs Ha KaKOW-TO CTUMYJI, Ha IPUXOJ K HEH pa3psAl0B APYrUX KIETOK.
Heiipon noceuiaet no pa3BeTBICHUSIM CBOETO aKCOHA UMITYJIbChI, YTOOBI N3MEHUTH CBOIO
MHUKpOCpEy U MOIYYUTh T€ METaOOIUThI, KOTOPbIE eMy Heo0XoauMbl. To ecTh, paspsaHas
JeSITeIbHOCTh HEHPOHA HE peakTHBHA, a aKTUBHA U HAaTpaBiieHa B Oyyiiee.

Hanee. OTae’AbHO XKUBYIIAst KJIETKA, OHOKIETOUHBIA OPraHu3M, BEJET ce0sl CIeTyIONIM
obpa3oM. Eciu 3To# KileTKe HyKeH KaKOi-TO MeTa0OoIUT I TOro, 4YTOOBI HOAAEPKaTh CBOIO
KHU3HEJIEATEIIbHOCTh, OHA MOYKET CMECTHUTHCS B 00JIaCTh MOBBIIIEHHON KOHLIEHTPAIIMH 3TOTO
MeTa0oJIuTa U ero norinoTuTh. HelipoH, Kak U Apyrue KJIeTKH OpraHu3Ma, He MOXKeT 00ecleunTh
CBOU MOTPEOHOCTH, U3MEHSS CpeNly, B OAMHOYKY. 3HAUUT OTJINYME HEHPOHA, BO MHOT'OM
MIOXO0KETO Ha 3Ty OTJIENIbHYIO KJIETKY (KOrJa eMy HY>KHbl METa0OJIUTHI, OH TOXKE JeHCTBYET,
YTOOBI 3TOT META0OHUT MOTYUHUTH), COCTOUT B TOM, YTO OH, KaK M BCE OCTAJIbHBIE KIETKU
OpraHu3Ma, MO>KeT 00eCIIeYUTh CBOU 3TOUCTHUYECKUE TOTPEOHOCTH UCKIIOUUTEIBHO
CUHXPOHU3HUPYSICh, 00bEIUHSASACH C IPYTUMH 3TOUCTAMHU, KOTOPBIM YTO-TO HAJO.

U BoT Tenmepb cMOTpUTE UTO MOy4yaeTcs. Macca 3roucToB, akTUBHBIX BMeCTe, paboTaloT,
Pa3psUKAIOTCS] UMITYITbCaMU. MBI CMOTPHM Ha OpraHU3M, HallpUMEpP MO, B KOTOPOM paboTaeT
Macca 3rouctoB. UTo Mbl BUIUM, Habmtoas 3a MHOW? UTo Koraa oHM paboTaloT, 5 1ear0 YTo-
TO, COBEpIIAIO TOT WJIK NHOM NOBEACHYECKUH akT. BoT s qoctur pesynsrata. Mou HEMPOHBI HE
3HAIOT HU IIPO 3Ty yKa3Ky, KOTOPYIO 5 6epy, HU Mpo Moo pyKy, Hu4ero. Ho xoraa s nocrurato
3TOT NOBEJIEHYECKUH PE3yNbTaT — B3TUE YKAa3KU, TO B MUKPOCPEIE KaX/10ro U3 HEMPOHOB
MOSIBIIIFOTCS. T€ META0OIUTHI, KOTOPbIE UM HYXHBI JUISl dKU3HEIEATEIbHOCTH. 3a 3TO OHU U
paboraroT. 3a yJIOBJIIETBOPCHHE UX STOUCTUICCKUX MOTpeOHOCTeH. OOBETMHEHNE ITHX
noTpeOHOCTEH OTENBHBIX KJIETOK B CUCTEMY M3BHE BBITJISAUT KaK COBEPIIEHUE HAMHU
LIE€JIEHANPABIECHHOIO TOBEIEHYECKOTO aKTA.

Otcroaa BoOIpoc, s TAK TOHUMATO IS HAC IIEHTPATBHBIN, (DAHTACTUYECKH BaXKHBIA U HauboJee
HAC MHTEPECYIOUIHIA: a KaK 3TO 00beMHEHUE MPOUcXoauT? Kakum o0pa3oM 3roucThI
00BEIUHSAIOTCSI B CUCTEMBI, TO €CTh KaKuM 00pa3oM 3THU CUCTEMBI (POPMHUPYIOTCA? DTOT MPOIIECC
(hopMHUpPOBaHUS HOBBIX CHCTEM— €CTh MPOIECC COTIIACOBAHMS ATOMCTOB, PA0OTAIOIIUX BMECTE,
KOTOPBIN JUISI HAC KaK IEJIbIX OPTaHU3MOB 03HAYAEeT BO3MOKHOCTh JIOCTHDKEHUS PE3yIbTaTOB
HOBBIX MOBEJEHYECKUX aKTOB. [Iporiecc popmMupoBaHusi HOBBIX CUCTEM HA3bIBACTCA
CHCTEMOTEHE30M.

®opMHUpoBaHUE HOBBIX CUCTEM OOecrnieunBaeTcs: (QyHKIIMOHAILHBIMU U MOP(OIOTHYECKUMU
MoOJIU(pUKAUAIMHI HEHPOHOB. B ocHOBe MOp(oIornyecknx N3MEeHEHNH JISKUT aKTUBALIUS
TE€HETUYECKOr O alllapaTa HEpPBHBIX KJIETOK U 37ech KocTs ABisieTcss OTHUM U3 KPyITHEHIINX
CIIELIUAIIUCTOB.

K.A. Tlpexae ueM MbI TiepeiiieM K TeHaM 51 Obl XOTEJI HEMHOTO JIOTIOJTHUTH TO, YTO TOBOPUI
IOpa. OnHo U3 3aMedaTeNbHbIX OTKPBITUM, clielaHHbIX [IIBEIPKOBBIM, 3aKJIF04aJIOCh B TOM, YTO
AKTUBHOCTH HCprOHOB B 6OI[pCTBYIOH_IeM MO3r¢ BO BpEMs IMMOBCACHUS CBA3aHAa HC C HAHOCUMbBbIMU
OpraHu3My CTUMYJIaMH, a C pe3y/IbTaTaMHU U 1eJIIMU MTOBeAeHHs. PaHbllle aKTUBHOCTh HEMPOHOB
B MO3TC N3ydaJii B OCHOBHOM IIOCJIC MPCABABJICHUA OPraHUu3My CTUMYJIOB U CTPOUJIN BCHO
JIOTHKY paboThl MO3ra OT CTUMYJIa K peakuuu. BsuecnaB bopucosuy, BMecTe co cBoumu
COTpyAHUKAMU O6Hapy)KI/IJ1, 4YTO B CUTyallUsAX aKTUBHOI'O ITIOBCACHUS aICKBATHOI'O YCPCAHCHUS
paboThl HEHPOHA OTHOCUTENIFHO CTUMYJIOB HE MoiiydaeTcsi. CTUMYIOM MOXKET ObITh, HAIpUMED,
Jlava yCIIOBHOT'O CUTHAJIA, CKAXKEeM 3BYKa. A JalbIlle )KUBOTHOE JOIKHO MOJ0EKATh K KOPMYIIIKE
3a nuuieil. Y okazanock, 4T0 aKTUBHOCTh HEHPOHOB B MO3Te OOPCTBYIOIIETO )KUBOTHOT'O
OMnpeac/EICTCAd HC MPCAMICCTBYIOIIUM CTUMYJIOM, a4 TEM KyJla ABHKCTCA ) KUBOTHOC U YTO 6yneT B



KOHIIE MTOBEJICHUYECKOT0 akTa. M Korja Takas KOMaHJa OJJHOBPEMEHHO paboTaromuX "IroucToB”
JIOCTUTAET pe3yJbTaTa, TO 3Ta aKTUBHOCTH MpeKpaiaercs. To ecTh akTUBallUK HEHPOHOB B
IOBEICHUH, Kak roopu LIIBbIpKOB, HE "MOCTCTUMYIIBbHBIE", @ "Ipepe3yabTaTHbIE" .

AlT. KCTaTI/I, A 06paTI/I.H BHUMAHHC, YTO HA TOM KE CaMOM BH/ICO C KPOJIMKOM ITHMK aKTUBHOCTHU
MIpUXOAUJICA HE HAa TOT MOMCHT, KOI'JIa OH TAHECT KOJIbI[O, @ KOrJa OH TOJIBKO IMMOAXOAUI K HEMY.

IO.A. Jla, coBepuieHHO BepHO. B paccmaTpuBaeMoM HaMHu MOBEJICHUU MHOT'O MOBEACHYECKUX
AKTOB, CMCHAIOIIUX JAPYyT Apyra. M Ttam HE TOIBKO cCaMO MOTATWBAHUEC, HO IOAXOA K KOJIBILY.
[TockonbKy MBI €r0 YYHIJIM CHavasia MOJIXOUTh K KOJIbILY, TO JIJIsl HETO PE3yJIbTaT HE TOJIBKO
3aXBaT KOJIblld, HO U MOJAXOI K HCMY.

K.A. TToTomy 4TO Ha OIpeeIeHHON CTaIul 00YUEHHs KPOJIUKY JOCTATOYHO OBLIO OTOMTH OT
KOPMYILIKH B CTOPOHY KOJIbIIA, YTOOBI MOJYYUTh CIIEIYIOLIYIO MOPIHIO MULIH.

10.A. MoxHo s Tenepb 100aBiIi0 K ToMy, uTo ckaszan Kocta? S O6b1 XoTen moka3ath 3/1€Ch
JlaHHbIE, IOJTy4YeHHbIe B Taboparopun Cama Jlensaiinepa ((Sam Deadwyler), B CoennHeHHBIX
[lITatax. 3TO COBEPIIEHHO 3aMeUaTeIbHas WLTFOCTPAIIHS, KOTOpask UILTIOCTPUPYET
COOTBETCTBUEC ITNHAMUKHN AKTHUBHOCTHU HGﬁpOHOB JTUHAMHUKE ITOBCACHUSA ) KUBOTHOT'O. BIIGCI)
MOKa3aHO KaK padOTarOT HEHPOHBI Y KPhIC-KOKAMHUCTOK. DTa KpbICa MPUYYCHA K TIOTPEOICHUIO
KOKarHa U OHAa KOKanHO3aBHCHUMaA. EiiB BeHy BBCICH KaTeTep 1 B HCTO HOCTyHaeT KOKauH
Ka)KJIBIH pa3, KOT/ia KpbIca )KMET Ha renaib. Ha pucyHke Bbl BUIHMTE CIIOBO «KOKaWH», a MO HUM
gyepra. Bot 3Ta yepra u 0003HAYaEeT HHTEPBAJ, KOT/Ia B BEHY ITOCTyIaeT KokanH. Kak ToJbKO
KpbICa TOJIy4aeT KOKanuH, TOCMOTPUTE B Pa3psAIHON JIEITEIbHOCTH KIETKH MOSBIISICTCS May3a.
[Tay3a o3Hauaet, 4TO Pe3yabTaT JOCTUTHYT U Ha YPOBHE OTJICILHOT'O HEUPOHA TOCTUKECHUE
pe3ynbTaTa BHICTYMAET KaK MpeKpalleHne akTUBAlliH, CBI3aHHOM ¢ TOCTHKEHHEM PE3yNbTaTa.
Hansuie mocmotpute. [locTeneHHO YacToTa akTUBHOCTU HelpoHa HapactaeT. OHa HapacTaer,
IOTOM. ..

K.A. I{ukn kak ObI 3aMBIKACTCS.

FO.A. Jla 1 akTUBHOCTb CTAHOBHUTCSI OYEHb BBIPAKEHHOM, TO €CTh €€ YaCTOThI CUIILHO
YBCJ'II/ILII/IBaCTCH. 4! KaK TOJIBKO OHA CTAHOBHUTCS OYCHbB BLIan(eHHOﬁ, AKTHUBHOCTBH 3TOI'O HCprOHa,
TO €CTh BeJIMKa MOTPEOHOCTh B KOKaWHE, TO, HAO01as 32 TOBEICHUEM IIEJIOT0 KUBOTHOTO, MBI
BHJIUM, KaK KpbIca OS)KHUT, HAOKUMAET Ha MeJaib U MoJTydaeT KokanH. Kak TobKo OHa ToydaeT
KOKaWH, aKTUBHOCTh HelpoHa oOpbiBaeTcs. To eCTh, 3Ta aKTUBHOCTh, KAK COBEPIICHHO TOYHO
3ameTus1 KocTst TOJIbKO 4TO, SIBISIETCSA HE OCTCTUMYJIBHOM, a peApe3ynbTaTHON. DTa
aKTUBHOCTb, HAIIPABIICHA HA JIOCTHKEHUE ONPEACIICHHOTO PE3ybTaTa, KOUM OHa OOpBIBAETCS.
CrnenoBartesbHO, JIIS ISJIOT0 OPraHu3Ma JOCTHIKCHHE Pe3yJIbTaTa MOBEICHUS O3HAYACT
MpeKpalleHue MOBeACHU. A Ui OTAEIBLHOI0 HEHpOoHa JOCTIKEHUE pe3yibTaTa 03HAYaeT
MIPEeKpaIIeHUe ero aKTHBHOCTH. M ecitu JuTsl esioro opraHu3Ma pe3yabTaT - CXBaThIBAHUE Y€T0-
HI/I6YI[L, HOJIy‘-IeHI/Ie UMY 1 TakK Jajaec, TO AJId OTACIABHOI'O HeﬁpOHa 3TO HOHY‘IGHI/IC Hy)KHBIX
MeTa0OJINTOB.

A.I'. A mo-pa3HOMy CIIeIIMAIU3UPOBAHHBIA HEUPOHBI HE MOTYT BXOJIUTh B KOH(PJIMKT MEXITY
co060ii? OTHOMY X0YeTCsl OJHOTO, IPYTOMY — JAPYTroe.

IO0.A. Moryrt. f nymato, 4To MOryT. Y Hac €CTh 3aJyMKH [IPOBEICHUS DKCIIEPUMEHTOB U C
KOH(MIMKTaMU, U ¢ «BbITeCHEHUsIMI». [Ipeanonoxkum chopMUpOBaHO HEKOE MOBEACHUE,
KOTOpOE Mo3Xke 3anpernieHo. HelpoHsl, crienuain3upoBaHHbIe OTHOCUTEIHHO COPMUPOBAHHOTO
MOBEICHUSI €CTh, Y HUX CYIIECTBYIOT MeTa0onndyeckue norpedHoctu. OHU MOTYT MX
YJIOBJIETBOPUTH TOJIBKO COBEPLIMB IIOBEICHYECKUH aKT, a TOT IIOBEICHYECKUI aKT 3alpEeLLeH.



UYro nenaroT 3TH HEMPOHBI, KaKk OHU BbDKHBarOT? KakuM 00pa3oM OHU MOTYT BBDKUTH, €CJIH OHU
MOTYT MOJIYYUTh META0OIUTHI TOJIBKO MPHU YCIOBUU PeAIN3allMi OPraHU3MOM OIPEIEICHHOTO
MIOBEICHUS, KOTOPOE MBI 3alIPETUIIN? DTO OYEHb UHTEPECHBII BOIIPOC.

K.A. Ho Bce-Taku nepeiizem teneps K reHam. K renaMm HaMm Ha10 0OpaTUTHCS IOTOMY YTO MBI, B
YaCTHOCTH 3HAE€M, YTO KOIJla TaKue crelnuain3auuu GopMUpPYOTCs, TO OHH IPHOOPETAIOTCS
OUYEHb YCTOMUYMBO U HAJOJITO.

BsI cripaimmBany, MOXET JIM HEUPOH NMEPEYYUThCs. SICHO, IT0 KpallHEN Mepe, UTO €CIIM HEUPOHBI
U MePEeYYUBaTh, TO 3TO OYEHb CI0KHBIM M TPYJAHBIN Tiporiecc. Ecnu cnienuanu3anum HeMpOHOB
c(OpMHPOBATUCH, TO OHU XPAHATCS MeCALaMU | Jake rogamu. Koraa ;KuBOTHBIX 4eMy-I100
YCUJIEHHO 00Y4ar0T, TO MOKHO yYBHJIETh, UTO MPUOOPETEHHBIE CTIeIMATN3alluU HEHPOHOB
COXPAHSIIOTCS 1aXe M0 HapKO30M. DTO ObUIO OOHAPYKEHO B UACTHOCTHU B OIBITaX SMOHCKOTO
Helipodusnomnora Tanaku (Tanaka), korga 06e3bpsiHaM TIOJT HAPKO30M MPEBSIBIISIIN COBEPIICHHO
HEBEPOSTHBIE JUIS HBOJIOIIMOHHOMN 3KOJIOTUU U300paKeHHS - (PpaKTabl, KOTOPbIe HCKYCCTBEHHO
reHepHUPOBAIUCH KOMIbIOTEpOM. Ho B JKH3HM TaHHOM 00€3bsIHBI ATH (PPaKTaIIbl CITYKHUIU IS
Hee TAIHBIMH Pe3y/IbTaTaMH B €€ MUIIe00bIBaTeIbHOM MoBeeHNH. [locie Toro, kak 0o0e3bsHa
y3HaBaja Ha UX SKpaHe KOMIbIOTEpa, OHAa MOTJIa Ha)KaTh HA MeJallb U MOJIYYUTh MUIITY.
Oxka3ajioch, YTO HEHPOHBI COXPAHSIOT CBOIO CIIELUATN3ALUIO C CBSI3U C MOMNAAAa0MMU Ha
CeT4aTKy n300pakeHUAMH (ppaKkTaIbHBIX KAPTUHOK XK€ €CJI KUBOTHOE HaXOJUTCS BO CHE,
o Hapko3oM [14]. U moaToMy sicHO, 4TO Takoe 00ydeHHe JOJKHO YXOJIUTh ITyOOKO, B
MOJIEKYJISIpHBIE TIEPECTPOIKHU KIETOK, B U3BMEHEHHE Pa0OThI T€HOB.

10.A. A xoten ObI cenath scHOM ATy no3unuio. C Halel TOUYKH 3pSHUS CIeIUaTu3aliuu
MOKU3HEHHBI. 1 3TO MpUHIIMNIHATBHO BajKHAS BEIlb, YTO OHH MOXU3HEHHBI. KOHEYHO, BBI
MOXKETE€ Ty CUCTEMY, 10 OTHOIICHUIO K KOTOPOH JaHHBII HEUPOH OBLI CIeIMAaTU3UPOBaH,
WCIIOBh30BaTh B KAKOM-TO JIPYroM MoBeAeHUH. M eciii BBl perucTpupyeTe akTUBHOCTh 3TOTO
HEHpoHa, y BaC BO3HUKHET BIIEUATICHHE, YTO OH yMEET Tereph JenaTh APYyroe, He TO, YTO Jemal.
Ha camom xe nene HeWpOH MPUHAIIICKUT TOH K€ CUCTEME, YTO U PaHbIIIE, HO BO3MOXKHOCTH
WCTIOJIb30BAaHUS ATOU CUCTEMBI PACHIHUPUITHCH.

DTO UMEeT, KCTaTH TOBOPSI, OTHOIIIEHUE K MpobIemMe alIMKTUBHOTO noBeAeHus. Hampumep, k
npobneme ankoroiu3ma. [lodeMy BOZHUKAIOT PEIUANBEI AIKOTOJIM3MA JIaXkKe MOCIIEe OUYCHb
JUTUTETIbHON aOCTHUHEHIINH, KOTJja OOJIbHOM YeJIOBEK B TEUCHHE JUTUTEIHHOTO MIEPHOa He
IIpHUHHUMAJ aJIKOI'OJIb. HOTOMy 9TO OAHUM N3 MECXAaHU3MOB O6pa3OBaHI/I$[ 3aBUCUMOCTHU ABJISICTCA
(hopMUpOBaHHE CTICIUANTH3AINI HEHPOHOB OTHOCUTEIHHO AKOTOJIb JOOBIBATEILHOTO
MMOBECACHUS ITPHU XpOHH‘IGCKOfI AJIKOT' OJIN3allnu. HOTOM, IO IPOICCTBUU MHOT'UX JICT OTKa3a OT
QJIKOTOJIs1, 4YeTIOBEK c(hOpMUPOBAT MacCy IPYyrux noseacHuii. HaopMupoBan MHOKECTBO
HOBBIX crienranuzanuii. Ho panee chopmMupoBaHHbBIE «alIKOTOJIBCTICITU(DUIECKHIE)
CHEIHANIM3AIMH Y HETO OCTATUCh. DTH HEHPOHBI, BO3MOXKHO, U YOUTH HENb3S U MEPEyUUTh X
Henb3s1. Bot B ueM mpoOmema.

A.I'. To ecTh, OHU MOTYT OBITb COBMECTHUTEIISIMH, HO TIPH 3TOM MIEPBYIO CBOIO MTPOQECCHIO HE
3a0BIBAIOT.

K.A. EcTb Takoe mpeamnonaokeHue, rpyoo ropopsi.
A.I'. U Bce-Taku TeHBbL.
K.A. Urtak, ecnu 3T0 Ha10/Ir0, TO paboTa reHOB B KJIETKE JOJIKHA U3MEHHUTHCS. U MBI

ONpOoOOBaIM COEIMHUTH BMECTE BA YPOBHS: TOT, 0 KOTOPOI'O MOXHO 100paThes
HEHPOPHU3NOIOrHUECKUMH METOAAMHU, PETUCTPUPYS AKTUBHOCTD KJIETOK, M MOJIEKYJISPHBIH,



CBS3aHHBIN C BHYTPUKIIETOYHBIMUA ME€XaHU3MaMU. To €CTh, JOUTH 10 MOJIEKYJISIPHBIX OCHOB
MTOBEJICHYECKOW CIIENAIN3alMi HEPBHBIX KJIETOK. Takxke, Kak 3TO Jes1aeTcs JUisl IOHUMAHUS
MEXaHU3MOB U (HEPEHIUPOBKH KJIETOK B HMOPHOHAIEHOM Pa3BUTUH, KOT/Ia MBI 3HAE€M, 4TO 3TO
3aBUCHUT OT I'€HOB.

Jj1s 3TOTO MBI HICCIIEI0BAN pabOTy T'€HOB, 3aITyCKAIOUINX B KJIETKE J0JITOBPEMEHHbIE
npeobpazoBanusi. Bo BpeMsi )KU3HU HEPBHOM KIETKH, OBIBAIOT TAKHE CUTYAllUHU, KOT/1a KIETKa
JIOJI’KHA YTO-TO 3alIOMHUTh. MBI [TOKa HE 3HAEM KaK OMPEENIUTh TO, YTO UMEHHO OHa
3allOMUHAET Kax/bli pa3. Ho HaM U3BECTHO, UTO B TOT MOMEHT, KOT/1a 3TO IPOUCXOIUT, B
HEHPOHE BKIIIOYAIOTCS T€HBI, KOTOPBIE, TOBOPSI 04EHb IPUMHUTHBHO, 3aIIyCKAIOT TOJITOBPEMEHHOE
3arnmoMuHanue. OHM Kak OblI TPUTTEPHI, KOTOPbIE TOBOPAT: TO, YTO ceiyac ObLI0, HAJ0
3anoMHUTh. Hy’kHO nepecTpouTs Apyrue reHsl U OelIKK Tak, YTOObI HEpBHAsI KJIETKA U3MEHMIIA
cebs Hazonro. HekoTopoe Bpems Ha3a[ Mbl HAIIUTM TaKUe TeHbI U MX pabO0Ty B MO3Te MOXKHO
YBHUIETb, OKpalINBasl KJICTKU aHTUTEIAMH K UX IPOAYKTaM.

K coxanenuto, cero/iHs oka HEeBO3MOXXHO PETUCTPUPOBATH JJIEKTPHUUECKYIO AKTUBHOCTD
OTJENbHBIX KJIIETOK MO3Ta BO BpeMs ITOBEACHHS U OJTHOBPEMEHHO MCCIIEA0BATh AKTUBHOCTD
TE€HOB B 3THX k€ HeilpoHax. Ho MbI ¢ FOpoit npuaymanu Takoi Tprok. Mbl B3siIu 1711
UCCJIEIOBaHMsI JIB€ 00JaCTH KOPBI TOJIOBHOTO MO3Ta, TJI€ Mbl 3Ha€M, YTO MPOLICHT
CHEIHUATU3UPYIOMINXCS MPU 00y4EeHUU HEMPOHOB OUEHb OOJBIION U 04eHb MajieHbKUH. O/1Ha U3
HHX 3TO TaK Ha3blBaeMas IIUPTyJsipHAs Kopa, T1e npu o0ydeHnu crenuanusupyercs 10 30
nporeHTOB HelpoHoB. Koraa, HampuMep, )KUBOTHOE YYUTCS] HAKUMATh Ha MeJab, YTOOBI
MOJIy4aTh MHUIILY, TO 3TO "HEUPOHBI MeJann", KOTOPhIE BBl BUACIH HA BUI€0. A B MOTOPHOI
00JaCTH KOPBI AOJS TaKUX CHEIUAIU3UPYIOIIUXCS HEHPOHOB OU€Hb MaJIeHbKasi, BCETO
HECKOJIbKO IMpoleHToB. B Hamewm skcnepumente Biagumup [MaBpunos u KOpuii I'puHuenko
PETUCTPUPOBAIH HEHPOHBI U3 ATUX 00J1aCTei MO3ra 00yYEHHBIX KPBIC, KOT/Ia OHU T0OBIBAIH
MUY, HA)KUMas Ha eaib. M u3Mepuiny 4uciio crennaan3upoBaHHbIX OTHOCUTEIBHO HaXKaTHs
Ha renaiab HelipoHoB (puc 10).

AKTMBHOCTb HEiPOHOB KOPbI rONOBHOIO MO3ra KpbiC,
06yuyeHHbIX HOBOMY MOBEAEHMIO

UuHrynspHas kopa
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A 3atem Ounbra CBapHUK B3sj1a IpYTyI0 IPYIILY >KUBOTHBIX, KOTOPBIE YUMIIUCh TOMY XKe
MOBEJICHUIO HAXXATHs Ha Me/1allb, U TIOCMOTpENa KaK B UX MO3Te padoTaeT reH-MapKep
JOJATOBPEMEHHBIX U3MEHEHUH. 1 Ha cieyronieM pUCYHKE MOKa3aHbl, CPe3bl MO3ra KpPbIC,
OKpallleHHbIE aHTUTENaMU K OEJIKOBOMY IPOJYKTY 3TOoro rena c-fos (puc. 11).



3kcnpeccus reHa c-Fos B Kope ronoBHOro Moara Kpbic
npu oBy4YeHUn HOBOMY NOBEAEHUIO
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MoropHasn kopa

Jolwa noacHera weip oMon NMpwseepnd €-FOs ICNPECCHP Y0 mpx HeRponon

3T0 cpe3bl U3 TOM ke 00JIaCTH MO3Ta KUBOTHBIX, T/I€ B IEPBOM CEPHH SKCIIEPUMEHTOB MTPOXO U
PETUCTPUPYIOIINH 2JIeKTPO. 1 BBl MOXeETE YBUAECTh, CKOJIBKO HEMPOHOB aKTUBUPYETCS B 3TUX
JBYX 00JacTsX, KOTJa )KUBOTHOE YYUTCS HA)KMMATh Ha nejaib. Bunure, B IUHTYISIpHON KOpe
9TO 1EJbIX 34 MPOIEHTA, @ B MOTOPHOM KOpEe TaKMX HEUPOHOB IMOYTH HET, BCETO JIMIIb TPU
nporieHTa [15].

Ilony4aercs, 4To B T€X 00JACTIX MO3Ta, I71€ Mbl HAXOJIUM MHOI'O ITOBEIEHYECKU
CHeHaIN3UPOBAaHHBIX HEUPOHOB, NPU 00YUYEHUH BKIIIOYAOTCS T€HBI, 3aIIyCKAOLI1e
3arnoMHHaHue. Takum 00pa3oM, MbI MPOBEIH KaK Obl MOCT MEXKAY OAHUM U TeM k€ (PeHOMEHOM
Ha HEHpOoPU3NOIOrMUECKOM 1 MOJIEKYIISIPHOM ypoBHE. U Tenepsp, onupasich Ha 3TH U3BECTHBIE
T'EHBI, MBI MOKEM H3y4aTh BOIPOC YTO UMEHHO 3aIlyCKaeT ATOT mporecc B reHome. 1 3anaBats
BOIIPOC MMOYEMY 3Ta, a HC ApyTrasd KJICTKa, BKIIIOYKWIAa 3TU I'CHbl B MOMCHT 06yqu1/1$[.

Kpome Toro, MbI Tenepb MOXeM YBHIETb TO, UYTO HEJb3s ObLIO N3Yy4aTh, PETUCTPUPYS TOJIBKO
OJIHY WJIM HECKOJIBKO KJIETOK. MBI MOKEM yBHUIETh KapTUHY 0Oy4€HHUs BO BceM Mo3re. Jlenas
TPEXMEPHYIO PEKOHCTPYKIIMIO aKTUBAI[MHM I€HOB B MO3Te NMPH 00YUYEHUH, MBI MOXKEM BUJETh KaK
paboTaroT 1eNble CUCTEMBI ClIeHnaNu3upyromuxcs HeiipoHos (puc. 12). To ectp, 310
UCCIIEZIOBATENILCKUH ITyTh OT T€HOB K ClIELUaIN3alui HEHPOHOB U 00y4YEeHHUH, a OT
cricnuaian3anuu OTACIIbHBIX HGﬁpOHOB K 3aKOHaM O6’BCI[I/IH€HI/I$I HUX B CUCTEMBI, K
CUCTEMOIECHEBY.

HO.A. Ho BoT ette, 4TO MBI IOJDKHBI 003aTENIbHO CKa3aTh. Beb B Ha3BaHUH Y HAC HE TOJIBKO
«BrOU3M», HO U «aJbTpyu3M». UTO 3TO 3a aJIbTpYU3M y HEUpPOHA U OTKYJa OH OepeTcsl.

Crnenyrormias wutocTpanus, noxanyicra (puc. 13). Ha aToli cxeme n3o00pakeH HEUpOH,
MPUHUMAIOIINI pelIeHre» )XKUTh WK yMepeTh. Korja nporucxoauT paccoriacoBaHue MEXIy
MOTPEOHOCTSAMHU ATOI0 HEHPOHA U COCTOSHUEM €TI0 MUKPOCPE/Ibl, TO HEUPOH aKTUBUPYETCS
BMECTE C IPYTMMHU KJIETKAMU — OPTaHU3M COBEPILAET MOBEICHYECKHUI aKT, a HEMPOH MOJTy4YaeT
HeoOxoMMble MeTaboauThl. Ho Korja B OrbITe HHAMBUAA HET TAKOTO CI10c00a COrIacOBaHUS
AKTUBHOCTH KJIETOK B CHCTEME, KOTOPBI MOT OBl yCTPAHHUTH MTOJ0OHOE paccoriacoBaHue, H,
CJIEI0BATEINIbHO, B IAMSTH HET COOTBETCTBYIOIIETO MOBEJAECHUYECKOT O aKTa, TO AaKTUBUPYIOTCS
paHHUE TeHBI, TOTOM aKTUBUPYIOTCS TIO3IHUE TCHBI, KIIETKa MOAUPUIIUPYETCS U IPOUCXOIHT TO,
YTO Ha3bIBaeTcs cucreMorene3oM. O0pa3yercs HOBasi CUCTEMa — HOBBIHM CIIOCO0 COTIacOBaHUs
KJIETOK, HOBBI MOBeIeHUECKU akT. OTHaKO OBIBAET U APYrol BAPUAHT PA3BUTHS COOBITHIA.
Korna aktuBanusi paHHUX reHoB 3aTsruBaerca. Korna He ynaercs pemuts npobiemy. JloBosbHO



4acTo 3TO OBIBAET B MATOJIOTHH, HATPUMEP MPU HAPYIIEHUH IIEIOCTHOCTH TKaHU. Ho, BeposiTHO,
MOJET OBITh U B HOpPME, B CUTyalluu, KOI'’Ia UHAWUBU 10JII'O HE MOXKET HaUTTU BBIXO/ U3
TIOJIOKCHHA, JOCTUYb PE3YJIbTAT IIOBCACHUS. I/ITaK, B CJIy4a€¢ BO3HUKHOBCHUA CTOUKOTO
paccoriiacoBaHus MEXIY “TIOTPEOHOCTAMH HEHpPOHA U €r0 MUKPOCPEION U MPHU
HEBO3MOKHOCTH YCTPAHUTDh PACCOTIIACOBAHUE B PaMKaX MMEIOIIETOCs OMbITa, KaK B HOPME, TaK
" B IaTOJIOTHUH Y KIIECTKH UMECTCH CIICAYIOIIAasa aJJbTCPHATHBA: U3MCHUTHCS, BOBJICKASACH B
(hopMUpOBaHKE HOBOW CUCTEMBI UJIH YMEPETh.

TpexmepHas peKOHCTPYKUUA KapT
reHOMHOro BO30Y)XAeHUs KNeToK B Mo3re npu obyyeHum

PaccornacoBaHue y HepoHa:
yMepeTk UM U3MEeHUTLCH ?

]

’Ii Kounfucauus ’ ‘s&%

'HEOHEWPOTEHE3 ——

~—p  Hopwma:

Hay4eHue -o:\

Pl - «paHHuen» reHsl
Ml - anoagHue» reHbl
IFC - reHbl «acMepTHU»

K.A. HepBHas cucteMa UIIET pelieHne, FTeHEpUPYET BCe HOBBIE MPOOEHIL.

FO.A. U npepBaHHbIE CTPETOYKHU OKA3BIBAIOT, UTO 3TO JJIUTENbHAS aKTUBALIUS PAHHUX T'€HOB.
Ecnu He ypaeTcst HalTH pelIeHNe, TO AKTUBUPYIOTCS T€Hbl CMEPTU. AKTUBUPYIOTCS T'€HbI



CMEpTH U 3aITyCKaeTCsl TaK Ha3bIBAEMBIH Mpoliecc NporpaMMUpOBaHus KieTouHoi rudenu. Hano
MOTYEPKHYTH, UTO aJIbTEPHATUBA, O KOTOPOU UIET pedb - HE «CUCTEMOIeHE3 WIM CMEPTHY, a JBa
IyTH 00eCreYeHnsl CUCTEMOreHe3a: MOJU(pUKaIMI HeHpOoHa WK ero rudens. biokupoBanue
1r000r0 U3 HUX HapyllaeT CUCTEMOreHeTHYecKHe mporecchl. Takum oOpa3oM, 31ech
MOTYEPKUBACTCSI UMEHHO TMO3UTUBHBIH, B 001II€OpraHM3MEHHOM IUIaHE, aCIIEKT rudeu
HelpoHoB. DaTanbHbIN 715 OTAENBHBIX KIETOK UCXO/]T - THOENIb — MOXHO MPEJICTaBUTh ce0e B
KayecTBe HEM30EKHOH IJIaThl 32 BO3MOXKHOCTh OCYIIIECTBICHHS YCIICIIHOTO CUCTEMOI€HEe3a Ha
MPOTSKEHUH BCETO MHIMBUIYaIbHOTrO pa3BuTus. [lpeanonaraercs, 4ro saMMUHALMS HEHPOHOB
BHOCHT BKJIaJ] B MPOLIECC (OPMUPOBAHUSI HOBBIX CUCTEM MPU HAYYEHUHU — B CHCTEMOTEHE3.

A.T". CamoyOHiiCTBO 11O CYTH.

10.A. Jla, coBeplIeHHO BEpHO. DTO U HA3bIBAETCS KJIETOUHBIN cyulua B aurepaTtype. Ho,
COOCTBEHHO, UTO s XO4y CKa3aTh U JIyMaro, 4YTO 3TO BaXKHO, - 3TO HE IPOCTO CYHIIH], & OH
IBTPYUCTUYHBIA cynnua. To ecTh, KJIeTKa MIPUHUMAET PELIeHHE O TOM, YTOOBI YOUTh ceOs 1
MO>KHO TIPEIIoIaraTh, YT0 CaMOYOUHCTBO - OJIMH M3 CIIOCOOOB y4acTHs 3TOH KIETKH B
CUCTEMOTeHe3e. DTO YCTPAaHEHHE CBOMX MOTPEOHOCTEH U3, €CITU XOTHTE, O0IIETO «PhIHKA
noTpeOHOCTE!», YIPOIIEHHE CUTYAIIMH, KOTa KIETKH MBITAI0TCSI OPraHU30BaThCs, a
MoTpeOHOCTH HaIIeH aTbTPYUCTUYHOM KIIETKH HE BITMCBHIBAIOTCS] BO BHOBD CO3/1aBaEMYIO
WHTETPALIMIO U HE MOTYT OBITh H3MEHEHBI TaK, YTOOBI BIUCHIBAHHE CTAJIO BO3MOKHBIM.

[TonoGHBIIM anbTPyUCTUUHBINA CYHUIIU KJIETOK B HEpBHOW crcTeMe OblT MOKa3aH, HallpuMep, Ipu
W3y4YEHUU BIUSHUS Ha HEUPOHBI BUPYCOB, KOTOPBIE IOPaXKaroT HEPBHYIO cucteMy. Korna Bupyc
1oTajiaeT B HEPBHYIO KJIETKY, TO B HEH, B 3TON HEPBHOMU KJIETKE, BKIIOYAETCS ammapar
camoyouiictBa. [Toromy 4TO eciu KjieTka ycreBaeT cedsi yOUuTb, TO BUPYC B HEH HE MOXKET
Pa3sMHOXKUTHCS. Ml HHTEPECHO, YTO BUPYCHI B OTBET HA ITO «IIPUIYyMAIN» CIIOCO0
MPEIOTBPALICHHSI HEHPOHHOTO CYHIIUAA: HEKOTOPHIE BUPYCHI HAYYHIIUCH OJIOKUPOBATH armapar
KJIETOYHOTO CaMOYyOUHCTBaA.

W s nomkeH cka3aTh, 4TO JUIs aJbTPyHU3Ma KIETOK MHOTOKJIETOUYHOI'O OPraHu3Ma UMEIOTCS
HBOJIIOIMOHHBIE TPEANIOCHUTKH. OTFcaHa ambTPyUCTHYECKAs THOEIh Y OHOKIETOUHBIX (aMeObI
Dictyostelium discoideum), koTopble MPUHOCAT ceOsI B )KEPTBY APYTUM KJIETKaM CBOETO KJIOHA,
oOecrieunBast 3a cueT (HOPMHUPOBAHHS HEKH3HECTIOCOOHOTO CTEPIKHS, CYIIIECTBOBAHNE BPEMEHHO
(opMUpYIOLIErocss MHOTOKJIETOUHOro o0pa3oBanus. OctanbHble (0Ko10 80 %) KieToK
MIPEBPAIIAIOTCS B ’KU3HECTIOCOOHBIE CIIOPHI, COCTABIIAIOMINE 3TO 0Opa3oBanue. Kierku Hamero
OpraHu3Ma TOXKe MPUHAISKAT K OAHOMY KJIOHY. M OHM Takke mpUHOCAT ceOs B )KEPTBY,
MIPOSIBIISISL B OTIPE/ICIICHHOM CMBICTIE aTBTPYH3M TSI BEIXOJIa M3 CHTYalluH, KaK B HOpME TIPH
Hay4YeHUH, TaK U B NIATOJIOTHH, B KOTOPOii, KaK U B HOPME, HIMEET MECTO CUCTEMOTEHE3,
(hopMHpOBaHHE HOBBIX CIIOCOOOB BEDKHUBAHMS.

A.T'. Bece. Bpemst 3akonunsock. Tonbpko nociennuii Bonpoc. Benp Heliponsl ruOHyT. U ObIBaeT,
YTO 3Ta CMEPTh HE ecTecTBEHHAsl. CKa)keM, NOBPEXKIEHUE MO3Ia, YEPEITHO-MO3I0Basi TpaBMa.

FO.A. D10 npyras Beib. ITO HE CYULIU/.

A.l'. 5l noHrMar0, HO MPOCTO B TAKOM CJIy4ae T€ HEUPOHBI, KOTOPBIE YIIEJIEIH, U Y KOTOPBIX
Jpyras creluanin3anus, MOryT B34Th Ha ce0sl PyHKIMIO TeX HEHPOHOB, KOTOpBIE MOru0In?

10.A. B nepByro ouepean s 3TOM PO MOKET OBITh TIOJIXOISIT BHOBB TOSIBIISIIOLITUAECS
HelpoHsbl. Celuac cTano U3BECTHO, YTO HEHPOHBI HE TOJIBKO THOHYT, HO U BHOBB IOSBIISIOTCS B
MO3T€ y B3pOCIIoro oprann3ma. [lokazaHo, 4To MpH JOKaIbHBIX TOBPEKICHHUIX MO3Ta 3TH BHOBb
MOSIBUBLIMECS] HEMPOHBI MUTPUPYIOT K OYary MoBpeXIeHUsA. A BOT KaKe€ UMEHHO KJIETKH OHU



«3aMeIaT» — 3TO BONPOC. To 11 OHU COCTABISAIOT PE3EPB IS MOCIEAYIOLIETO CUCTEMOI€HESA,
JUTsl OTOOpA HOBBIX KJIETOK IpH HayuyeHuu. To i oHu 3amemarot norudmmue. Hanpumep,
MPEINOI0KHUM, YTO ObLIa CUCTEMA, K KOTOPOU MPUHAIJIEKAIO ONPEAeIEHHOE YUCIIO KIETOK.
Oty kieTku norubnu ¢pusndecku. Ho He Tak Kak s BblIIE paccKa3blBal — 1P aIbTPYUCTUYECKOM
CYHUIIHJIE, @ HEKPOTHUECKHU, OHU OBLIM HEMOCPEACTBEHHO MOBPEXKIACHBI. MOXKHO JIH UX
3amectuts? 11 MeHs1, HanpuMep, 3To Bonpoc. HykeH 11 HOBBINM CHCTEMOTEHE3 IS 3aMEIICHUS
9THX KiIeTok? Eciin HyXeH, Torja 3To yke He Ta cuctemMa. MoxkeT ObITh, 4YTO UMEIOT MECTO 00a
BAPHAHTA.

K.A. 351ecy oueHbr MHOTO HHTEPECHBIX BOIIPOCcOB. Ho Koe-4To yke ceilyac sICHO ¢ HeMpOreHe30M
B BO B3pOCIIOM Mo3re. Bo-iepBbIX, OH MPOTEKAET B OU€Hb HEOOJIBIIOM KOJIMYECTBE MECT B
HEPBHOM CHUCTEME MJIEKOITUTAIOIMMX. Y PhIO U MTHUIT 3TH 00JaCTH Topasno mmupe. Bo BTopbix
SICHO, YTO €CTh M JIPYroi mpoIiecc - OOJIBIION MPOIEHT HOBBIX HEMPOHOB TMOHET B MEPBHIE
HEJIeJIN MOCIIe TOro, Kak OHU poanInch. Y ObUIO yCTaHOBIIEHO, YTO B TEX CUTYaALUAX, KOT/Aa
MIPOUCXOIUT MOCTOSTHHOE 00yUeHHUe U BCe BpeMsl OPMUPYIOTCS HOBBIE CUCTEMBI, BEKUBAET
OuYeHb MHOT'O HEHpOHOB. Eciu ke )KMBOTHOE JTUIIEHO BO3MOXKHOCTH 00pa30BhIBATH HOBBIN OIIBIT,
3HAYUTEIbHAS YaCTh BHOBb POXKIAIOIINXCS HEHPOHOB THOHET.

FO.A. To ecth, ueM OoJibllIe KUBOTHOE YUUTCS, TEM OOJIBIIE BEDKUBACT KJIETOK. Miu, ckaxewm,
TEM MCHBIIIC YMHUPACT.

A.I'. Yem oHM BocTpeOOBaHHEE, TEM OHH YCIIEIITHEE.
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