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KAK NMOABUNACH 3TA KHUTA

Ve Ha npoTsbkeHuH 30 steT MbI npenojaeM kypce “HeiipoHayku: 3HaKOMCTBO
C HEPBHOI1 CMCTEMOI1”, KOTOPBIi MOJIb3yeTCA 60IbIIKMM ycniexoM. B Yausepcu-
TeTe BpayHa, rae u 3apoJuIcs JaHHBIA KypC, €ro Npocyllial IPUMEPHO Kax-
AbIil YeTBEPThI CTYAEHT. [l OJHUX CTYJEHTOB OH CTaJl HaYyajlOM Kapbepbl B
HeWpOoHayKax, JJs APYrUX OH ObLI € IMHCTBEHHbIM HayYHBIM KypPCOM, KOTOPBIi
OHU IPOXOJUJIM B KOJLJIEXKE.

YcnemHocTbh 03HAKOMUTEIbHOI HEHPOHAaYKH OTpa)kaeT BOCXUIEHHE U JIO-
GOIBITCTBO, KOTOPbIE MbI BCE NPOSBJsAEM B OTHOUIEHUH TOTO, KaK MbI UyBCTBY-
€M, IBUTaeMCsl, BOCIpUHUMaeM U AymaeM. OJHAKO, KpOME 3TOrO, yCIeX JaHHO-
ro Kypca 3aBUCHUT OT TOrO, KaK OH IPEMOJHOCUTCS U Ha YTO B HEM O6pallaeTcs
oco6oe BHUMaHUe. Bo-nepBbiX, OH He NpeAbABIAET HUKAKUX TpeGOBaHMII K
YPOBHIO NOATOTOBKY CTYJ€HTOB, IOTOMY 4TO 3HaHUSA B 06JACTH GUOJIOTUH, XU-
MUHU U (PU3NKH, HEOOXOJUMbIE Il TOHUMAHUS HEHPOHAYK, IPUOGPETAIOTCSA
II0 XO/ly caMoro Kypca. birarogaps TakoMy noaxojy Mbl MOXEM GbITb YBEPEHbI,
YTO HY OJVH CTYAEHT He GyJleT OTCTaBaTh. BO-BTOPBIX, MBI IIMPOKO UCIOJIb3YEM
IpUMepbl U3 peajbHOrO MUPa, IOMOP U IIYTKH, YTOGLI I0Ka3aTh CTYJ€HTaM, YTO
3TO HAayKa MHTEPECHas, JOCTYIHas, yBJleKaTelbHasA U Becenas. B-rpeTbux, xypc
HE OXBATbIBAET HEHPOOUOJIOrUIO B 1leIoM. OH COCPEAOTOYEH HA MO3T€ MJIEKO-
NUTAIOIUX U, T/le 3TO BO3MOXHO, Ha YeJloBe4ecKkoM Mo3re. IToaTomy kypc ouenn
HaIlOMMHAET TO, YeMy O6Y4aloT GOJILIIMHCTBO CTYAEHTOB-MEAUKOB HauyalbHbIX
Kypcos. Ilogo6Hble Kypcbl CErOHS JOCTYIIHBI BO MHOTUX KOJUIE’KaX U YHUBEP-
cuTeTax Ha Kadeapax ICUXO0JOTUH, GUOJIOTUU U HEIPOHAYK.

ITepBoe u3ganue Hallel KHUTY Mbl TOATOTOBUJIM KaK OGLIEAOCTYNHbII y4es-
HUK )15 Kypca “HeitpoHayku: 3HaKOMCTBO C HEPBHOI1 CUCTEMOI”, B KOTOPOM
ONMCAIU CyTh IPeAMETAa U METO/ NIPENoJaBaHuA, CleIaBIIMil KypC TaKUM ycIell-
HbIM. OCHOBBIBAsICh Ha OT3bIBaX CTYJ€HTOB U HAlIUX KOJUIET U3 JPYTUX YHUBED-
CUTETOB, Mbl PaCUIMPUJIM BTOPOE M3JAHHE, BKIIOYMB B HETO GOJIbIIE TEM IO
MOBEJIEHYECKUM HEpOHayKaM U J06aBUB HOBbIE CBEJCHUS, KOTOPbI€ IIOMOTYT
CTYAEHTaM JIydllle IOHATh CTPOEHUE MO3ra. B TpeTbeM U3aHUM Mbl COKPAaTHIN
TJIaBbl TaM, II€ 3TO BO3MOXHO, yess 6oJblile BHUMAHUA OOIUM MPUHIIUIIAM
Y MEHblIE — [IETANAM, U CAEJalI KHUTY enle 60Jiee JOCTYIHOM AJIS OJIb30BaTe-
nel, yaydmus odpOpPMIEHHE U Ka4eCTBO WLmocTpauuil. IToxoxe, 4To Mbl Bee
JieJ1ajii IPaBUJIbHO, TOTOMY YTO C€i4ac KHUIa 110 BCEMY MUPY CYMTAETCSA OJHUM
M3 CAMBIX MONYJIAPHBIX U3JaHUH I 3HAKOMCTBA C HEHPOHayKaMH.
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HOBOE B YHETBEPTOM N3OAHNA

Co BpeMeHH y6IMKaLMK TPETHETO U3JJAHUA B HEIIPOHAYKaX CIyYMJIUCh IPO-
CTO MOTpsACaomMe OTKPbITUA. PacmgppoBka ye10Bey€CKOro reHomMa onpas/ja-
J1a CBOe 06elane U3BMEHUTb BCE, YTO Mbl 3HAaeM O HallleM Mo3re. Tenepb Mbl
MOX€M BU/IETb, KaK HEPOHbI Pa3/MYaIOTCs HA MOJIEKYJISIPHOM YPOBHE, U 3TH
3HAaHUA HCIOJb30BAJUCh A Pa3paGOTKH PEBOJIOLMOHHBIX TEXHOJOTHI IO
OTCJIEXXUBAHUIO UX (PYHKIUI. BbUIM OTKPBITBI F€eHETUYECKHE OCHOBbI MHOTHX
HEBPOJIOTUYECKUX U MCUXUATPUUYECKUX PACCTPOICTB. MeTOAbI T€HHOM UHXe-
HEPHUM CJeIAIM BO3MOXHbBIM CO3/JaHUE JXUBOTHBIX MOJIEEi ISl MCCJIEAOBAHUS
TOTO, KaK T€Hbl ¥ TEHETUYECKH ONpeJieJIeHHbIE CXeMbI BJIMAIOT HAa paGOTy MO3ra.
KneTku xoxu nauueHTa 6b111 TpaHC(GOPMUPOBAHbI B CTBOJIOBbIE KJIETKH, A TE
6bLIM TPaHC(POPMUPOBAHBI B HEHPOHBI, YTO NO3BOJIMJIO HAM NOHATD, KaK Hapy-
IAIOTCA KJIETOYHble (PYHKIMU NPU GOJE3HAX U KaK MOXHO BOCCTaHABJIUBATDb
Mo3r. HoBble TeXHOJIOrMY BU3yaIM3alluM U BIYUCJIEHUS A€IalOT pealbHON Mey-
TY O CO3/laHUU CXEMBbI BCETO YeJI0BEYECKOT0 MO3ra. L{e/ibio 4eTBEepPTOro U3 jaHus
6bLJIO CAENATh 3TU U MHOTHE JPYTUe BOCXUTUTEIbHbIE OTKPHITUS JOCTYIHBIMU
AJiSl CTYI€HTOB, BIIEpBbl€ 3HAKOMSANIMXCSA C HEPOHAayKaMH.

Bce aBTOpBI ABAAIOTCA HEIPOYYEHBIMU, U MBI XOTUM, YTOObLI HAlIM CTYAEH-
ThbI IOHUMaJIU BCIO NPeJIECTh UCCIEOBAHUS MO3Ta. YHUKAIbHO OCOGEHHOCTDIO
Halleil KHUTU ABJIAIOTCA Bpe3KU “Jloporoit OTKPLITHIA”, B KOTOPBIX U3BECTHbIE
HepOy4YeHbl€ PACCKa3bIBAIOT UCTOPUHU O CBOMX COOCTBEHHBIX OTKPLITUAX. ITU
3CCe MMEIOT HECKOJIbKO LieJieil: OonucaTh Helepe/JaBaeMble OLIyIEeHUs IepBo-
OTKpbIBaTEJIsl, IPOJAEMOHCTPUPOBATh BAXXHOCTh YIIOPHOH PaGOThI U T€pIEHUS
(a Taxxe Be3eHUS U UHTYMIUH!), IOKa3aTh YeJIOBEYECKYIO CTOPOHY HAayKH, pa3-
BJi€Yb U BJOXHOBUTb YUTaTE/s. Mbl COXpaHUIHU 3Ty TPAAULMIO B YETBEPTOM
U3JaHUMY, B IIOATOTOBKE KOTOPOTO Y4acTBOBAIM 26 yueHbIX, B TOM 4HcJIe HOGe-
JeBckue jaypeaTbl Mapuo Kanekxu, 9pux Kanpen, Jleon Kynep, Meit-bpurr
Moszep u dasapa Mosep.

OB30P MATEPUNATA

Hameji 11e/1b10 py HANMCAHUU KHUT Y GBLIO 3I0XKUTh IPOYHbIi PyHAaMEHT
o0mMX 3HaHMiI o Helpo6uoorum. Ilpeanosaraercs, yTo yUTaATEAb OYAET U3-
y4aThb IJIABbI 11O MOPSIKY.

B rnaBe 1 Mbl 06paTUINCh K HCTOPUHU, YTOOBI PACCKA3aTh O 6a30BbIX IPUHIIU-
nax ()yHKIIMOHUPOBAHUS HEPBHOI CUCTEMbI U BKpATL€ ONUCATh, KAK CETOAHS
NPOBOJATCSA HEMPOHay4YHble McceJoBaHusA. Peub Takxe noiiieT 06 aTUKe Heil-
POGUOJIOTMYECKUX UCCIEAOBAHUIA, B YaCTHOCTH T€X, B KOTOPBIX UCIOJIb3YIOTCSA
JKUBOTHBIE.
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B m1ase 2 MbI cOCpeIOTOYMMCS INIABHBIM OOpPa30M Ha KI€TOYHOU GUOJIOrHU
HeifpoHa. 9Ta UHpOpMaIUs KpailHe HEO6XOJUMa CTYJEHTaM, KOTOpble He UMe-
IOT ONbITAa U3y4EHHUS GUOJIOTUH, HO Mbl TAK)XKE 3HAEM, UTO HAlll 0630p MOJIE3EH
Y U151 CTYAEHTOB C XOPOWMMHU 6a30BbIMU 3HAaHUAMU GHooruu. ITocie sHakoM-
CTBa C KJIETKOH U €€ OpraHe/ulaMu Mbl IEPEHZIEM K OOCYKAE€HUIO CTPYKTYPHBIX
OCOGEHHOCTEH, KOTOphIE JAENAl0T HEHPOHbI M UX MOAAEPKUBAIOIIUE KIETKU
YHUKaJIbHBIMH, MMOAYEPKHYB B3aUMOCBA3b CTPYKTYpbl U (pyHKIUU. MBI Takxke
NpeACTaBUM HEKOTOPblE€ NPUEMbI F€HHOI MH)XXEHEPUH, KOTOpbIE OGBIYHO MC-
HOJIb3YIOTCS HEHPOYYEHBIMM JJIsi U3YUYeHUS (PYHKIMOHUPOBAHMUS Pa3TMUYHBIX
TUIIOB HEPBHBIX KJIETOK.

I1aBb1 3 u 4 nocBsmEeHb PU3HOJIOTUU HEIIPOHHOI MEMOPaHbL. Mbl U3JI0XUIN
6a30Bble XUMUUYECKUE, (PUBNIECKUE U OGHOJOTMYECKUE XapaKTe PUCTUKH, [103BO-
JIAI0IKE HEfPOHAM NPOBOAUTD 3JIEKTPUUYECKHE UMMYIbChl. Mbl O6CY IUM IPUH-
ILIMIIBL, JI€XKAI[M€ B OCHOBE HOBOT'O PEBOJIIOLIMOHHOT'O METO /A ONITOr€HETUKHU.

B mraBax 5 u 6 peub uaeT 0 MEXKHEMPOHHBIX CBA3SX, B YACTHOCTH O XUMUYe-
CKOi1 cMHanTU4Yeckoil nepejaye. B maBe 5 npeacTasiens!l o6uMe TPUHIUIbI
XUMHUYECKOH CMHANTUYECKO}l nepeaayu, a masa 6 60Jiee noApoGHO OCBENIAET
HEHPOMENUATOPbl U MEXAHU3MbI MX J€HCTBUA. MBI TakXe ONMIIEM METOADI,
NIPUMEHSIEMbIE CETOAHSA AJIS U3yYEHUS XMMUU CUHANITUYECKOI epeayu.

B m1aBe 7 onuchiBaeTCs MAKpPOAHATOMUSI HEPBHON CHCTEMBI. 31€Ch MbI CO-
CPeAOTOYMMCS HA OOINEM IUIAHE OPTaHMU3ALMU HEPBHOM CHCTEMbI MJIEKOIUTA-
IOIINX, OTCJIEANB SMOPHOHAIbHOE Pa3BUTHE MO3ra. Mbl IOKaXXEM, YTO OCOGEH-
HOCTU 4€JIOBEYECKOTO MO3ra fIBJISIOTCS NMPOCThIMUA PA3HOBUJHOCTSAMHU OOLIETO
IJIaHa, IPUMEHUMOrO KO BCEM MJIEKOMUTAIOIUM. MBI MpEACTaBUM BaM KOPY
MO3ra ¥ HOBYIO OTPac/b HEHPOHAyK — KOHHEKTOMHUKY.

ITpuoxeHue K 1aBe 7 OXBaThIBAET MOBEPXHOCTHYIO U ITOCJIOHYIO aHATOMHUIO
CPE30B rOJIOBHOIO MO3ra, CIMHHOTO MO3ra, aBTOHOMHOM HEPBHOM CUCTEMBI, de-
PENHbIX HEPBOB M KPOBOCHAG)XKEHHS MO3ra. KOHTpOJbHbIE BONPOCHI IIOMOTYT
CTyleHTaM BbIyYUTb TEPMUHOJIOIUIO. AHATOMUSI NpeACTaBJ€Ha U30MPATE/bHO,
Ha 6a30BoM ypoBHe. Kak oka3anoch, CTyleHTbI IOGAT U3y4YaTh AHATOMMIO.

NnomoLb CTYOEHTAM B OBYHEHUUA

Hama xHura He gBg€TCs HCUEpNbIBAIOIUM pyKoBoAcTBOM. OHa 3ayMbIBa-
Jlach KaK JOCTYIHBIN y4eOHUK, 3HAKOMSIIIUI CTYJE€HTOB C BAXXHEHIINMU ITPUH-
numnaMu HeiipoHayku. YTo6bl MOMOYb CTyl€eHTaM B M3y4EHUHM MaTepUaIa, Mbl
Pa3HOO6pa3nIM NoAavy HHGOPMALMU C IOMOIIbIO CJIEAYIONIMX IPUEMOB.

KpaTkoe n310)xeHHe IIaBbI, 2 TAK)KE BCTYIUIEHHE U 3aKUTI0OYUTe IbHEIE
NpuUMeYaHHusi. ITU 3JIEMEHTHI IIPE/IIIECTBYIOT KaXJOH IIaBe, 3aK/1a/IblBa-
IOT OCHOBY Y IIP€OCTABJIAIOT MaTepUal € 60J1ee NN POKO TOUKU 3pEHH .
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Bpesku “9To uHTepecHO”. ITU BpE3KU pa3paboTaHbl I IpeJCTaBJe-
HUSA 3HAYUMOCTHU MaTEPHAIA B €XEJAHEBHOM XXU3HU CTYJEHTOB.

Bpesxu “Ha nepennem xpae Haykn”. 31echb npejiaraeTcs 60Jiee Clox-
HbIIf MaTepuas, U3yYeHHE KOTOPOro HEOOA3AaTEJbHO B O3HAKOMHUTEJIb-
HOM KypcCe; Mbl BKJIIOUMJIM €O JJISl TEX CTYJEHTOB, XEJAIOUUX IIy6xKe
H3Y4YUTb BOIPOC.

Bpeskn “JIoporoii OTKpbITHIA”. ITH KOPOTKHE 3CCE, HANMCAHHbIE IIepe-
JOBBIMU HCCJIEJOBATENSMHU, JEMOHCTPUPYIOT IIMPOKUII CIIEKTP OTKPBI-
THI1 1 KOMOMHALIUIO TSDKEJIO paGoThl U CYACTIMBOTO CJIydasi, KOTOpbIe
IIPUBEJIH K OTKPBITUAM. DTH CEKIIUU NIEPCOHATN3UPYIOT Hay4YHbIe UCCIIe-
JOBAaHUSA U YIIyOJISIOT MOHMMaHUE YUTaTesleM MaTepHUala IJIaBbl U €ro
IIpUMEHEHHE.

KnoueBble TepMuHbI M I0occapmii. Heliponayka uMeeT cO6CTBEHHbI
A3bIK, U YTOGBI MOHUMATb €ro, Bbl ZOJDKHBI U3YYUTh TE€PMUHOJIOTHIO.
B Texcre xaxa0ii MIaBbl BaXKHbIE TEPMMHBI BblAEJIEHBI XXUPHBIM WP -
ToM. JI 151 06J1eryeHus 3aNIOMUHAHUS 3T TEPMUHBI IIPE/ICTaBJIEHbI B BUJE
CIMCKa B KOHILE KaX IOl MIaBbl B alhaBUTHOM Nopsfike. Te jxe TepMUHBI
BMECTE C OIpeJieIEHUSIMU COGPaHbl B KOHIIE KHUTY B NIOCCAPUU.

Bonpocs! pus camonpoBepku. B koHIle KaXX0i IIaBbl €CTb KOPOTKHUIA
CNMCOK OG30PHBIX BOIIPOCOB, pa3paGOTaHHBIX CIIELMAIbHO, YTOObI CTHU-
MYJIMPOBATh MBILIIEHUE U IOMOYb CTYACHTAaM HHTErPHUPOBaTh HOBBII Ma-
TepHal.

JdonoHuTe IbHasA JMTepPaTypa. B koHIe kax10i1 I1aBbl Bbl HAWJETE CIIU-
COK OTHOCHUTEJIbHO HeJJaBHUX OG30PHBIX CTaTell (Ha aHIIMIICKOM S3bIKe).

BHyTpeHnMne 0630pbl HelpOaHATOMHYECKHX TepMHMHOB. B riase 7,
MOCBSIIIEHHO aHATOMUM HEPBHOI CHUCTEMBI, IOBECTBOBAHUE 1€ PHOJIU-
YeCKH NPEPbIBAETCA KPATKMMHU CJIOBAPSAMHU JJISi CAMOKOHTPOJISA, KOTOPbIE
CIOCOGCTBYIOT YCBOGHHUIO MaTepUaia. B mpuloxeHu k riiase 7 npeAcTaB-
JIEH paclIMPEHHbIN ONPOCHUK B BUJe paboyeil TeTpaJy € 3alaHUsAMU.

IIBeTHBIe WwuTIOCTPpanuu. Mbl CYMTAaeM, YTO CWJIA WIIIOCTpaLMii HE B
TOM, YTOOBI 3AMEHUTb COOOI1 THICAYY CJIOB, 2 B TOM, YTOObI KaXJas U3
HUX HECJIa OJHY KOHKPETHYIO MbICJIb. [IepBO€ u3gaHne 3TOi KHUTH yCTa-
HOBUJIO HOBBI1 CTaHAAPT WIIIOCTPALil B HEHPOHAY4YHbIX pa6oTax. YeT-
BEPTOE M3JaHUE OTPAXAeT yJydllEHHWE AM3aiiHA MHOTUX PHUCYHKOB W3
IpeAbIAYIUX U3JaHMI1, a TaK)Ke BIJIIOYAeT MHOXKECTBO HOBBIX IOTpSACa-
IOIMX WUIOCTPauMii. B KHUre wumocTpanuu NnpejacTaBie€Hbl B YEPHO-
6€eJ10M BapuUaHTe, a MOJHOUBETHbIE WUIIOCTPALMU Pa3MEIEHbI HAa CaliTe
1o azgpecy http://go.dialektika.com/neuroscience, rae ux Mox-
HO HM3y4YaTb 60Jiee MOAPOOGHO — YBEJIUYUBATh, CDABHUBATD, IEPEHOCUTD
Ha 60Jiee yJOOHbIE HOCUTEIM.
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B nanexom 1993 rogy, korna Mpl B3sUJIMCh 32 HallMCaHHE IIEPBOTO M3JAAHUSA
KHHTH, HaM NTOCYaCTIMBUJIOCh PaGOTaTh B TECHOI GJHM30CTH C IPYMIOil BECh-
Ma IeJIeyCTPEMJIEHHBIX U TaJaHTIUBBIX mofeil — batcu Junepuus (Betsy
Dilernia), Katsmu n Po6om Jakyosnamu (Caitlin and Rob Duckwall) u Ceio-
3aH Murep (Suzanne Meagher), — koTopble MOMOIIM Halle(l KHUre JOGUTLCH
ycnexa. BaTcu ocTaBatack HallMM peJaKTOPOM IIPH paGoTe C IEPBBIMU TPEMs
u3JaHuAMU. Bojblleil yacTbio Hallero ycrnexa Mbl 0653aHbI €€ 3KCTPaOpAU-
HAPHBIM YCUJIMSAM IO YJIy4YIIEHUIO SCHOCTH U3JIOKEHUS U 0(POPMIEHUS KHUTU.
3acyKeHHbI BbIXOA B3TcH Ha MEHCHUIO BBHI3BAI CMATEHHE B KOMaHJE aBTO-
POB, HO GJarojapsi CYaCTJIMBOI cayyaifHOCTH Mbl BcTpeTuan Toma Jloxaaca
(Tom Lochhaas), koTopblii B3siics 32 pa6oTy HaJ 4eTBEPThIM U3JaHueM. Tom,
KOTOPBIIf M CaM IHMIIET KHUTH, pasfeisn BHUMaHUe BaTcu k geTtansam u He
MO3BOJIS/I HAM JIEHUBO MOYMBATh Ha JIaBpaX. Mbl TOPAMMCS Y€TBEPTHIM U3Ja-
HHUEM Hallleil KHUTU U HEeCKa3aHHO 6yarogapHbl Tomy 3a TO, UTO He MO3BOJIU
HaM CHM3UTb BbICOKME CTAaHJApThl KauecTBa. C Halleit CTOPOHBI GbLIO GbI He-
IPOCTUTENbHBIM YNYIEHUEM HE IOGJarofapuTh €ro TakXe 3a Xopollee Ha-
CTpPO€HHUE U TEPIIEHUE, HECMOTPS Ha 3aTPYKEHHbII1 rpad UK U MepUOANYECKHE
OTBJIEYEHUS ABTOPOB.

Crnenyet ynoMsaHyTb, YTO, HECMOTPA Ha rofibl pa6oThl — 21 200!, MbI CMOTIIU
HPOJOJIXUTbL cOTpyAHNYecTBO ¢ KaTmuH, Po6om u Cpio3aH U B 3TOM U3JaHUM.
Dragonfly Media Group, npunaanexamas Keittiun u Po6y, c momomsio u npu
koopauHauuu Jxenugep Kaementc (Jennifer Clements) nmpegocrasuia KoH-
LEMIHIO WITIOCTPUPOBAHUSA KHUTH, U €€ Pe3y/IbTaThbl FTOBOPAT CaMH 3a ce6s. Xy-
JIOXHUKH IPOCTO B35JIM HAIIM UJIEU, ITIOPOIf pacIUIbIBYATbIE, U IPEBPATUIIN UX B
IPEKPACHYIO pealbHOCTb. KauecTBo puCyHKOB Bcerja 6b10 B IPHOPUTETE Y aB-
TOPOB, U MBI OYEHb Pafibl, YTO OHH CHOBA MPEACTABIIIN TBOPYECKYIO MPOrpaM-
My, KOTOpasi IIO3BOJIMT HaM U BIIPeAb HACIAXAAThCS 3BAaHUEM OJHOM U3 CaMbIX
60raTo HLTIOCTPUPOBAHHBIX B MUPE KHUT 110 HelipoHaykaM. Hakonen, Mbl B He-
oraTHOM joJry nepej Cpio3aH, KOTOpas IoMoraja HaM Ha KaxJom mary. bes
€e HEBEPOSATHOI MMOMOIIY, MOJAEPXKKH U MTPEJAHHOCTH 3TOMY NPOEKTY KHHTa
HUKOTJa 6bl He BblLIA. “Cbl03aH — ThI JIy4lIas (Mo-npexHeMy)!” — 3TO yTBepxk-
JEHUE CETroJiHsA CITpaBeJIMBO TOUHO TakK Xe, Kak U B 1993 roxy.

B Tekymem u3gaHUM Mbl IMEEM YJOBOJIbCTBHE N106Iar0JapUTh HOBOTO YJIEHA
Haweii komauAbl, JIunay ®panuuc (Linda Francis). JIunaa pykoBoguT npoekTa-
MU B usgaTenbctse Lippincott Williams & Wilkins u TecHO coTpyAHMYaIa C HAMU
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OT Hayasa 0 CAMOTO KOHIIa, IIOMOTast BbIJIEP>KHUBATh JOCTATOYHO KECTKUI rpa-
¢uk. Ee appekTUBHOCTD, TMOKOCTb U UYBCTBO IOMOPA GbLIM BHICOKO OII€HEHbI
BceMu. JIMHa, HAM OYeHb NOHPAaBUJIOCh PaGOTATh C TOGOI!

B uzparenbckom jese pefakTOpbl NPUXOAAT U YXOAAT C Myraroouieil 4acro-
toit. Ho oauH ctapumii pegaktop B Lippincott Williams & Wilkins npuaepaxuba-
€TCsl CBOETO Kypca M OCTaeTCsl HEMOKOIe6MMOIi CTOPOHHMIIEI Halllero IPOEeKTa:
Amuu Jlynam (Emily Lupash). Mbl 61arogapasl OMUIM U BCEM COTPYAHUKAM
€€ OTJej1a 32 TePIIEHUE U IeJIeyCTPEMJIEHHOCTD B paGoTe HaJ 3TOi KHUTOi1.

Mb1 BHOBB XOTUM IOGJIAr0JapUTh CO3/aTe el M HbIHEUIHUX KYpaTOpOB Hel-
POHAy4YHOIT IPOTPaMMBbI [ CTYJ€HTOB B YHUBepcuTeTe Bpayna. Mel 61aroja-
puM Mutuena Imukcraitna (Mitchell Glickstein), ®opaa 96uepa (Ford Ebner),
Jxeitmca Maxunseiina (James Mcllwain), Jleona Kynepa (Leon Cooper),
JxeitMca Augepcona (James Anderson), Jlecin Cmura (Leslie Smith), [I>xona
Jounoxnio (John Donoghue), bo6a ITarpuxa (Bob Patrick) u Jxona Craitna
(John Stein) 3a ycuius, KOTOpble OHM IPUJIOXMIU, YTOGBI MOJHATH IIPENO/aBa-
HUe HEHPOHAyK B YHUBEpCUTETE bpayHa Ha ypoBeHb BLICOKOM HayKU. Takxe Mbl
6marogapubl Ceb6actbany Ceynry (Sebastian Seung )u Monuke Jlungen (Monica
Linden) 3a ux MHHOBAaLIMOHHBII BKJIa /i B pa3BUTHE O3HAKOMUTEIbHOI1 HeIpOHa-
yKM B MaccauyceTCKOM TEXHOJIOTM4YECKOM MHCTUTyTe. MOHMKA, KOTOpas cei-
yac npenojaeT Ha Kadepe HelfpoHayk yHUBepcuTeTa bpayHa, Takxke cienana
MHOXECTBO IPE/JIOKEHUI 10 YJIydIIeHUIO YeTBEPTOrO U3JaHUsA KHUTH, 32 UTO
MBI €if O4eHb 6JIaroJJapHbI.

Mb! Takxe O4eHb BHICOKO LIEHMM HCCJEJOBATENbCKYIO NMOAXEPKKY, KOTO-
PYIO Ha IPOTSXXEHUH BCEX 3TUX JIET HAM OKa3blBaju HannoHanbHbI MHCTUTYT
3nopoBbs, ¢poua besnoro ngoma, ¢ponxa Anpdpena I1. Ciroana, pona Knunren-
wteitHa, pona Yapabza A. [lana, HannonanbHblit Hayunblit ponj, pona Keka,
Hay4Has nporpamma “Py6exu yeoBeka”, ynpaBJi€eHME BOEHHO-MOPCKUX HCCJIE-
nosanuii, DARPA, ¢pona Cumonca, ¢poua JPB, MHCTUTYT 06yyeHHs 1 NaMATH
uMm. [Tukosepa, bpayHOBCKUIT MHCTUTYT HayK O MO3re U MeAMIMHCKHIT HHCTH-
TyT IoBapaa Xbio3a.

Mbl 6aarogapHbl HallMM KoJjuleraM ¢ KadeApbl HEMpOHAayK YHHUBepcHTe-
Ta BpayHa u ¢ xageapbl MO3ra ¥ KOTHUTHBHBIX HayK MaccauyceTckoro Tex-
HOJIOTUYECKOTO MHCTUTYTa 3a NOCTOSHHYIO MOJIEPKKY U IOJE3HbIE COBETBI.
Ms! npusHaTeabHBI G€3bIMSHHBIM, HO OY€Hb IIOJIE3HBIM, KOJUIEraM M3 JAPYyrux
MHCTUTYTOB, KOTOPbI€ KOMMEHTHPOBAJIM MpEAbIAYIINE U3JNAHUS KHUTU. MbI
HCKpEeHHe 6J1aroflapHbl YY€HbIM, KOTOPbI€ MPEAOCTABUIM HaM PUCYHKH C U30-
GpaXkeHNeM pe3yJIbTaTOB CBOMX UCCJIEe0BAHMIA, B yacTHOCTH CaTpamxkuTy Tomry
(Satrajit Ghosh) u JI>xony [a6puenu (John Gabrieli) 3a norpscaromee uso6pa-
XeHUe, yKpallaolee 06JI0XKy JaHHOro usfanus. Kpome Toro, yayqmmTs yeT-
BEPTOE U3JaHUE€ HaM MOMOIJIU CTYAEHThI U KOJUIETH, NPeA0oCcTaBisAs UHGpOpMa-
I[UIO O MOCJEeAHUX OTKPbITUAX, YKa3blBasl Ha OIIMGKU B NPEAbIAYIIMX U3JaHUAX
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U npejiaras 6ojee yJaauHble COCOGbI ONMMCAHUA U M306PAXKEHUs KITIOUEBbIX
npuHiunoB. Oco6as 61arogapHocts [Iutepy Kunpay (Peter Kind) us 9aun6ypr-
ckoro yHuBepcuTeTa u Baitdan Croit (Weifeng Xu) uz MaccauyceTckoro TexHo-
JIOTMY€CKOr0o UHCTUTYTA.

Mb! npusHaTeIbHbI MHOTUM HALIUM KOJUIEraM, KOTOPbIE MPeIJIOXKUIN CBOU
uctopun A “Jloporu oTkpeITHii”. Bbl Hac BJOXHOBsAETE!

Mb1 6y1arojapumM HalMX JIOOGUMbIX — HE TOJILKO 32 TO, YTO OHM NOJAAEPKU-
BIM Hac 6eCCYeTHOE KOJMYECTBO BEYEPOB M BBIXOJHBIX, IOKA Mbl TOTOBHIIM
3Ty KHUTY, HO U 32 UX BOOJYLIEBJEHHUE U 32 I0JIE3HbIE COBETHI I10 €€ yCOBEPIIEH-
CTBOBAHMIO.

Hakonen, Mbl XOTUM OTJATb JHOJXHOE ThICAYAM CTYAE€HTOB, KOTOPBIM MbI
UMeEJIU YECTb NPENojaBaTh HEMPOHAYKU Ha MPOTSXXEHUU NocaeAHuX 35 nerT.






Mapuo Kanekku, 1okTop Hayk
Yuusepcuret IOThI

MeauuuHckuit MHCTUTYT JoBapaa Xbiorca
Tapeemuposarue 2en08 y mbLuielt

Kpuc Musrep, 10KTOp MeAMIMHDI
Yuusepcutet bpanpaiica

MepunuHckuit ”HCTUTYT JoBapaa Xbiorca

Boarxem, Maccauycerc
B uonnom xanane — Haouyns

Teopr Harens, 1okTOp Hayk
YuausepcureT Bropubypra
Bropu6ypr, Iepmanus

Omxprimue KaHarsHbLx podoncuros

Kpucren M. Xappuc, 1oKTOp Hayk
Yuusepcuret Texaca

OctuH, Texac

Hs 10661 K 0end pummsim wunam

CebacTpsan CeyHr, JOKTOP HayK
IIpuHCTOHCKMIT yHUBEPCUTET
IIpuncron, Helo-Jlxepcu

Cea3b ¢ KOHHEKMOMOM

Cosnomon I. CHaiifgep, ZOKTOP MeIMIMHbI
MeaunuHckas mkoJa yauBepcurera J>xoHa XonkuHca

bantumop, Mapunena
Omxprimue onuammsix peyenmopos
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HVIA

OG6oxKa: M306pakeHHe XHBOTO de-
JIOBE€YECKOr0 MO3ra, NOJydeHHOe C IIo-
MOIIbI0O MarHMTHO-PE30HAHCHOH TOMO-
rpacgun, AeMoHcTpHUpYyomee auddysuro
Moutekya BoAbl. Juddysus Boasl B Mo3re
IOPOUCXOAUT  TNPEUMYLIECTBEHHO  BIOJb
IyYKOB aKCOHOB. AKCOHBI ABJIAIOTCA “NpO-
BOJAKONH” HEpPBHOH CHCTEMbl U IPOBOJAAT
3JIEKTPUYECKUE MMITYJbChl, TE€HepHpye-
Mble Ki1eTKkamMu Mo3ara. CiieloBaTeNbHO, 3TO
U300paXK€HUE BBISBJISAET HEKOTOPBIE MyTH
AIbHETO COOGUIEHUS MEX/Y Pa3uYHBIMU
yacTaMu mMosra. MzobpaxeHnue, nojayuyeHHoe B LlenTpe GuOMEIUIIMHCKON BU-
syanusauuu AHTHUHYJIa A. MapTtuHOoca B MaccauyceTCKOM TE€XHOJIOTMYECKOM
UMHCTUTYTE, GbLIO NOJABEPXKEHO KOMIIBIOTEPHOH 06paboTkKe TaKUM 06pa3oM,
4TOGBI OTOGPA3UTD MYYKU aKCOHOB, CJIEAYIONMX BMECTE, B BUJE IICEBJOOKpPa-
IEeHHbIX HuTeil. llBeTa pa3nyaloTcs B 3aBUCMMOCTH OT HanpasjeHus auddy-
3un Bobl. (Hemounux: n3o6paxkeHue Mo6e3Ho npeaocTaBuiIn Satrajit Ghosh u
John Gabrieli, McGovern Institute for Brain Research and Department of Brain
and Cognitive Sciences, Massachusetts Institute of Technology.)

PucyHok mepej mraBoii 1: HelipoHBI M
MX OTPocTKH. C NOMOIIBIO 3/1E€KTPOHHOTO
MMKPOCKOIA GblIa MPOBE/IEHA CEPUS CHUM-
KOB HeGOJIbIIOrO ()parMeHTa CETYATKH IO
Mepe BBINOJHEHUS TOHKUX CPE30B. 3aTeM
KOMIIbIOTEPHBII1 JITOPUTM C Y4aCTHUEM Thbl-
CSY N0JIb30BaTe/IeH, UTPAIOIUX B OHIAIH-
urpy EyeWire, cosnan peKOHCTPYKLIMIO KaX-
J0T0 HEMIPOHA U €ro CHHANITUYECKUX COeU-
HEHMIT — KOHHEKTOM JaHHOro (parmMeHTa
TkaHu. Ha 1annom nso6paxeHuu HeHpOHbI
GbUIM TICEBAOOKpAIeHbl KOMIBIOTEPOM, a
UX HEHPUTDI, AKCOHBI U JEHJPUTBI KaXJI0H
KJIETKU [TOKA3aHbl Ha BCEM X ITPOTIKEHUM.
(Hcmounux: nsobpaxenue mo6e3Ho npepocrasuau Sebastian Seung, Princeton
University, u Kris Krug, Pop Tech.)
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OT U3SOATEJIbCTBA

Bp1, unTaTenp 3TOM KHUTH, — €e MIaBHbI KPUTHUK U KOMMEHTaTop. MhI 11e-
HUM Ballle MHEHUE U XOTHUM 3HaTb, YTO Mbl CA€JIIN NPaBUIbHO, YTO MOXXHO
ObLIO CAENaTh JIydllie U YTO ellle Bbl XOTeaU Obl yBUAETh U3JaHHBIM HaMu. Ham
MHTEPECHO yCbIIIATh U JII0ObIE Jpyrye Ballld 3aMeYaHHUs B Halll afpec.

MBI )x1eM BalIMX KOMMEHTApHEB U HafeeMcs Ha HUX. Bel MoxxeTe npuciaathb
HaM 3JIEKTPOHHOE ITMCbMO WJIM 3aiiTH Ha Halll Be6-CaiiT M OCTaBUTb CBOU 3aMeyva-
Hus TaM. OTHUM CJIOBOM, JIIOObIM YIOOHBIM JJIS BAC CIOCOGOM JaiiTe HaM 3HATb,
HPaBUTCS WM HET BaM 3Ta KHUTa, a TAK)Ke BbICKAXUTE CBOE€ MHEHHE O TOM, KaK
CAeJaTh HAllM KHUTH 60Jiee HHTEPECHBIMU IS BAC.

OTnpasiss NUCbMO WIM OCTaBJsAs cooblieHre, He 3aby/bTe yKa3aTh Ha3Ba-
HU€ KHUTH U €€ aBTOPOB, a TAKXKE Balll 3JIEKTPOHHbIN azipec. Mbl BHUMATENbHO
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TOTOBKE K U3JaHUIO CJIEAYIOIUX KHUT.

Hamwu JJIEKTPOHHDIE a/Ipeca:

E-mail: info.dialektika@gmail.com
WWW: http://www.dialektika.com

o E Bce HJUTIOCTPAalIMM K KHUT'€ B IBETHOM BaAPHUAHTE JOCTYIIHbI ITO aApECY:
ol

http://go.dialektika.com/neuroscience



OCHOBbI

rMMABA 1
Heliponayku: nmpouuioe, HacTosuiee U GyAyliee

rMABA 2

Helipons! u mius

rMABA 3

HelipoHHblii MOTEHIMAT TOKOSA

rMMABA 4

IToTrennuan geficTeusa

MABAS

CuHanTHueckas nepenava

rNMABA 6

HeilipomenuaTopHbIE CUCTEMBI

MABA 7

CTpoeHne HEPBHOM CUCTEMBI

IIpunodicenue: unntocmpupogarnHoe pykosooCmeo no HelipoaHamomuy 4enogexka






HenpoHayku: npownoe,
HacTosiLlee U byayulee

B arovi rnase. ..

BBEJAEHUE
MCTOKU HENPOHAYKU
Barnsagbl Ha Mo3r B [ipesHen [peunn
Barnagbl Ha MO3r BO BpemeHa PUMCKOM nmnepumn
Barnagbl Ha MO3r 0T anoxn BodpoxxaeHuns o XIX seka
Barnagbl Ha Mo3r B XIX Beke
Hepsebi B kKa4ecTse nposogos
JTokanuzaums onpeneneHHbIX yHKUNE B KOHKPETHbIX
30Hax Mo3ra
OBonouns HepBHOU CUCTEMBbI
HevipoH: ocHoBHas yHKUMOHANLHAA eanHLa Mo3ra
COBPEMEHHAS HENPOHAYKA
YpoBH¥ aHannsa
MonexynsipHas HevipoHayka
KnetoyHas HevipoHayka
CucTtemHas HevipoHayka
lNoseneH4veckas HerpoHayka
KornntusHas HevipoHayka
Henpoy4deHble
Hay4HbIn npouecc
Ha6noneHne
Bocnpownssenerne
WHTepnpeTauus
Bepupukayms
1IcnoNb30BaHME XKMBOTHBIX ANA N3YYEHUA HEPOHayK
JKnBOTHbIE
3almta XunBOTHbIX
lNpasa X1BOTHbIX
LleHa HeBexecTBa: 3a60NeBaHNA HEPBHOM CUCTEMBI
PE3IOME




28 Helipoxayku. Viccnegosanue mo3sra
BCTYIMNEHUE

J1o0u 06a3anbL 3HAMD, WMO AUULD U3 MO32A OKU NOAYUAM padocms U
60CMOp2, CMEX U MOPAHCECTIBO, 2PYCMD U NEUANLD, NOOABAEHHOCTVS U CMEHA
Hus. H ¢ e20 sice nomougbio mwL 0cobvim obpasom npuobpemaem myopocms
U SHANUA, BUOUM U CABLULUM, SHAEM, UMO eCMB AOHCH U YMO ECTb Npas-
0a, wmo XopouLo u ¥mo nAoxo, ¥mo Kpacueo u wmo wem... Ho amom sxce
opean evi3vieaem y wac besymue u 6ped, cmpax u yxcac... Bee smo mwe
NOAYUaEM OM M032a, eCAU OH He 300p08... Fmenno nosmomy & cuumaio,
Umo paboma Mo32a AEAREMCA HAUbOALUEL CULOT UeL0BEKA.

Tunnoxkpar “O ceamenHoit 6oae3un” (IV Bex x0 H.3.)

UYesnoBeueckoi NpUpPoOJAE CBOICTBEHHO MPOSABIATD JIOOOMNBITCTBO O TOM, YTO
MbI BUJUM U CJIBIIKM; I0YEMY OJIHU BELIU Jeal0T HaM PUATHO, a Ipyrue 60J1b-
HO; KaKk Mbl II€peJABUraeMcs; Kak JAyMaeM, yUUMCS, 3alIOMUHAeM U 3abblBaem;
KaKOBa NpupoJa raesa u 6e3ymus. Heliponayunsle uccie0BaHus NpOJUBaIOT
CBET Ha 3THU TaifHBI, ¥ KaK pa3 06 3TUX UCCIEAOBAHUAX MOWAET peyb B JaHHOMH
KHHUTeE.

CrnoBo “Heitponayku” cpaBHUTENIbHO MOnoAoe. Heliponayunoe coo6mecTso,
o6befiuHeHHE NMPO(dECCUOHATbHLIX HEHPOy4YeHbIX, GBIIO OCHOBAHO OTHOCH-
TeJIbHO HeflaBHO, B 1970 r. Msyyenne mMo3ra, oJiHaKo, Tak e CTapo, KaK U co0-
CTBEHHO Hayka. MlcTopuiecku Tak CJIOXHUJIOCH, UTO ydeHble, IOCBATUBIIMNE ce6s
HCCJIEJOBAHUIO HEPBHOI CUCTEMBI, IPULIUIM K HEM U3 JPYTUX HAyYHbIX AUCIU-
IUIMH: MEIULIMHBI, GHOJIOTMH, ICUXOJIOTUH, (PU3NKHU, XUMUM, MaTeMaTUKU. Pe-
BOJIIOLIMSA B HEHPOHAyKax IPOU3OIILIA, KOT/a yYeHble OCO3HAIM, YTO Hauboee
IOJIHOTO MNOHUMaHUA pabOThI MO3Td MOXHO JOCTHYb JIMLIb IPU MEXANCIUIIN-
HApHOM IOAXOJE, TPU KOMOMHALIMY TPAAULIMOHHbBIX IIOAXOAO0B C LIEJbIO HOBOTO
CUHTE32a, HOBBIX TOUeK 3peHUs. CerofiHs 60JbIMHCTBO JOACH, TIPUHUMAIOUINX
yJacTHe B HayYHbIX UCCJI€0BAHUAX HEPBHOU CUCTEMBI, HA3bIBAIOT C€6A HEHPO-
yaenbiMu. M feficTBUTEIbHO, KaKoM 6bI KypC Bbl C€fiYac HU MMPOXOAUJIN B CBOEM
y4e6GHOM 3aBefieHNH (GyAb TO GHOIMCHXOJOrUs UM HeHpOGUOJIOrus), MpakTu-
YECKU HaBEPHSAKA Balll IPETNOJaBaTe b OKAXETCA HEHPOYYEHBIM.

Heliponayynoe coo6mecTBO ABAAETCA OJHUM M3 CAMBIX KPYNHBIX U Obl-
CTpOpACTyIUX 06beAUHEHUI MpodeccuoHaIbHbIX Heiipoydennix. He crnenu-
QIM3UPYACh HAa YEM-TO OJHOM, HCCJEJOBaTEIbCKOE IMOJI€ 3TOH opraHuU3aluu
OXBaTbIBA€T MPAaKTUYECKU BCE €CTECTBEHHbIE HAYKU, CTaBsl HEPBHYIO CUCTEMY B
KavecTBe obueit Toukn okyca. [lonMMaHue TOro, Kak YCTpOEH MO3T, TpedyeT
GOIBUIMX 3HAHUI — OT CTPOEHU S MOJIEKYJIBI BOJBI IO 3NIEKTPUIECKUX 1 XUMUYe-
CKHUX CBOWCTB MO3ra U TOro, no4emy y co6aku IlapnoBa Bbiaessnach CJII0Ha IpU
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3ByKE KOJIOKOJIbYMKA. MO3T B 3TOI KHUTE OYyJET pacCMaTpPUBATbCs C MMPOKOMH
TOYKU 3pEHUS.

Mb1 HauHEM CBOE NyTeIEeCTBUE C KOPOTKOTO Typa Mo HejipoHaykam. UTo yue-
HbIE [yMaJIX O MO3re B pa3Hble 31oxu? Kem aBis10TCa coBpeMeHHble Helpoyye-
Hble. KakoBbl UX MOAXO/bI K U3YYEHUIO MO3ra?

NCTOKWN HEVMPOHAYK

Bbl HaBepHsKa yxe 3HaeTe, YTO HEpPBHas CUCTE€Ma — TOJIOBHOM MO3T, CIIHMH-
HOI1 MO3T U HEPBBI T€JIa — KPaifHe BaXKHBbI [JIs1 dKU3HHU B 11€JIOM M [TO3BOJISAIOT BaM
4yBCTBOBaTb, IBUTaThCs M MBICUTD. Ho OTKyna e B3s0Ch 3TO 3HaHUE?

CylecTBYIOT JOKa3aTeJbCTBA TOTO, YTO JAXK€ HAIIM JOUCTOPHYECKUE MpeJ-
KH ITOHUMJIM )KM3HEHHO BAaXXHYIO pOJIb MO3ra. B apxeosiornyeckux JOKyMeHTax
€CTbh MHOX€CTBO YIIOMHUHAHHUI1 O Yepernax rOMUHHAOB, KOTOPBIM 6oJjiee MUJLIU-
OHa JIET, Ha KOTOPBIX GbLIM HAMJEHBI CJIEAbl CMEPTEIbHBIX IOBPEXIEHHUI yepe-
Ia, BepPOsITHEE BCErO, HAHECEHHbIE JPYTMMH Y€JIOBEKOOOPA3HBIMU IPUMaTaMHU.
VYike 7000 steT Ha3a JIIOAM MPOCBEPJIMBAJIM OTBEPCTHS B UEpEMNax APYrUX JIoAeiH
(nponenypa, Ha3biBaeMas mpenarayueil), OYEBUAHO, HE C IEJIbIO YOUIICTBA, a
ana nedenus (puc. 1.1). Ha sTux yepenax Gbliu HaiiieHbI CJIeJbl 3AXUBJIEHUS,
YTO CBHJIETEJLCTBYET O TOM, YTO MPOLEAYPA MPOBOAMIACH HA XKUBbIX JIIOAAX, d
He B Ka4eCTBe IoCMepTHOro puryana. HekoTopsle moan, 04€BUIHO, EPEXHIIM
HECKOJIbKO omnepanuil Ha yeperne. leab 3TUX APEBHUX XUPYProB IOKa HE CO-
BCEM fICHA, OJHAKO MPEAINOJIarajJoCh, YTO TaKas IPOLEypa MOrJla IPOBOAUTBCS
C L{€JIBIO JIEYEHHU I TOJIOBHOM GOJIM MJIM ICUXUYECKUX PACCTPOIMCTB, a TAKXKE YTO
OHAa J]aBa/1a My Th BbIXO/A IS 3JIbIX TYXOB.

Puc. 1.1. CBnaeTenscTeo aouctopuye-
CKUX onepauui Ha moa3re. 3TOT yepen
MYX4UHbI, KOTOpoMy 7000 neT, 6bin npu-
XW3HEHHO BCKPbIT XUPYPru4ecknm cnoco-
60om. CTpesku ykasbiBaloT Ha MecTa Tpena-
Hauuin. (Mcroqnmk: Alt et al., 1997, Fig. 1a)

BoccTtanosnennble 3anucu Bpaueii JIpesnero Erunrta, koToppIM nnpakTuye-
cku 5000 seT, yka3bIBalOT HA TO, YTO OHM ObLIM XOPOLIO 3HAKOMBI C MHOTHMU
CUMITOMaMU NOBPEXJeHUI Mo3ra. OJHaKO TaKOKe ICHO, YTO CEPJLIE, a HE MO3T,
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CYUTAIOCh OGUTEJIBIO AYLIM U XpaHWIKIIeM BocmoMuHaHuii. Ha caMoMm fene B
TO BpeMsl KaK OCTaIbHblE€ OPraHbl TUATEJbHO KOHCEPBUPOBAIUCH AJIs 3arpos-
HOI1 )XU3HHU, MO3T IIPOCTO YAQIAJICA YEPE3 HO3JAPHU U BbIOpachiBaicsa. MHeHME O
TOM, YTO CepJle ABIAETCA OGUTEIbIO CO3HAHUSA U Pa3yMa, CEPbE3HO HE OCIapu-
BaJIOCh BILJIOTh O BpeMeH [unnoxkpara.

B3rnagbl Ha mo3r B [lpeBHen Mpeyun

IMoaymaiiTe Hag TeM, YTO Pa3JHUYHbIE YACTH BAIIETO TeJa BBIMISAAT MO-pas-
HOMY, IOTOMY YTO CJIyXaT AJIS pa3HbIX 1eseil. Hanpumep, HalmM CTOMbI ¥ KUCTH
CHJIBHO Pa3JIM4aIOTCH: C IOMOIIBIO CTOII MBI IEPEABUTAEMCS, A TPU IOMOIIH KHC-
Teil MaHUNyMpyeM o6bekTaMU. TakMM OOpa3oM, CYIECTBYeT BECbMa Y€TKas
c8A3b MexHcdy cmpyxmypoi u Pynxyued. Paznuuns Bo BHeIIHEM BUAE NOApa3yMe-
BAIOT Pa3IMUMA B PYyHKIUAX.

YTo MBI MOXEM y3HATH O PYHKIIVH I'OJIOBBI U3 €€ CTPYKTYpbI? Bernslit ocMoTp
Y HECKOJIbKO OBbICTPBIX IKCIIEPUMEHTOB (HampuMep, 3aKpblBaHME IVIa3) HAIOT
HaM MOHATb, YTO CTPYKTYPBI F'OJIOBBI CHEIUAIN3UPYIOTCS HA OIIyLIEHUH OKpY-
xalolel cpejpl € TOMOIIBIO IIa3 U ylIei, Hoca U A3bIKa. Jlaxe rpy6oe BCKpbITHE
MOXET POCJIEJUTD IyTH HEPBOB OT 3THX OPraHOB CKBO3b Y€PEI IPSIMO K MO3TY.
Kakoe 3akmoueHre 0 MO3re MOXXHO C/ieJIaTh Ha OCHOBAaHUH 3TUX HAGTIOAECHUI?

Ecm BBI OTBETHJIM, YUTO MOS3T SIBJISIETCS OPraHOM 4YYBCTB, TO BbI NPUIILINA K
TOMY K€ BBIBOAY, YTO U HECKOJBKO TPEYECKUX YueHbIX B IV Beke 10 H.5. CaMbIM
BJIMSATEIbHBIM U3 HUX ObL1 [Mnmokpat (460-379 rr. 1o H.3.), oTel 3amagHO Me-
JVILIMHBI, KOTOPBIA CYUTAI, YTO MO3T HE TOJIbKO Y4aCTBYET B YYBCTBEHHOM BOC-
HNPHUATHH, HO TaKXKe ABJISETCS BMECTUIMIIEM pa3yMa.

OJaHako Takoe MHEHHE He GbLJIO IIMPOKO pacnpocTpaHeHo. MaBecTHsIit rpe-
yeckuii punocod Apucrorens (384-322 rr. go H.3.) GbLT yBEpEH, UTO CEpALE
SIBJISIETCA LeHTPOM pasyMa. Kakyio ke pyHKIMIO APUCTOTENb IPUCBOMI MO3TY?
OH CcYMTaI €ro paJuaTOpPOM IS OXJIAXKAECHUS KPOBM, NEpPErpeBaeMoii KUNs-
muM cepauem. Cremyss 3TOMy, palHMOHIbHbII Y€JIOBEYECKUIl TeMIepaMeHT
00bACHAICA OOJIbIION OXJIAAUTENbHON EMKOCTBIO HAIIIETO MO3Ta.

B3rnaabl Ha MO3r Bo BpemeHa Pumckon umnepuu

Camoii 3HauMMOI1 purypoit Pumckoit Me IMIIMHDI Gb1J TPEYECKUi Bpayd U M-
catesb lanen (130-200 rr. H.3.), nepeHABmMKA B3raaap! [Mnnokpara Ha pyHKIMM
Mo3ra. Byxyun BpauoMm mraguaTopoB, OH GbUI CBUAETEIEM NEYATbHBIX MOCJIE]-
CTBMIi MOBPEXICHUI TOJIOBHOTO M CIMHHOTO Mo3ra. OJIHaKo, CKOpee BCEro,
mHeHue [anena o Mo3re copMUPOBAIOCH B PE3YJIbTATE MHOTOKPATHBIX U TIIa-
TeJIbHBIX BCKPbITHH xx1BOTHBIX. Ha puc. 1.2 n3o6paxeH MO3r OBLibI, OAHOTO U3
U3M06NIEHHBIX 06BEKTOB uccaeqoBaHuil TaeHa. Xopolmo BUAHBI JBE YaCTH:
Gorvuot Mo3z criepeay M mosxcewok c3axu. (CTPyKTypa Mo3ra onucaHa B IiaBe 7.)
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Bonblwon moar Mo3xeyok

XKenynouku

Bua cboky

P
. S

%,

Bwva ceepxy
Puc. 1.2. Mo3r oBubl. O6paTute BHU- Puc. 1.3. BCKpbITbIi MO3T OBLbl,
MaHue Ha pacriofioXeHWe WU BHELLHW nokKa3saHbl XXenyaoukn

BMA 60NbLIOro MO3ra U Mo3Xeuka

To4HO Tak xe, KaK Mbl MOHSIM (PYHKLUM KUCTE U CTOI, IVIAAA HA UX CTPYKTY-
py, TaneH nbITancs NOHATh PYHKLUMM MO3ra M MO3)KEUKa, U3ydass UX CTPYKTYPY.
Kacasicb BCKpbITOro Mo3ra naiblieM, OH Y3HaJl, YTO MO3XEYOK IO CBOEH CTPYK-
Type JXecTye, a 601b110i1 Mo3r — MaArye. M3 aroro Habmoaenus [anen npuimen k
BBIBOJY, YTO MO3T JOJDKEH MOJy4aTh MHPOPMAIUIO O YYBCTBUTEIbHOCTH, a MO3-
XEeYOK — KOMaHJ0BaTh MbllamMu. OTKyAa Takoe pasrpaHuueHue? OH onpeje-
JIVUJI, YTO JiJIS BOBHUKHOBEHUS BOCIIOMUHAHHUI B MO3re J0J/DKHA 3aMedYaTIeThCs
4yyBCTBEHHast MHPopmanus. EcrecTBeHHO, 3TO TOKHO MPOUCXOJUTD B PIXIOM
0OOJIBIIIOM MO3Te.

KakuMu 6bl HeJlenbIMU He Ka3aIMCh €T0 3aKUII04YeHNs, pa3MblilieHus [areHa
6bLIM He TaK yX JajJeku oT mpaBabl. Ha camoMm fesie 60bIIOi MO3r IIaBHBIM
06pa3oM 3afeiiCTBOBAH B UyBCTBUTEJIbHOCTH U BOCIPHUATHH, B TO BpPEMs Kak
MO3)K€YOK fIBJISETCA IIAaBHbIM O6pa30M IIEHTPOM YINpaBl€HUs JBUXEHUAMM.
Bonee Toro, Mo3r sBgeTcsa XpaHWIMILEM MaMATH. Mbl elte y6equmcs, 4TO 3TO
He €IUHCTBEHHBIH MCTOPUYECKUII NTPUMEpP B HEHPOHAyKax, KOTZa BEPHOE 3a-
KJIIOU€eHHe GbLIO MOJyYEHO NyTEM HEBEPHBIX PacCyXAEHUIL.

Kakxum o6pa3oM MO3r BOCIPMHMMAET YyBCTBEHHBbIE OIIYLIEHUS U JBUTa-
€T KOHeyHoCTAMU? [ajeH BCKpBLI MO3r W y3HAI, YTO OH moJjblii (puc. 1.3).
B sTux nosocTaAx, Ha3bIBaeMbIX Heaydouramu (MOXOOHO KaMepaM cepJla), ObLia
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KUIKOCTD. s [anena 3To OTKpbITHE UAECAIBHO MOATBEPKAAIO €TO TEOPHIO O
TOM, YTO TEJIO yNpaBJSEeTCs B 3aBUCUMOCTHU OT GajlaHCa YEThIPEX XKUAKOCTENH,
WM TyMOPOB. UyBCTBa U ABUXXEHUA BOZHUKAIM BCJIEJICTBUE NT€PEMELIEHU S KU/~
KOCTei1 K )KeJIlyJOuKaM MO3Ta MJIM OT HUX IO HEpBaM, KOTOPbIE, MOAOGHO KpOBe-
HOCHBIM COCYJaM, CYUTATUCH IOJILIMU TPYOKaMU.

B3arnaabl Ha Mo3r oT 3anoxu Bo3poxaeHus ao XIX seka

Barasaap ['anena Ha Mo3r 6blaM Mpeo6IaJaloIMMKE Ha NPOTSHYKEHUU NOYTH
1500 net. Bo Bpemena snoxu Bo3spoxxaenus Beaukuit anaTom Anapeac Besa-
auit (1514-1564) eme Goablle KeTAIM3UPOBAd CTpoeHHe Mo3sra (puc. 1.4).
OJaHaKo XeJyIOoYKoBas Teopus pabGoTbl MO3ra B L[€JIOM He CTaBUJIACh O] CO-
MHeHHe. JTa KOHLIENIUA faXKe yKkpenuiach B Hauase X VII Beka, koraa ¢ppaniys-
CKH€ 3KCIEPUMEHTATOPbI CO3/[ajIi TMIPABINYECKH YIIpaBisieMble YCTPOiicTBa.
ITHU yCTPOHCTBA NOAKPEIIIAIM MHEHUE O TOM, YTO (PYHKIIMA MO3ra MOTJ1a GbITh
MEXaHH4eCKOi1: )MIKOCTb, U3TOHsAEMAas U3 JXEeJYLOYKOB IO HEpBaM, Morvia Gyk-
BIbHO MOJHATD BaC, BbI3BAB JABMXKEHUS KOHEYHOCTEI1. B KOHIIe KOHII0B, pa3se
MBILILBI HE HAAyBaIOTCS NP COKPAIEHUHU?

Puc. 1.4. U3o6paxeHne Xenyaouvkos
4yenoBe4YeCcKoOro Mo3ra BO BpemeHa
anoxu Bo3poxpaenus. 3To pucyHok 13
pa6oTbl Besanusa (1543) “O cTpoeHun ye-
noseyeckoro Tena”. BeposiTHO, 06bEKTOM
uccnegosaHus 6bin 06e3rnaBneHHbIN Npe-
CTYNHUK. [py1 1M306paxeHnn xenyao4xkos
6onblioe BHUMaHWE yOensnocb aHarto-
MUYecKon TouHOCTW. (Mctounmk: Finger,
1994, Fig. 2.8)

[J1aBHBIM CTOPOHHHKOM >XKHUAKOCTHO-MEXaHHYECKOH TEOPUH paGoThl MO3ra
6611 (ppaHIy3ckuit MaTeMaTuk U punocod Pene Jekapt (1596-1650). XoTs oH
¥ CYUTA, YTO €TO TEOPUA HJeaJbHO OObACHAET MO3T U IIOBEJEHHUE JPYTUX XKH-
BOTHBIX, JlekapT moJara, 4To OHAa HE COBCEM IOAXOIUT I OG'BACHEHUS BCe-
rO CIIEKTpa weso8eueckozo noBeaeHns. OH moJarai, 4To, B OTINYHE OT MPOYHUX
XXUBOTHBIX, Y€JIOBEK 06/IaaeT MHTEJIEKTOM U JYIIOH, JaHHOI1 eMy GoroM. ITo-
aToMy JlekapT MpeAIIoNOKIII, YTO MEXaHUYECKUIT MO3I KOHTPOJIMPYET TOJIbKO
MOBeJeHHe YeJIOBEKA, IOX0XKee Ha [MOBe/[EHNE APYTUX 3Bepeil. YHUKAIbHBIE JKe
KOTHUTHBHbIE CTIOCOGHOCTH HAXOASTCS Y 4eI0OBEKA He B MO3Te, a B “CO3HaHUM.
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Cepoe BellecTso

Benoe BellecTso

Puc. 1.5. Mo3r B npeacTtaBneHuun
[lekapra. 3TOT pUCYHOK NOSBUNCA B
1662 r. B ny6nukauuu [lekapra, KOTo-
PbIiA cuMTan, YTo Nosnble HepBbl U3 rnas
BragatT B Xenyaoyku mosra. Pasym
BNUAET Ha ABWUraTenbHyl peakuuio,
KOHTpOS/MpYys rvnogus, KOTOpbIn pa-

60TaeT Noao6bHO KnanaHy, perynupys
nepemMelleHne Xn3HeHHbIX AyxXoB no
HepBaM, Haka4dMBawwnMm  MbllUbI.
(Uctounmk: Finger, 1994, Fig. 2.16)

Puc. 1.6. Benoe BewecTso U cepoe
BewecTtso. [1na u3o6paXeHus 3TUX
ABYX TUNOB TKaHEen 4enoBe4eckuin Moar
6bin paspesaH

JlekapT cuMTal, YTO Pa3yM SIBJSETCS HEKOW AYXOBHOM CYIIHOCTBIO, KOTOpas
BOCIIPUHHUMAET OINYIIEHHS U YIIPaBJIsSeT ABUKEHUSAMHU, CBA3bIBASICh C MEXAHU3-
MaMH{ MO3ra I10CpPeCTBOM IIMIIKOBUAHOM XKeJie3sl (runodusa) (puc. 1.5). Jaxe
CErofHsA HEKOTOpbIE JIOAU BEPAT B “NpoGJieMy CO3HAHUA U Mo3ra”, GyATO Ka-
KHM-TO O6pa30M CO3HaHHeE YeJIOBEKa CYIECTBYET OTAEIBHO OT ero Moara. OgHa-
KO B JJaJIbHEHIIEM Mbl yOEAUMCS, YTO COBPEMEHHbIE HEIPOHAyYHbIE HCCIEOBa-
HUSI CBUJETEJIbCTBYIOT B I10JIb3Y MPOTHUBOIOJIOXHOTO MHEHHUS: CO3HAHUE UMeeT
¢pu3nueckoe 0OCHOBaHUE, KOTOPBIM SIBJISAETCS MO3T.

K cuactbio, gpyrue yuennie XVII u XVIII BekOB OTOULIM OT TPaJULMOHHBIX
B3IJIAAOB HA XXEJYIOYKH U CTaIM GoJiee NPUCTAIBHO M3y4aTh BEIIECTBO MO3ra.
HamnpuMep, oHM OTMETIUIN Ba THIA MO3rOBOI1 TKAHU: cepoe seulecmso U beoe 6e-
wecmso (puc. 1.6). Kakyio cBs3b cTpyKTYpBI ¢ (pyHKIMEI OHU npeatoxium? 13-3a
€ro Hepa3pbIBHOCTHU C HEPBAMH TeJIa 6eJIOMy BELIeCTBY CIpaBeIMBO IPUIIHCATN
cojiepKaHue BOJIOKOH, HECYIX HH(OPMALIMIO K CEPOMY BELIIECTBY U OT HETO.
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BonbLon moar

Mo3axe4ok Mogr

eHTpanbHas
CrtBon Moara I

HepBHas
CnvHHOM MO3T cucrema

MNepudepnyeckas
HEPBHas cucTemMa

Puc. 1.7. OCHOBHble aHaTOMU4ecKkue 0TaeNbl HepBHOM cuctemMbl. HepeHan cucTe-
Ma COCTOUT U3 ABYX OTAENO0B, ueHTpansHow (LIHC) 1 nepudepuyeckoit (MHC). LIHC
COCTOMUT M3 FONIOBHOrO U CNUHHOIO Mo3ra. FONoBHOM MO3r AenuTca Ha Tpu 6onbLuve
YacTu: 60sbLION MO3I, MO3XeHoK 1 cTBon Mo3ra. MHC coaepXnT HepBbl U HEPBHbIE
KNeTKK, pacnonoXeHHble 3a Npeaenamy rofioBHOrO ¥ CNMHHOMO Mo3ra
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LleHTpanbHasi TemeHHas
6opo3na aons

3arblNoyHas
. [ONA

JNobHas
nons

CunbBuesa
Hopoana

BucoyHas pons Mo3xeyok

Puc. 1.8. fonu ronosHoro mo3ra. O6paTtuTte BHUMaHWE Ha rnyboKyto cunbeue-
By 60p034y, OTAENAOLWY0 NOGHYO AOMK0 OT BUCOHHOW, U LIEHTpasbHyto 60po3ay,
pa3aensioLLyio No6GHYI0 U TEMEHHYI0 A0NW. 3aTbiNoYHas AONA pacnosioxeHa B
3afHe YacTu Mo3dra. 3TU CTPYKTYPbl MOXHO HAWTU B MO3re Kaxaoro 4enoseka

K xonuy XVIII Beka HepBHas cucTeMa Gblja MOJHOCTBIO U3y4€HA HA BCKPbI-
THSAX, a €6 MAKPOAHATOMUs GbliIa I€TAILHO OMHUCAHA. YYeHble pa3IuyaIy IeHT-
PaTbHbII OTAE]T HEPBHON CUCTEMBI, COCTOSIIMI U3 TOJIOBHOTO U CITUHHOT'O MO3-
ra, ¥ nepudgepHYeCcKUii OTAEI, COCTOAIIMIT U3 CETH HEPBOB, IPOXOJANIMX Yepe3
Bce Teso (puc. 1.7). BakHbIM NpOpBIBOM B HEMPOAaHATOMHUH CTAJIO OTKPbITHE
Toro ¢akTa, 4YTO KapTHHA uU36uUAUK U 60p030 Ha MOBEPXHOCTH TOJIOBHOTO MO3Ta
Y pPa3HbIX Jogeit copmagana (puc. 1.8). 3Ta kapTHHa, NO3BOJIMBILIAS Pa3JeIUTh
60/1b1I0}1 MO3T Ha JoAu, MPUBEJA K MPEANOJOKEHHUIO, YTO Pa3Hble U3BUJIMHBI
MO3ra OTBETCTBEHHBI 3a pa3Hble dynknuu. Ha sToM aTane usyyenne HepBHOIA
CHCTEMBI NEPENLIo K CTaAMU JOKATU3aUH (PyHKIMI MO3ra.

Barnaabl Ha mo3r B XIX Beke

JlaBaiiTe BCIIOMHMM, Kakoil NpEACTABJASACh HEpPBHAsA CHUCTEMa K KOHIY
XVIII Beka.

L4 HOBpe)KZ[CHI/Ie TOJIOBHOT'O MO3ra MOXXET HapPYIIHNTb BOCIIPDUATHE, NBHXKE-
HHE, MbIIIJIEHWE U BbI3BATb CMEPTD.

e Moa3r coeMHEH CO BCEM TEJIOM ITOCPEACTBOM HEPBOB.
e Mo3r uMeeT pa3IUMYHbIE YAaCTH, KOTOpble HABEPHSAKA BBINOJHAIOT pa3-
Hble PYHKLIUH.
® Moar pa6oTaeT nog06HO MEXaHU3MY U CJIefYeT 3aKOHAM MPUPOJBL.
Ha nporsbxenun creayomux 100 et o PyHKIMAX MO3ra CTAHET U3BECTHO
60JbllIE, YEM 32 BCIO UCTOPHIO YeJIoBeuecTBa. Ta paboTa 06eCcreuynT MPOYHbII
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(t)YHL[aMCHT, Ha KOTOpOM CTOAT COBpeMeHHbIe Hei«'xpox-{ayxn. Tenepb L[aBaﬁTe
paCCMOTpI/IM ‘{CTprC KJIIOU€BbI€ THIIOTE3DI, Bpra6OTaHHbIC Ha HpOTH)KCHI/II/I
XIX Beka.

HepBbl B Ka4yecTBe NPOBOA0B

B 1751 roay benmxamna PpaHKIMH OnyGIMKOBAJ CBOIO KHUTY TOJ Ha3Ba-
HueM Onvimsl U HAbA00eHUA 3G dAeKmPpurecmeom, KOTOPass 3HAMEHOBAIA HOBOE
MOHMMaHMeE 3JIeKTpUYecKkuX peHoMeHOB. K KOHIy Beka UTaIbSHCKHIA YIEHBII
Jlynmxu l'anbBanu U HeMeUkuii 6uoysor AMuib Jljo6ya-PeitMon nokasamu, 4To
3JIEKTPUYECKasA CTUMYJIALMSA HEPBOB BbI3bIBAET COKPAIEHHE MbIIIIL U YTO MO3T
caM 1o ce6e crnoco6eH reHepupoBaTh 3J€KTPUYECTBO. ITU OTKPHITUSA OKOHYA-
TEJbHO ONIPOBEPIIM MHEHHUE O TOM, YTO HEPBbI COEUHAIOTCS C MO3IOM JUIA Te-
peMelenus xuakocteit. CorracHO HOBOIT KOHIENIIMY HEPBbI CJIY>KaT MPOBOAA-
MU /Il IPOBEAEHUS 3JIEKTPUYECKUX CUTHAIOB K MO3TY U OT HETO.

HepemeHHbIM OCTaBaJICs BOIPOC: CUTHAJIBI, BBI3BIBAIOIHE JBUXEHUS, M1 CHUT-
HaIbl, IEpealonie MO3Ty CUTHAJIbI OT KOXH, MAYT IO OJHUM U TE€M XK€ “IIpOBO-
AaM”? JIByHanpaBJIEHHYIO CBA3b [TO OJHUM U TEM K€ NPOBOJaM MPEANOIO0XKUIH,
3aMETUB, YTO IIPH MOBPEXAEHUHU HEPBA B TeJIe OOBIYHO TEPSIETCS YYBCTBUTEb-
HOCTb U IBUXKEHUSA B IOPaXK€HHOM yyacTKe. OJJHaKO TakxKe GbLI0 U3BECTHO, UYTO
KaXX/(blif HEPB TeJIa COCTOUT U3 MHOXECTBA TOHYAMIIUX HUTOUEK, HEPEHBIX G0A0-
KOH, KOXJ0€ U3 KOTOPbIX MOIVIO HE3aBUCUMO OT APYTHX IepefaBaTh MHGOpPMa-
IIUIO B TPOTUBOIONIOXHBIX HAaNPaBJIEHUAX.

Ortset 6611 nOAY4YeH B 1810 1. moTnanackum yueHnbsiM Yapazom bestom u dpan-
1y3ckuM pusnosiorom Ppancya Makanau. JII060MbITHBIN aHATOMUYECKUIT PaKT:
HENOCPEJCTBEHHO MePEJ( COEIMHEHUEM CO CIIMHHBIM MO3FOM BOJIOKHA KaXJOTO
HepBa pa3fiesIAIOTCs Ha JBa OTBETBJIEHUS, UM KOPelKa. 3aJHUi1 (ZOpCaIbHbI)
KOPEIIOK IPOHUKAET B CIIMHHOIT MO3T €331, a NEPEAHMIT (BeHTpasbHbIi1) Kope-
mwok — crepeu (puc. 1.9). [lepepesas moouepeaHo nepegHue U 3aHUE KOPEIIKU
1 HaGJmozas 3a MOCJIeACTBUAMH Ha MOJONBITHBIX )KMBOTHbIX, best nposepu Bo3-
MOXXHOCTb TOTO, YTO Pa3Hbleé KOPEIIKU CIIMHHOMO3TOBbIX HEPBOB MOTYT ITPOBO-
JMTb CUTHIBI B Pa3HbIX HanpaBieHUAX. OH yCTaHOBMJI, UTO NEpecedYeHre JUIb
HEePEIHUX KOPEUIKOB BbI3bIBAET MblIEeYHbIi maparuy. [Tosxe Maxanau Hamen
C1oco6 NoKa3aTh, YTO 3aJHHE KOPEIIKH HECYT CEHCOPHYIO HH(OPMAIHIO K CITUH-
HOMY Mo3ry. CoBMecTHO Besun u MaxxaHau NpUILIY K 3aKTI0YEHUIO, YTO KX IbIH
HEpB fABJIsIET CO60I COBOKYITHOCTb MHOXXECTBA “IIPOBOJOB”, U3 KOTOPbIX OJHU He-
CYT CEHCOPHYIO MH(OPMALIUIO K TOJIOBHOMY M CIIMHHOMY MO3TY, a IPYTHUeE nepesa-
IOT MH(OPMALIMIO B MBIIIBI. B KaXXI0OM OTAEIBHO B3STOM 4yBCTBUTEILHOM HIIM
ABUTATEJHHOM HEPBHOM BOJIOKHE IIepeAaya MMITYJIbCa BO3MOXHA CTPOTO B OJHOM
HanpasieHuu. /[Ba BUa BOJIOKOH CIJIETEHbI Ha IIPOTSXEHUU GOJIbIIE ] YaCTH UX
JUIMHBI, HO OHM aHAaTOMUYECKU Pa3JeNAIOTCsA HEMOCPEJCTBEHHO MEPE] BXOJOM
WJIA BBIXOJZIOM U3 CIIMHHOT'O MO3ra.
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CnuHHoMm
MO3r

\ MNepenHue KopeLLKM
§§” | A 3anne
§;{//«\Kopemm

o Heps Mbiwua Koxa

©
&\‘\*‘@\‘*\\ .

S

HepBsHble
BOJIOKHA
AKCOHbI)

Puc. 1.9. CnMHHOMO3roBbie HepBbl M MX KOPeLKW. TpuauaTb 0aHa napa CNHHO-
MO3roBbIX HEPBOB BbIXOAWUT M3 MO3ra U NPOHU3bLIBAET KOXY W MbilwLbl. [epepe3anne
CNHHOMO3rOBOrO HEPBA BEAET K NOTEPE HyBCTBUTENBHOCTU U ABUXEHWIA B NOPaXeH-
HO obnacTu Tena. Bxopsuime vyBcTBUTENBHBIE BONOKHA (KPACHbIE) U BbIXOAALLME
ABUratesibHble BONMOKHA (CMHME) pasgenaioTcs Ha ABa KOpellka HenocpeAcTBEHHO
nepes COEAVHEHWEM CO CMUHHBIM MO3roM. Benn u MaxaHgu onpegenunu, 4To ne-
peaHve KOpeLUKWU COAEepXaT UCKIIOYMTENbHO ABUraTeNbHbIE BONOKHA, @ 3a4H1e KO-
peLLKN COAepXAaT TONMBbKO YYBCTBUTESNbHbIE BONOKHA

Nokanu3zauus onpeaeneHHbiX (PYHKUUA B KOHKPETHbIX 30HaX MO3ra

Ecnu pasnble GyHKIUYN JOKUIM30BAHbI B Pa3HBIX CIIMHHOMO3I'OBBIX KOpell-
KaX, TO HaBEpHAKA U B MO3re pa3Hble (PYHKIIMM JIOKAIU30BaHbl B Pa3HbIX €r0
3oHax. B 1811 r. Besut npeanoioxu, 4To HaYaJIOM JBUraTeNbHBIX BOJIOKOH CJIy-
XUT MO3XEYOK, a BCE UYBCTBUTENbHbIE BOJIOKHA CJEAYIOT K 60JIbIIOMY MO3TY.

Kak 6b1 BbI mpoBepuaM 3T0 npeanojoxenue? C ofHON CTOPOHBI, MOXHO
BOCIIOJIb30BATbCSA MOAXOAOM, KOTOpbIii npumensanan bennr n Maxanau, usy-
4asg (PyHKLMU CIIMHHOMO3rOBBIX KOPEIIKOB: Pa3pyUIUTh YKa3aHHbIE CTPYKTY-
pbl MO3ra ¥ NPOBEPHUTH YYBCTBUTENbHBINA U ABUTaTEIbHBINA AeduuuT. Takoii
NOJXOJ, IPU KOTOPOM ONpPEJEJEHHbIE YaCTU MO3Ta CUCTEMAaTUYECKU Pa3py-
IIKCh C 1EJIbIO ONpPeAeNeHUs UX (PYHKIINI, HA3bIBACTCSH IKCNEPUMEHMANLHBLM
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abasyuonnsim memodom. B 1823 r. ypaxae-
MbIit ppany3ckuit pusnonaor Mapu-Kan-
IIbep ®iypaHC MCHONB30OBAT 3TOT METOX
Ha pa3JUYHBIX XUBOTHBIX (B 4aCTHOCTH,
Ha ITHUIAX), YTOOBI MOKA3aTh, YTO MO3XKe-
YOK Ha CaMOM JieJIe UTPaeT BaXXHYIO POJIb B
KOOpAMHALMM ABMXKeHUit. OH Takxe NpH-
e K 3aKJI0YEeHHIO, YTO OOJIbUION MO3r
NPUHUMAET y4yacTHe B YYBCTBUTEJIbHOCTH
Y BOCIIPUATHUH, KAaK O HEro HpeJAroJara-
yu I'anes n Besut. Ho, B ominumne ot cBoux
IpealleCTBEHHUKOB, PiypaHC MOCTpoOMI
CBOE 3aKJIIOUYEHHNE Ha MPOYHOM 3KCIEepH-
MEHTaIbHOM QYHAAMEHTE.

A 4TO TaM CO BCEMHU 3TUMU U3BUJIMNHA-
MU Ha IOBEPXHOCTH Mo3ra? OHHU Toxe

Puc. 1.10. ®peHonornyeckas Kkapra.
CornacHo [annio u ero nocnenosate-
nAM, pa3nuyHble NoBefieH4eckme Yep-
Thl 4ENOBEKA MOrYT GbiTb CBA3AHbI ¢ BPIIOJHAIOT pasandHble QyHKuuu? Moo-
napameTpamu pasHbiX YacTel ero Ye- AOH aBCTPUHCKMII CTYIEHT-MEJUK 10 UMeE-

pena. (Mcroqnumk: Clarke and O’Malley, uu dpani ﬁoaecb lannp He MOT yCTOATH

1968, Fig. 118) nepen atoil uaeeit. Cuuras, 4To 6Gyropku

Ha MIOBEPXHOCTH Yepemna OTPa)xaloT U3BU-
JIMHBI U GYTOPKM Ha NOBEPXHOCTH M0o3ra, oH B 1809 roxy nmpeamnoysoxui, 4To
CKJIOHHOCTb K HEKOTODBIM OIIpeJ€JIEHHbIM YEPTaM XapaKkTepa, TAKUM KaK IIeJ:
POCTb, CKPBITHOCTb U Pa3pYyLINTEIbHOCTb, MOXET ObITh CB3aHA C IapaMerT-
pamu cTpoenus uepena (puc. 1.10). B nogaepxky coeit Teopuu lanib u ero
NocJIexoBaTe M 06CIe0BAIN YEPENa COTEH JIOAEH, MPeACTaBAABIINX LIKPO-
KMii IMana30H TUIIOB JUYHOCTHU, OT BECbMa OJlaPEHHbIX 10 6€3yMHbIX IPECTYI-
HUKOB. JTa HOBas “Hayka”, CBA3BIBAIOIASA CTPOCHHUE YEPENa C TMYHOCTHBIMU
yepTaMH, OblJIa Ha3BaHa @penorozuei. HecMoTps Ha To 4TO 3asBIeHUS PpeHo-
JIOrOB He BOCIPMHUMAIKMCh BCEPbE3 OCHOBHOM MacCOi HAyYHOTO COOGIIECTBA,
OHM BCE X€ CTaI [ONMYJSAPHbIM MHEHMEM TOTO BpEMEHU. Y4eGHUK IO PppeHo-
Joruu, ony6JIMKoBaHHbIA B 1827 r., 6611 npoaaH B koanuectse Gosee 100 000
3K3EMILISAPOB.

OZxHMM U3 CaMbIX TPOMKHUX KPUTHUKOB (peHOIOruH 6611 PirypaHc, TOT CaMblit
y4€HBIi, KOTOPBIi1 9KCIIEPUMEHTAIBHBIM ITyTEM MTOKA3aJl, YTO MO3T M MO3)KEYOK
BBINOJHAIOT pa3Hble ¢yHkuuu. K y Hero 6111 OCHOBaHUSA JJISl 3TOM KPUTHKH.
Bo-nepsrix, popma yepena He noBTopseT popmy Mo3ra. Kpome toro, aypanc
HPOU3BEJ SKCIIEPUMEHTAIbHYIO aGJIAIUIO U TOKA3aI, YTO ONPEACICHHbIE YEPThI
XapaKTepa He UMEIOT B MO3re M30JMPOBAHHOI JIOKAIU3AIUH, KaK yTBEPXK JaIH
¢penonoru. Ognako PypaHc Takxe NPUAEPKUBAICS MHEHHUS, UTO BCE 30HBI
MO3ra B OJJMHAKOBOI1 Meépe NPUHUMAIOT y4aCTHE BO BCEX MO3TOBbIX (PYHKIHUSAX,



Fnaea 1. HelipoHayku: npolunoe, HacTosiiee v byayuiee

HO 3TO YTBEpPXAEHHE B KOHIE€ KOHI[OB OKa-
32J10Ch OIIMGOYHBIM.

YenroBEKOM, KOTOPOMY OOBIYHO IPUIIH-
CBIBAIOT CKJIOHEHUE BECOB HAYYHOI1 MbIC/IN
B CTOPOHY JIOKQIM3ALUU MO3roBbIX (QYH-
KIMii, 6611 dpaHIy3ckuit HeBpoJor Iloab
bpoka (puc. 1.11). Bpoka npeacrasun na-
LMEHTa, KOTOPbIil MOHUMal peYb, HO HE
Mor roBopuTb. [Tociie cMepTH 3TOTO Yeo-
Beka B 1861 r. Bpoka TmarenbHO H3yunn
€ro MO3T U HallleJl IIOBpPEXJEHHE B JIEBOM
s06Hoi gone (puc. 1.12). Ha ocHoBanun
3TOTO U HECKOJIbKUX APYTHX MOXOOHBIX CIIy-
yae Bpoka mpumiesn k 3aKIIOYEHUIO, 4YTO
3Ta 06J1aCTh Y€JIOBEYECKOTO MO3ra CIHely-
¢rryecku OTBETCTBEHHA 3a NMPOU3BOACTBO
peun.

Bckope nocJie 3Toro nocjie0Baso 3KcIe-
PUMEHTaJIbHOE 060CHOBaHHOE JJOKa3aTe Ib-
CTBO JIOKAIM3ALUN MO3TOBBIX (PYHKLHMI Y
xuBoTHBIX. HeMenikue cdusnosnoru I[ycras
®puy u ayapa Turour B 1870 r. mokasanuy,
YTO BO3/€HCTBHE CJAGOTO 3IEKTPUYECKOTO
TOKa Ha OIpe/eJe€HHbIE 30HbI OTOJIEHHOTO
Mo3ra co6aKH CIIOCOGHO BBI3bIBATh OT/E/Ib-
Hble ee aBrkeHus. [loTranackuit dpusno-
Jor IaBuy Pepbe MOBTOPUI 3TH 3KCHEPU-
MeHTbI Ha 06e3banHax. B 1881 r. on nokasaui,
YTO yAaJIEHHE TEX K€ 30H MO3ra BbI3bIBAET
Yy MMOJONBITHBIX JKNBOTHBIX ITdPAJINY MBbIIIII.
ITopo6HbIM 06pPa3oM HeMenkUil GU3NO0JIoT
Iepman MyHk ¢ noMoOIbIO METO/IA DKCTIEPH-
MEHTAJbHON aGJALMM HallleJl JOKa3aTeJb-
CTBa TOrO, YTO 3aTbUIOYHAA JOJIS CHelHa-
JIN3UPYETCs Ha 3pEHUN.

Hawm ceituac nsBecTHO yeTkoe pasjere-
HUe 33aJa4 B TOJIOBHOM MO3re, B KOTOPOM
pa3Hble 4YacTH BBIMOJHSAIOT BECbMa pas-
JINYHbIE q)}’HKLII/II/I. COBpCMeHHbIC KapThl
(pyHKIIMOHANTBLHOTO pa3jieIeHuss MO3ra co-
NEPHUYAIOT JaXe C CAMBbIMU MOAPOGHBIMU
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Puc. 1.11. Nonb Bpoka (1824—-1880).
TwaTtensHo M3y4YMB MO3M  MYXHWHbI
C notepei yHKUMM peyun nocne no-
BpexaeHus moasra (puc. 1.12), Bpo-
Ka ybéeauncs, 4To pasHble yHKUUM
MOryT 6bITb IOKANNM30BaHbl B PasHbixX
30oHax Moasra. (Mcroynuk: Clarke and
O’Malley, 1968, Fig. 121)

LleHTpanbHa 6opo3na

Puc. 1.12. Mos3r, koTopbii y6eaun
Bpoka B nokanusauum yHKUUA
rofIoBHOro Mo3ra. 3TO 3aKoHCepBU-
POBaHHbIA MO3r NauueHTa, KOTOPbIn
noTepsan cnoco6HOCTbL FOBOPUTL Nepeq
cBoeit cmepTbio B 1861 r. Kpyxkom
obBefieHo nospex/eHue, Bbi3BasLuee
Takon Hepyr. (McroqHmk: Corsi, 1991,
Fig. lll, 4)
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U3 KOTAa-1M60 pa3paboTaHHbIX (PEHONOTHYECKUX KapT. [MaBHbIM OTaMYMEM
COBPEMEHHBIX YYEHBIX OT (PPEHOJIOTOB SABJISETCSA TO, UTO JJ15 CBA3BIBAHUSA ONpe-
JleJIEHHOI1 30HbI MO3ra ¢ KOHKPETHOI (yHKIME)l UM TpeGyeTcss HeoCIIopuMoe
3KCIIEPUMEHTAIbHOE JOKA3aTeIbCTBO. TeM HEe MeHee MMOX0XKe Ha TO, YTO obuas
ugesa lamsa okasanachk 4aCTUYHO BEPHOii. BhI3piBaeT yausieHue takoil gakt:
®nypanc, mMoHep JOKUIM3AIMM MO3rOBbIX (PYHKIIMIA, IOJIara, 4To MO3T Jeil-
CTBYET KaK €IUHOE L[€JIOE U HE MOXET GbITh Pa3fieJIeH Ha 30HbL. JTOT OJjapeH-
HbIi KCIIEPUMEHTATOP MOT IIPOMYCTUTD JIOKAINU3ALMIO MO3TOBBIX (PYHKIIMI1 11O
MHOTHMM IPUYUHAM, HO, BEPOATHO, OXHO}1 U3 3TUX NPUUYUH GBLJIO €ro IIyGoKoe
npespenue k [anmo u ppenosorun. On He MOT NO3BOJIUTH ceGe Jaxe OTYACTH
cornacuThbcs ¢ fareM, KOTOPOro cyuTa! CyMaclleJIIMM. DTO HAIIOMUHAET HaM
0 TOM, YTO, K CYACThIO MJIM K HECYACTHIO, B HAYKE NPOABJISIOTCA U CUJIbI, U CJIa-
60CTH Y€I0BEYECKOI IPUPOIbL.

3B0ONIOLHA HEPBHOW CHCTEMBI

B 1859 r. anmuiickuit 6uonor Yapnas Japsun (puc. 1.13) ony6aukosan
cBoe IIpoucxosxcdenue 6udos. Ita kmodesas pabora (GopMmyaupyeT TeOpHUIO
3BOJIIOLIMHU: Pa3JIMYHbIE BUJbl 3BOJIOIMOHUPOBAIH OT OOLIErO Npe/IeCTBEH-
HuKka. ComacHo 3TOMH TeOpUHU pa3INyus MeXAy BUJAMU BO3ZHUKAIOT 6aroja-
ps mpoieccy, koTopblit JlapBUH Ha3Basl ecmecmeernsim ombopom. Beaencreue
3TOrO pENpOAYKTHUBHbIE MEXaHU3Mbl U (U3UYECKHE XapaKTE€PUCTHUKHU MO-
TOMCTBa UHOT/Aa OTJIMYAIOTCSA OT TAKOBBIX y UX poauTeneit. Ecau kakaa-mu6o
yepTa HECeT NPEUMYIECTBO JJI BbKMBAHHUA, TO 3TU NOTOMKHU C GosbuIeit
BEPOSATHOCTBIO BIXKUBYT U Pa3MHOXATCH, TEM CAMbIM YBEJIMYUB MIAHChl HA
TO, UTO NOJIE3HbIE YEPTHI NEpeAafyTcs caeAyomum nokojaenuam. Ha npo-
TAXEHUU MHOTUX NOKOJIEHUH 3TOT NPOLLECC TPUBOJUI K PAa3BUTHUIO OTIMYM-
TEJIbHBIX YEPT COBPEMEHHBIX BUJIOB: IIJITABHUKOB TIOJIEHEH, 1Al cO6aK, OKpa-
Ca €EHOTOB U Tak Aajee. Ta ujes BbI3Baaa peBoonuio B 6uonoruu. Cerogusa
Hay4yHbI€ JJOKa3aTeJIbCTBA BO MHOTUX O0JIACTAX, OT aHTPONOJIOTUU JO MOJ€-
KyJIAIDHOI F€HETUKH, BCELIEJIO CBUAETENbCTBYIOT B I10J1b3Y TEOPUM 3BOJIIOLIUU
IIyTEM ECTECTBEHHOT 0 OTHOpA.

JlapBUH OTHEC IIOBEAEHUE K BPOXKEHHBIM CBOHICTBAaM, KOTOPbIE MOTYT 3BO-
JIOIMOHUPOBaTh. Hanpumep, on 3aMmeTnI1, 4TO MHOTHE BUBI MJIEKONUTAIOIUX
NOKa3bIBAIOT OJUHAKOBYIO PEAKLMIO NPU UCIyTe: 3payKu IJIa3 PacIiupsIoTc,
cepJue6ueHe YCKOPAETCS, BOJOCHI HA KOX€ MOJHUMAIOTC . TO CBOMCTBEHHO
KaK 4yeJIOBeKy, Tak U cobake. Jlna JlapBuHa Takoe CXOACTBO B NOBEJEHYECKUX
PeakIuAX yKa3blBaJIO Ha TO, YTO y 3TUX Pa3HbIX BUJOB ObL1T OOLIMIT TPEJOK, BJIa-
JEIOIMI1 TOM e IMOBEJEHUYECKO YEPTOM, KOTOpas GblIa MPEUMYIECTBEHHOM,
BEpOATHEE BCETO, IOTOMY, YTO MO3BOJIsAIA ObICTPEE yOeraTh OT XUIHUKOB. M3
TOTO 4TO MOBEJEHUE OTPAXKAET AKTUBHOCTh HEPBHOM CUCTEMBI, Mbl MOJKEM CJI€-
JIaTh BbIBOJ], YTO MO3TOBbIE MEXAHM3MBI, JIEKAIIHME B OCHOBE TaKOil peaKuuu
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Ha CTpax, MOXOXH, €CJN He UAEHTHUYHBI, y
3THX BHJIOB.

[unore3a o TOM, 4TO HepBHas CHCTe-
Ma pa3HbIX BHAOB NPOM3OLUIA OT OGUIEro
NpPEeAIIECTBEHHUKA U MOXXET MMETb OGIIMe
MEXaHHU3Mbl, CTala OCHOBAHMEM [JIS MpU-
MEHEHHMS K JIOJSAM pe3yJbTAaTOB 3KCIEpH-
MEHTOB HaJ )XUBOTHbIMU. Hanpumep, MHO-
rMe JeTAIM MPOBEJEHUS 3JIEKTPUYECKUX
UMITYJIbCOB [0 HEPBHBIM BOJIOKHAM OBbLIM
BIIEpPBbIE OTKPBITBI Ha KaJIbMapax, a ceifyac
PaBHOLIEHHO IPUMEHHUMBI U K JIOAAM. BoJib-
IIMHCTBO COBPEMEHHBIX HEHPOYYeHBIX HC-
TIOJIb3YIOT HUBOMHbLe MOOeAU (X TAKKe da-
CTO Ha3bIBAIOT MOAEJIbHBIMU OPraHN3MaMH)
JJISl U3Y4EHHUS MPOLECCOB, UHTEPECYIOIMX T
ux B moasx. Hanpumep, y kpsic 6oicTpo PuC. 1.13. Yapns [lapeuH (1809-
Pa3BUBAETCS 3aBUCHMOCTb, €CJM 4aCTO Aa- ::gszl-ro ﬂggﬁ;’tm:,pi‘g:g;:: ogi::g
BATh MM BO3MOXHOCTb IIPUHMMATb KOKAMH. cor o 080mi0UMOHMPOBAY BAbI
CrnenoBarenbHO, KPbICHI ABJIAIOTCA HEHHOM g npouecce eCTECTBEHHOTO OT6Opa.
XUBOTHOI MOJEJBIO JUIS U3ydeHus BausA- (Mcroynmk: The Bettman Archive)
HMS TICUXOAKTHBHBIX BEIECTB Ha HEPBHYIO
cucTeMmy.

C apyroii CTOPOHBI, MHOTHE [IOBEAEHYECKUE YEPThI BBICOKO CIIELHaIN3UPO-
BaHbI JJI OKPY’X€HUs (WM HULIM), KOTOpOE B HOpMe 3aHMMaeT Buj. Hanpu-
Mep, 06€3bsiHBI, IPbITAIOIUe C BETKU Ha BETKY, UMEIOT OYEHb OCTPOE 3PEHHE,
TOT/a KaK KPBICHI, )KHUBYIIHE B HOPaX U NPOBOASAIINE OCHOBHYIO YaCTh BpEMEHH
oA 3eMJIell, UMeIOT caboe 3peHHe, 3aTO OYEHb PAa3BUTOE YYBCTBO OCSI3AHUSA
6ylarogaps ycukaM Ha Mopje. Ilpucnoco6ienns oTpaxaioT CTPYKTYpY U dyHK-
LUK Mo3ra Kaxaoro suga. CpaBHMBas CHELMAIN3ALMIO MO3Ta Pa3HbIX BHUJOB,
Hellpoy4YeHble CIOCOGHBI ONPEAETUTD, KAKME YaCTH MO3Ta CIEeLHaTN3UPYIOTCS
Ha onpejeJIeHHbIX MOoBeAeHYeCKUX PpyHkuusax. [Ipumep c o6e3bssHaMU U KpbIca-
MU [TOKa3aH Ha puc. 1.14.

N

HeiipoH: ocHoBHaA (hyHKLMOHANbHAA EANHNLA MO3ra

Texnuueckue npeumymecTsa Mukpockonuu B Havate 1800-x rr. ganu yuve-
HBIM BO3MOXHOCTb BIEPBbI€ MOCMOTPETh HAa TKAHU JXUBOTHBIX NPH GOJIbLIIOM
yBesmuyeHud. B 1839 r. nemenkumii 3oosor Teogop IIBaHH npeajioxua To, 4To
CEroJHsA HA3bIBAIOT KAEMOUHOU Meopueti: BCE TKAHU TeJla COCTOAT U3 MUKPOCKO-
MUYECKUX €JUHUL], HA3bIBAEMBIX KACMKAMU.
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Moar 06e3bsHbI

3cm

(6) Moar kpbicbl

Puc. 1.14. Pa3nuyHas cneymanu3auma Mo3ra 06e3bsiH U KpbIC. (@) Mo3r Makakv umeeT
BbICOKOPa3BUTOE HyBCTBO 3peHus. O6nacTb B pamMke nonyyaet uHdopmaumio ot rnas. Mpu
paspese ¥ okpacke 3Tol 06nacT ANA onpeaeneHns MeTabonn4eckn akTUBHbIX TKaHen
CTaHOBATCA BUAHLI Mo3anyeckue “nATHa”. HeipoHbl BHYTPU NATEH CNeuMannavpytoTcea Ha
aHanv3e UBETOB BM3yasibHOro Mupa. (6) Y Mo3ra KpbiCbl BbICOKO pa3BuTbl OpraHbl 0CA3a-
HWA Ha mopAe. O6nacTb B pamke nonyyaeT MHopMaLmio OT HyBCTBUTENbHBIX YCUKOB. [Mpy
paspese 1 okpacke 3Tov 0611acTy € Lenbio onpeaeneHns pacrnonoXeHWs HeMPOHOB BUAHLI
Mo3aundeckue “cTonkun”. Kaxaan ctonka cneuvannavpyeTca Ha nosy4YeHnn BXoAALWen UH-
dopMauum oT ogHOro ycuka Ha mopgae kpbickl. (MukpodoTorpacdum nio6esHo npepocTas-
nenbl Dr. S.H.C. Hendry)

HecmoTps Ha TO 4TO KIETKM MO3ra yxe ObLIM HaiifleHbl U ONMUCAaHBI, BCE
ele CyIeCTBOBAUIM Pa3HOIIACUS OTHOCHTEJIBHO TOTO, JAEHCTBUTENBHO JH OT-
AeJbHasi “HEpBHAs KIETKa’ SABJIAETCA OCHOBHOI eAMHHIEN (PYHKIHUU MO3ra.
HepBHble K1e€TKH OGBIYHO MMEIOT MHOXECTBO TOHKMX OTPOCTKOB, OTXOAAIIMX
OT LIEHTPAJbHOTO Teja K1eTku (puc. 1.15). ManauanibHO yyeHble He MOIIU pe-
IIUTb, CIMBAIOTCS JIM OTPOCTKY PA3IMUHBIX HEPBHBIX KJIETOK BOEAMHO, KaK 3TO
JIeIal0T COCYAbl KPOBEHOCHOM cucTeMbl. Ecn Tak, To OcHOBHasi QYHKIIMOHAIb-
Hasl €IMHUIAa HEPBHON CHUCTEMBI SBJISET CO60I1 “HEPBHYIO CETh” COEAMHEHHBIX
HEPBHbIX KJIETOK.

B rnaBe 2 6yaeT npuBeseHa KOPOTKas HCTOPUSA O TOM, KaK pelllalach 3Ta Ipo-
6aema. JloctaToyHO cka3aTh, 4To K 1900 r. oTae/bHAA HEpBHAsA KIEHKA, HbIHE
Ha3pIBaeMasi HepOHOM, CTaJla CYUTATbCS OCHOBHON (PYHKIIMOHAIBbHOI €AUHU-
el HepBHOII CUCTEMBI.
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Puc. 1.15. PaHHee u3o6paxeHne HepBHOW
KneTku. Ha 3Tom pucyHke, ony6nnkoBaHHOM
B 1865 r. Hemeukum aHatomom OTTO [eit-
TepcoMm, u3obpaxeHa HEpBHAA KNeTka, unm
HEeVpOH, U €ee MHOXECTBEHHble OTPOCTKW,
UM HeWpUTLI. Ha NpoTSXEHUN ANUTENLHOMO
BPEMEHU CYMTanNOCb, YTO OTPOCTKW pasnuy-
HbIX HEAPOHOB AOMKHBI CNNBATLCA BOEAVHO,
nofo6HO cocyaAaMm B KPOBEHOCHOW cucTeMme.
CerogHa Ham U3BECTHO, 4YTO HEWPOHbI ABNSA-
I0TCA OTAENbHbIMU CTPYKTYpamu, KOTOpble
coobLaTcs NOCPEeACTBOM 3MEeKTPUHECKUX
N xumudeckmx curHanoB. (Mcroynmk: Clarke
and O'Malley, 1968, Fig. 16)

COBPEMEHHAS HEMPOHAYKA

Hcropus coBpeMeHHOI1 HEMPOHAYKHU BCE €Il€ NHUIIETCA, a €€ TEKYIUE YCIe-
XU ABJIAIOTCA OCHOBOW JIAaHHOM KHUTU. B crenyiommx masax Mbl pacCMOTPUM
caMble NOCJEHUE HayuyHble OTKPbITUA. Ho mepex aTum maBaiite mocMoTpuM,
KaK CETOJHSA U3Y4YaeTCs JEATEIbHOCTb MO3ra U MOYEMY ITO TaK BaXKHO AJIs 06-
IECTBA.

YpoBHU aHanu3a

HcTopus sicHo nokasana, 4TO MOHMMaHHE paGoOThl MO3ra — 3TO Ba)XKHas 3a-
Jada. YToO6bl ynpocTUTh npobGiieMy, HeilpoyyeHble pasfejdId ee Ha MeJIKHUe
YaCTH JJIE CHCTEMAaTHYECKOTO 3KCIIEPUMEHTAIbHOIO aHAIM3a. DTO Ha3bIBAETCS
ynpowerue. Pasmep usyyaemoit eIMHUIIBI ONpEAEAET TO, YTO YACTO HA3bIBAIOT
ypoerem anasusa. B nopsaake noBbILIEHUSA CIOXKHOCTU 3TUMH YPOBHAMH ABJISAIOT-
Csl CJEAyIOLMe: MOJIEKYISPHBIN, KIETOYHbIH, CUCTEMHBIN, NOBEAEHUECKUI U
KOTHUTHUBHBIM.

MonekynspHas HeipoHayka

Moar Ha3bIBaIOT CaMO CJI0XHOU MaTepueil Bo Bcesennoii. BemecTBo Mo3-
ra COCTOUT U3 (paHTACTHYECKOrO Pa3HOOOPA3UsA MOJIEKYJ, MHOTHE U3 KOTOPBIX
YHUKQIbHBI VISl HEPBHOM CHCTEMBI. ITH Pa3IMYHbIE MOJIEKYJIbl UTPAIOT Pa3Hble
POJIH, KU3HEHHO BaX{Hble I/l (PYHKUMII MO3ra: MOCPEAHUKU, MO3BOJAIOIUE
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HeHPOHaM CBA3bIBATbCA APYT C APYTOM; YaCOBbIE, CAENANIME 32 BEUIECTBAMMU, KO-
TOpbI€ MOTYT IPOHUKATh B HEMPOH U BHIXOJAUTDb U3 HETO; JUPHUIKEPBI, KOTOPbIE
KyPHUPYIOT POCT HEHPOHOB; M apXUBapPHyCbl BOCIOMUHAHUI O IIPOLIJIOM OIIBITE.
H3yueHne Mo3ra Ha 3TOM CAMOM 3JIEMEHTAPHOM yPOBHE Ha3bIBAETCS MOACKYALD-
HOU HeUPOHAYKOU.

KneTtoyHas HelpoHayka

CreayiolM ypOBHEM aHAIM3a SABJIAETCH KIETOYHAs HeiipoHayka, KOTopas
3aHMMAETCs U3y4eHHEM TOro, KakuM oO0pa3oM COBMECTHas paboTa BCEX 3THX
MOJIEKYJI JaeT HeilpoHaM MX yHUKalbHble cBOiicTBa. K BOompocam, noxHumae-
MbIM Ha 3TOM YPOBHE, OTHOCATCA ciaexyomue: “CKoJbKO CyIIeCTBYET Pa3HbIX
THIIOB HEIIPOHOB U B ueM pa3nuuus ux pynkumii?”, “Kak HelipoHs! Bo3neicTsy-
IOT Ha Jpyrue HeiipoHbl?”, “Kak HelipoHbl 06bEAMHAIOTCS B IpPOLIeCcCe SMOPUO-
HaJIbHOTO pa3BuTHA?”, “Kak HelipOHBI BHINOIHAIOT BEIYUCIECHUS?”

CucteMHas HelpoHayka

Ipynne! HelipoHOB (OPMHUPYIOT CJIOXHBIE CXEMBbI, BBINOJHSAIOUINE OOIIHe
¢yHKIMY, TaKHe KaK 3pEHHE WM IPOU3BOJIbHBIE ABMXEHUS. TakuM o6pa3oM,
MBI MOXXE€M TOBOPUTb O “3pUTEJbHOI CHUCTeMe” U “ABUraTeJbHOIl cucteme”,
KaxKJas U3 KOTOPBIX UMEET CBOM OTJEJbHBIN KaHa1 CBA3M ¢ Mo3roM. Ha aTom
YPOBHE aHaIN3a, HA3bIBAEMOM CUCTEMHOU HEUPOHAYKOU, NN HelpPpoHayKot cucmem,
y4YeHble U3y4yaloT, KAKUM 06pa30M pa3IMuHble HEIIPOHHbIE CXEMBbI aHAJIU3UPY-
IOT YyBCTBUTEJIbHYIO MHPOpManuio, GOpMHUPYIOT BOCIIPUATHE BHELTHETO MUPA,
NPUHUMAIOT PEIIE€HUS U BbINOJHSIOT JBUXEHHUS.

Nosepexyeckas HeiipoHayka

Kaxum o6pa3om HeilipoHHbBIE CHCTEMbI pabOTaIOT BMECTE, CO3/]aBasi UHTEr PU-
POBaHHOE IOBEJICHUE, HAPUMED Pa3IU4Hble (GOPMbI MAMATHU JJI PA3TUYHBIX
cuctem? Ha kxakyio cucTeMy MO3ra BJIMAIOT IICUXOTPOIHbIE BEIECTBA U KaKOBa
HOPMaJIbHAS POJIb 3TUX CUCTEM B PETYIALMU HACTPOEHUA U noseaeHus? Kakue
HelipOHHbBIE CHCTEMbI BIMAIOT Ha FeHAepHO-cnenuduyeckoe nosegenue? Yro
CO3JA€T CHBI M HA YTO OHM YKa3bIBAIOT? DTH BOIPOCHI U3y4AET N060CHUECKAA Hell-
ponayxa.

KoruutuBHasa HerpoHayKa

BeposATHO, caMOil BaXXHOH 3aJayeil B HEMPOHAyKe SABJIAETCA NMOHUMaHUE
HEPBHBIX MEXAHU3MOB, OTBETCTBEHHBIX 32 BBICIIME YPOBHU YMCTBEHHOH JAef-
TEJIbHOCTU 4Y€JIOBEKA, TAKUE KaK CO3HAHME, BOOOpaxxeHue u peyb. Mcciaenosa-
HUA HA 3TOM YPOBHE, Ha3bIBAEMOM KOZHUMUBHOU Hell pOHAYKOU, N3YYalOT, KAKUM
06pa3oM eATEIbHOCTh MO3ra 06pa3yeT CO3HaAHME.
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Henpoy4eHble

“Heiipoy4eHblii” 3By4UT BIleYaT/IAIOLIE, IIOUYTH KAaK “HH)XEHEpP-PaKeTOCTPO-
utenn”. Ho Bce Mbl GbLIM KOTAA-TO CTYAEHTaMH, Kak U Bbl cefiyac. ITo pasubim
IPUYMHAM — KOMY-TO XOT€JIOCh IIOHATb IPUYHHBI CBOETO IIJIOXOT0 3pEHHUS, KTO-
TO 3aMHTEPECOBAICS BOIIPOCOM, TOYEMY POACTBEHHUK MIOCJIE MHCYJIbTA YTPATUI
CIIOCOGHOCTh TOBOPUTDb, — MbI 3aXOTEJIM Y3HATh, KaK YCTPOEH MO3I' YeJIOBEKa.
Bo3MoxHO, 1 BbI TOXE XOTUTE.

Pa6oTa HelipoyYeHbIX BO3HArPAXAAETCA, HO 3TA HArpaja JaeTcCs HEJIETKO.
Tpebyerca MHOro ser mpakTUKU. Bl MOXeTe HayaTb IOMOTaTh C HCCJIEAO-
BaHUAMM B JJaGOpaTOPUAX BO BPEMS MM IOCJE yueGbl B KOJUIEMXKE, a 3aTEM
HOCTYNUTb B ACTIMPAHTYPy M NOJYyYUTb CTENEHb AOKTOPA HayK MJIM JOKTOpa
MeJULIMHbI (WIH U TO U Jpyroe). 3aTeM OObIYHO CJIefiyeT HECKOJILKO JIET MOCJIe-
JOKTOPCKOI IPaKTUKH, BO BpEMSI KOTOPOI Bbl 6y/JieTe U3y4aTh HOBbIE TEXHOJIO-
TMH U HayYHBIE MIOAXO/bI IO PYKOBOACTBOM OIIBITHBIX HEMPOyYeHbIX. B utore
MOJIOIOH Helipoy4eHblii FOTOB Ha4aTh paGoOTy B YHUBEPCUTETE, MHCTUTYTE UJIU
6oJbHUILE.

B nenom uccienosanus B HelipoHayke (M, COOTBETCTBEHHO, HEHPOYUYEHbIX)
MOXHO Pa3fieIMTh Ha TPU THUIA: KAUHUUECKUE, IKCNEPUMEHMANLHBLE U Mmeo pemue-
cxue. KotmaMYeckue uccae0BaHus TPOBOAAT B OCHOBHOM Bpauu. OCHOBHBIMU
MeAMLIMHCKYMH CIIeUaIN3alUsIMHU, CBS3aHHBIMU C HEPBHOM CHCTEMOI YeJioBe-
Ka, ABJAIOTCS HEBPOJIOTUS, IICUXUATPUS, HEHPOXUPYPrUus U HEBPONATOJIOTUS
(ra6s. 1.1). MHOrue KIMHMYECKHE HCCJIEAOBATEIN NPOAOJDKAIOT TPaAHULIMIO
Bpoka, meITasck ¢BA3aTh QYHKIMM Pa3IMYHBIX 30H MO3ra C IOBEJACHYECKUMU
addexTamu noBpexAeHUI Mo3ra. Jlpyrue xe npoBOAAT UCCJIeJ0BAHUSA [LJIIOCOB
Y MMHYCOB HOBBIX BU/IOB JIEUEHHU 1.

HecmoTps Ha BCIO IEHHOCTh KIMHMYECKUX UCCJIEJOBAaHUH, OCHOBA BCEX BU-
JI0B MEMIIMHCKOTO JIe4eHH ] HEPBHOM CHCTEMBI BCE ellle 3aKIa/IbIBACTCS YIEHbI-
MU-3KCIIEPUMEHTATOPAMHU, KOTOPbIE€ MOTYT UMETh CTEIEHb JIMGO0 JOKTOPA HaYK,
160 JOKTOPa MEeAULIMHBI. JKCIIEPUMEHTAIbHBIA NOAXOA K U3YYEHUIO MO3ra
CTOJIb IIMPOK, YTO OXBaTbIBaeT NIPAKTHYECKU BCe MbICIMMble MeToAbl. Heiipo-
Hayka B 60JIbIIO CTENEHH ABJIAETCI MEXAUCIMIUIMHAPHOM, OJHAKO KOMIIETEHT-
HOCTb HEMpOy4YeHbIX B pa3HbIX METOAMKAX OTJIUYAET UX APYr oT Apyra. Hanpu-
MeDP, €CTb Helipoanamomsi, KOTOPbIE C MOMOIILIO COBEPUIEHHBIX MUKPOCKOIIOB
OTCJIEKUBAIOT CBA3U MEXIY HEMPOHAMMU; Hell pogusuonozu, TPUMEHSIONINE 3JIEKT-
POABI ISl PETUCTPALIMU 3JEKTPHUUECKON aKTUBHOCTU MO3Ta; Helipogapmarorozu,
UCIIOJIb3YIOIME JIEKaPCTBEHHbIE MPENapaThl A U3yYeHUS XUMHUYECKOH OCHO-
Bbl (DYHKIIUIT MO3ra; MoneKyiaprbie Helipobuosozu, UCCIEAYIOMHE TeHeTHYECKHi
MaTepuaJl HEHPOHOB B ITONBITKAX HANTH ITOACKA3KU OTHOCHUTEJIBHO CTPYKTYPBI
MOJIEKYJl MO3Ta; U TOMY NMOAOGHbIE. B Tab. 1.2 nepeyncieHpl HEKOTOPbIE IIPES-
CTaBUTEJH SKCIIEPUMEHTAIbHONH HelipoHayKH.
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Taénuua 1.1. Bpaun, 4eaTenbHOCTb KOTOPbIX CBA3aHa C HEPBHOM

CUCTEMON
Cneuwnanuct Onucanue
Hesponor OnarHoctupyet n newmT 3abonesaHns HEPBHOM
CUCTEMDI
MNcuxnatp [narHocTupyeT 1 ne4nt paccTponcTBa HACTPOEHUA U
noseneHus
Hempoxmpypr MpoBoAUT onepaLi Ha FONOBHOM U CMIUHHOM MO3re
Hesponaronor Nccnenyet M3MEHEHWS B HEPBHOW TKaHW B pe3ynbtaTe

3abonesaHui

Ta6nuua 1.2. lNMpeacrasutenn aKCnepUMeHTanbHOM HEMPOHAaYKU

Tun

OnucaHue

Herpo6buonor pa3snTus

MonekynspHbI HEMPO-
6uonor

HenpoaHatom
Henpoxnmmk
HenpoaTonor

Henpodapmakonor
Herpodunanonor

DdU3NoNorn4ecKnin Nncu-
xonor (6uonornyecknin
ncmxosnor, Ncnuxobrnonor)

Mcuxodnank

AHanuaunpyeT pa3euTVEe 1 CO3PEBAHME MO3ra

Mcrnonb3yeT reHeTUYecKuin Matepuan HempoHOB ans
NOHUMaHWSA CTPYKTYPbI U OYHKLMIA MONEKYN MO3ra

N3yyaeT CTPyKTYpYy HEPBHOW CUCTEMBI
M3yyaeT XMNIO HEPBHOM CUCTEMI

3y4aeT HepBHbIe OCHOBbLI BUAOCTIELIDUYECKOrO
NOBEAEHNA XXNBOTHBIX B €CTECTBEHHBIX YCOBUAX

NccnepyeT BNvsHWE NekapCTBEHHbLIX CPEACTB Ha
HEPBHYIO CUCTEMY

V13mepseT aneKTPUYECKyo aKTUBHOCTL HEPBHOM
cucTeMbl

I/lsyqaeT 61onornyecKme 0CHOBLI MOBEAEHNS

KonnyecTtBeHHO namepseTt cnocobHoCTH BOCNpPUATUA

TeopeTtuyeckas HellpoHayKa fBJISIETCA OTHOCUTENBHO MOJIOJOMN AUCUIUILIN-
HOH, B KOTOpPOH MCC/IE€N0BAaTENM MCIIOAb3YIOT MaTeMaTUYECKHE W BbIYUCIH-
TeJIbHbIE MHCTPYMEHTBHI JJIS1 TOHUMaHUS AE€ATEIbHOCTH MO3Ta Ha BCEX YPOBHAX
aHaM3a. B 4acTHOCTH, HENPOYYEHbIE-TEOPETUKH TIBITAIOTCA HAWTH CMBICT B
6eCYMCIEHHOM KOJIMYECTBE AaHHbBIX, IOJYYEHHbIX 3KCIIEPUMEHTATOpPaMH, YTO-
Obl COCpPEAOTOYNTDb SKCIIEPUMEHTDI HA CAMbIX BAXKHbIX 3a/la4aX U BHEAPUTDb Ma-

TEMAaTU4Y€CKHE IPUHIMUITbI B IOHMMAaHHE OPraHu3alnn HepBHOI"'I CHUCTEMBI.
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Hay4HbI npouecc

Heiipoydenble Bcex HanmpaBJI€HUII IBITAIOTCA YCTAHOBUTD IIpaBAy O HEPBHOM
cucteme. HezaBucumo oT BbIGpaHHOIO YPOBHS aHIN3a, OHU HUCIIOJIb3YIOT Hayy-
HbII1 Mpolecc, COCTOAIMUM U3 YeThIpeX KIIOYEBbIX 3TAIOB: HaGIIOAEHME, BOC-
Ipou3BeAcHUE, UHTEPIpPETAaLlusa U BepudUKanus.

Ha6bniopenue

Ha6moaeHne 06bI4YHO IPOBOJAT BO BPEMS 9KCIIEPUMEHTOB, pa3paboTaHHbIX
A1 TECTUPOBAHUS OllpefieieHHoi runoTe3nl. Hanpumep, besn npeanonoxu,
9TO NepeJHIE KOPELKH CTMHHOMO3TOBBIX HEPBOB COJIEPXKAT BOJOKHA, KOHTPO-
JUpylouKe MpIILbL. YTOGE! IPOBEPUTD 3TY UAEIO, OH BBINIOJHMII 9KCIIEPUMEHT,
B XOJie KOTOPOTO Nepepe3at 3TH BOJOKHA, a 3aTeM HabJoAal, BOSHUKHET Mbl-
IIE€YHbIN Mapajny Win HeT. J[pyrue BUAbl HAGIOAEHUS BKIIOYAIOT TIATEIbHOE
HCCJIeIOBAaHUE OKPYXKaIOIEro MUPA, CAMOAHAIN3 MM KIMHUYECKHE UCTOPUU
nmanueHtoB. Hanpumep, BHuMartenbHoe HabmoaeHue bpoka mossosnuiao emy
CBS3aTh MOBPEXAECHUE JIEBOM JIOOHOM A0JM C MOTepel peun.

Bocnpou3ssepeHue

JIio60e HaGmoeHHEe, SKCIIEPUMEHTAIbHOE UJIM KJIMHUYECKOE, JOJDKHO GbITh
BOCIIPOM3BOAUMO. JIpyrMMH CJIOBaMH, JIIOGOI 3KCIIEPUMEHT MOXET ObIThb IIO-
BTOPEH Ha JIpyTOM OOBbEKTE MJIM €r0 MOXXHO HaG/IoJaTh Ha APYTHUX NallMeHTaX
CTOJIbKO pa3, CKOJIbKO HEOOXOAMMO, YTOObI HCKJIIOUYHNTh BO3MOXHOCTD CJIydai-
HOTO COBIAJ€HUA.

WuTepnpeTtauus

Koraa yuennlit y6eaucs, 4To HabI0J€HUE BEPHO, OH UHTEPIIPETUPYET €TO.
HHTepnpeTanusa 3aBUCUT OT YPOBHSA 3HAHUA (WIM HE3HAHHUA) yYEHOTO HA MO-
MEHT €€ NPOBEJEHU, a TAKKE OT €ro NPEAB3ATHIX MHEHUI (TIpeny6GexaeHuit).
IToaToMy MHTepnpeTanMs HE BCEr[a BbIAEPKUBAET HCIBITAHHME BPEMEHEM.
Hanpumep, Bo BpeMa cBoux HaGmoaeHU PrypaHc He 3HAI, YTO MO3T MTHUIIbI
CHJIbHO OTJIMYA€eTCA OT MO3ra MjleKonmuTaouX. [IoaToMy, OCHOBbIBAACH Ha IKC-
NEePUMEHTANbHON a6/IALMM Ha ITUI@X, OH OUGOYHO 3aKJII0YMII, YTO B MO3re
MJIEKONUTAIOUIUX HET ONPEeeIeHHbIX JoKatu3anuii dynkuuit. Bosee Toro, xak
yXe rOBOPUJIOCH PaHee, INy6oKoe Npe3peHue K [ajmo Takke IOBIUAIO Ha €T0
uHTepnperanuio. [Ipo6jema B TOM, UTO MPaBU/IbHAs MHTEPIPETALUA 324aCTYIO
HEBO3MOXHa Cpa3y I0cJie NpoBeJeHua Habmoaenuit. HacTosamue npopeiBbl B
HayKe MOPOI BO3HMKAIOT, KOTJIa CTaphle HaGI0IEHUSl UHTEPIIPETUPYIOTCS B HO-
BOM CBETE.
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Beputhukauus

Bepudukanusa sapiaseTcs MocjeAHUM 3TAIOM HAaydHOro Iponecca. JTOT
3Tan OTJIMYAETCH OT BOCIPOU3BEACHHUS, BBHINIOJHEHHOTro HaGmopgaTtesneM. Be-
puduUKanUsa 3HAYUT, YTO HAGIOAEHUS JOCTATOYHO HAJ€XKHBbI, YTOOBI JIOOOMH
KOMIIETEHTHbIN YYEHbIH, CJIefys MPOTOKOJIAaM II€PBOro HaGoAaTe s, MOT BOC-
IPOU3BECTH €ro. YaauHas Bepudukanus o6bIYHO O3HAYAET, UTO HaGIIOJeHHE
npuHuMaeTcs Kak ¢gakT. OJHaKo He Bce HaGMOAeHUs MosyvaeTcs Bepudunu-
posaTb. Hanpumep, u3-3a HeTOYHOCTEMH, AOMyLIEHHbIX B OTYeTaX, MJIM H3-3a
HEJOCTaTOYHOH BOCTIPOU3BOAUMOCTH. OZIHAKO Yallle BCETO HEBO3MOXHOCTD BE-
puduKanuy SBIsSETCA CIeJCTBUEM HEPACIIO3HAHHBIX IIEPEMEHHBIX, TAKMX KaK
TeMIepaTypa UM BpeMs CyTOK, BJIMSIOIMX Ha IOJydeHHbIN pe3yabTaT. Takum
06pa3oM, pe3yabTaT BepUQHUKAIUHU B CJydae IOJOXKUTEIbHOIO OTBETA YCTAHAB-
JIMBAET HOBBIN Hay4uHbIH (akT, a B CJlyyae OTPULATENbHOTO — MpejsiaraeT Ho-
BbIE€ MHTEPIPETAIMH [I€PBOHAYAJIBHOTO HAGOACHHUS.

HHorzaa B nonyispHBIX U3JJaHUAX MONANAIOTCA CTATHH O CJIyYasX HAYYHOTO
MOIIEHHUYECTBa. Mexay 1ccae10BaTeN1AMU IPOUCXOAUT KECTKOE COPEBHOBA-
HU€ 32 OTpaHUYEHHbIE CPEACTBA Ha MCCJIeJOBAHUSA, U TIOPOI OHHU OIIYLIAIOT CY-
IeCTBEHHOE JjaBeHue — “my6aukyiicsa umm ympu’. B untepecax co6cTBeHHOMN
BBIFO/JIbl HEKOTOPBIE U B CAMOM JieJie ITyOJIUKYIOT “HaGJoJeHUs”, KOTOPBIX B
AeHCcTBUTENLHOCTY HUKOTAa He 6bL10. K cyacThio, 6;1arofaps Hay4HOMy Ipo-
11eCCy TaKue CJIydau MOIIEHHUYECTBA ABJIAIOTCA 60/b1oi peakocTbio. Bckope
Apyrue ydyeHble OGHAPYXUBAIOT, YTO HE MOTYT BepU(UIUPOBATL MOIIEHHUYe-
ckue HabGJoJEeHNs, U BO3HUKHET BOINPOC, KaK OHU MOIIM HaGOJaThCS U3HA-
yanbHO. TOT ¢aKT, YTO MBI MOXKE€M HAITOJIHUTD 3Ty KHUTY TAKUM KOJINYECTBOM
3HAHUII O HEPBHOI cucTeMe, ABJIAETCSA CBUAETENbCTBOM IIEHHOCTU Hay4YHOTO
npolecca.

Ncnonb3oBaHue XXUBOTHbIX Q1A UCCNeaoBaHuNs
HeMpoHayK

BoabmMHCTBO HaIMX 3HAHUI O HEPBHOM CUCTeMe IMOJYyYeHO U3 IKCIEpH-
MEHTOB Ha XXHBOTHBIX. B GOJIBIIMHCTBE CJIy4aeB >KMBOTHBIX YOMBAIOT, YTOGBI
M3Y4YUTb UX MO3T HelipoaHaTOMUYeCKH, Helipoduanosorniecky 1,/ wim Heipo-
xumudecky. ToT ¢aKT, 4TO )XMBOTHBIMU )KEPTBYIOT At JOCTHIKEHHUS YeToBeye-
CKMX 3HAHMIA, IOJHUMAET BOTIPOCHI 00 3TUYHOCTH MCCJIEJOBAHUI Ha XKMBOTHBIX.

XXuBOTHbIE

Ha IIPOTSXKEHNHN BCcell HCTOPHH JIIOAN CYHUTAIN JKUBOTHBIX X )JKUBOTHBIE IIPO-
AYKTbI BO300OHOBJIAEMbIM IIPpUPOAHBIM PECYPCOM, KOTOprfI MOXXHO HCIIOJBb30-
BAaTb B Ka4€CTBE €bl, OAEKbI, TPAHCIIOPTA, OTAbIXA, CIIOPTA U L(py)l(6bl. Ku-
BOTHbIE, HMCIIOJIb3yEMbIE A PICCJICAOB&HPIﬁ, o6pa303a1ma U TECTUPOBAaHMI,
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BCeraa GbUIM MaIOM YaCThIO B CPABHEHHMH C XXMBOTHBIMHU, HCIIOJIB3YEMBIMU JUIS
Apyrux neneit. Hanpumep, B CIIIA k0JINY€CTBO KUBOTHBIX, HCIIOJIb3YEMBIX BO
BCEX THUIAX GMOMETUIIMHCKUX MCCIeIOBAaHNH, OY€Hb MO B CPABHEHUH C TEMH,
KOTOPBIX YOUBAIOT paJu eAbl. KosmyecTBO XX MBOTHBIX, UCIIOJIb3YEMbIX KOHKPET-
HO B HEIIpOHAYUYHBIX UCCJIEJOBAHUSX, U TOTO MEHBIIE.

Heiiponay4nsle HccieJOBaHUS ITPOBOJATCS C UCIOJb30BAHNEM pa3HbIX BU-
JIOB — OT MOJUIIOCKOB JI0 06e3bsiH. BpI6Op B2 OGBIYHO AMKTYETCS HCCIeaye-
MBIM BOITIPOCOM, YPOBHEM aHAJIN32 U CTENIEHBIO, B KOTOPO MOJTydeHHbIE 3HAHUS
CMOTYT GbITh NPUMEHHMBI K JoJsaM. Kak npaBujo, 4eMm mpolie 1ccjie yeMblii
npolecc, TeM 6ojiee OTAAIEHHON MOXET GbITh €ro 3BOJIIOLIMOHHAS CBA3b C Ue-
JoBekoM. IT03TOMy 3KCIIEPUMEHTBI, LI€JIbIO KOTOPBIX SBJAETCS MOHMMAaHNE MO-
JIEKYJISPHOI OCHOBBI IPOBEIEHUS HEPBHBIX UMITYJIbCOB, MOTYT IPOBOJAMTBCS Ha
JIbHUX POACTBEHHBIX BUAAX, TAKUX Kak KaibMaphbl. C Apyroii cTopoHsl, IOHU-
MaHHe HEPBHBIX OCHOB HapYIIECHUI1 JBMXEHUN U 4eJI0BEYECKOr0 BOCIIPUATHUS
Tpe6yeT MpoBeJ€HHs IKCIIEPUMEHTOB Ha 60Jiee GJIM3KUX POJCTBEHHBIX BU/AX,
TakuX Kak Makakd. CeroaHst 60Jiblle MOJOBUHBI )KMBOTHBIX, HCIIOJb3YEMBIX B
HeﬁpOHaqube HCCJIeJOBaHUAX, — 3TO prI3YHbI, MbIIIIN U KprCbI, BpraH.leH-
Hbl€ CHELUAIbHO JJIS 3TUX LeJIEe.

3auuTa MuUBOTHBIX

CerozHsi B pa3BUTOM MHMpE CaMble OGPa30BaHHbIE JIIOAN BCTPEBOXEHBI BO-
IIPOCOM 3aIUThI XUBOTHBIX. HelipoyueHble pa3fensioT 3To 6€COKONCTBO U
paboTaloT, obecrneurBas MOJONbITHLIM XUBOTHBIM Xopolue ycaosusa. OaHa-
KO, KaK BUJHO U3 HEKOTOPBIX Hay4YHBIX paGoOT MPOILIOro, OGIIECTBO HE BCET-
Ja YAEJSAIO0 CTOJbKO BHUMAHHUS 6JaroCcOCTOSHUIO XUBOTHBIX. Hanpumep, ans
CBOMX 3KcnepuMeHTOB Maxanau B Hadane XIX Beka MCI0/1b30BaI LIEHKOB MO/
aHecTe3Mel (3a YTO No3xe 6bLI PaCKPUTUKOBAH CBOMM HayYHbIM KOHKYPEHTOM
bennom). K cyacThio, noBbilieHHass 06€CIIOKOEHHOCTD 6J1aronojry4ueM XUBOT-
HBbIX NPUBEJIA K CEPbE3HOMY YJIy4LIEHUIO O6paIleHUs C )KMBOTHBIMU BO BpeMs
6HMOMEANIIMHCKUX HCCIeJOBaHUM.

CoBpeMeHHbIe HEHpOYyYeHble ONMUPAIOTCA Ha MOPAIbHbIE IPUHIIMIIbI, KOTJa
HCTIOJIb3YIOT )KMBOTHBIX B CBOMX HCCJIEJOBAHUSAX.

1. Mcnosb30BaTh »XUBOTHBIX JIMIIb B 3KCNEPHUMEHTAX, KOTOpbIE O6CH.IaIOT
JIaTh HAM HOBbIE€ 3HAHHUS O YeJIOBEYECKOM HepBHOI‘;I CHUCTEME.

2. IlpuHuMaTh BCce HEOGXOAMMBIE MEpbI, YTOObI MHHMMHU3UPOBATh 6OJb
U CTpaJaHus NOAONBITHBIX JXUBOTHBIX (MCIOJb30BAHHE AHECTETHUKOB,
AQHIBTeTHUKOB U T.1.).

3. PaCCManI/IBaTb BC€ BO3MOXHbIE€E AIbTEPHATHUBbI HCIIOJIb3OBAHHIO XH-
BOTHBIX.
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3a CcO6GMOAEHNEM ITOrO 3TUYECKOTO KOJEKCa HAGIOAAIOT HECKOJbKUMU
cnnoco6amMu. Bo-nepsbIxX, B COOTBETCTBUM C (peepanbHbIM 3aKOHOAATEIbCTBOM
CIIA npeasoxeHHe UCCIeJOBaHUSA JOKHO MPOiiTH paccMoTpenue Komurera
IO COAEPXKaHUIO U MCNOJb30BaHUIO JTaGOpaTOPHbIX XUBOTHBIX (Institutional
Animal Care and Use Committee (IACUC)). UsieHbI 3TOr0 KOMHUTETA BKJIIOYAIOT
BETEPUMHAPOB, YYEHBIX APYTUX 06GJIacTel U IpeAcTaBUTe el HEHayYHOrO CO06-
mecTBa. ITocne ogo6penus B IACUC npeanoxeHus OLEHUBAIOTCA Ha IPEeAMET
Hay4YHOH 3HAYMMOCTH KOMaHJOH 3KCIepTOB-HEHpPOydYEeHbIX. TOT 3Tal rapaH-
TUPYET NPOBEJAEHHE JIMIIb CAaMbIX II€JECOOOPA3HbIX MCCIENOBAHUM. 3aTeM,
Korja HelpoydeHble JaJyT pa3pellleHHe Ha MyGIMKaLMIO CBOMX HabJIOJCHMI
B IpodeCCHOHANBHBIX M3JaHUAX, APYrue HeHpoydeHble THIATEIbHO H3YYaloT
JOKYMEHTBI Ha IpeIMeT HayYHOH 3HAYMMOCTH U COCTOSHUSA XUBOTHbIX. Kakue-
60 3aMeYaHUs MO OJJHOMY M3 BOIIPOCOB MOTYT MPUBECTU K OTKJIOHEHUIO J10-
KYMEHTOB, UTO, B CBOIO O4epeib, IPUBEJET K NMOTepe GIOXETA, BIOKEHHOTO B
ucciaegobanue. [Jomnmo 3TUX npoueayp HabmoaeHus, peliepalbHOE 3aKOHOa-
TEJIbCTBO YCTAHABJIMBAET CTPOrHe CTAHAAPTHI IO COAEPIKAHUIO U YXOAy 3a J1abo-
PaTOPHBIMH )XUBOTHBIMH.

MpaBa XHWBOTHbIX

BoapmmncTBO M0OAEH NPUHUMAIOT HEOGXOAUMOCTD 3KCIIEPUMEHTOB Ha Jl X U-
BOTHBIMM JJIS TIOJYYEHUs 3HAHUMH, MMOCKOJIbKY OHU BBINOJHSAIOTCA T'YMaHHO U
C co6moileHueM JOXKHOTO YBAXKEHHUS K 6J1arOCOCTOAHMIO XUBOTHBIX. OZHAKO
aKTHBHOE U Bce 60Jiee )XeCTOKOE MEHbIIMHCTBO TPEGYET MOJHOrO 3ampeTa Ha
UCTIOJIb30BAHME XXUBOTHBIX B LI€JIAX, B TOM YHCJI€ 3KCIIEPUMEHTAIbHBIX. DTH
JIIOAM ITPUAEPKUBAIOTCSA prutocodckoii mo3unnu, nopoit HasbIBaeMoi npasamu
sicugommbix. Cnefys UM, XXUBOTHbBIE UMEIOT T€ Xe 3aKOHHbIE U MOPAIbHbIE Ipa-
B4, YTO U JIOJH.

Ecau BbI M06UTE XUBOTHBIX, Bbl MOXETE CTaTh HA 3aIUTY 3TOH IO3ULIMH.
Ho 3aaymaiiTech Haja CIeAyIOMUMU BONPOCAaMU. Bbl 6b1 XOTEM TUMIUTD CE6S U
CBOIO CEMBIO MEJUIMHCKUX NPOLIEAYP, KOTOPbIE ObLIM pa3paboTaHbl C UCTIOJIb-
30BaHMEM XXUBOTHBIX? PaBHOLIEHHBI JI1 CMEPTh MBIIIM U CMEPTH UeJIOBEKa?
SBnsieTca M coaepxaHue MUTOMIA SKBUBAJIEHTOM pabcTBa? SpaseTcs am yno-
Tpe6JieHne MsAca MOPaIbHbIM 3KBUBAIEHTOM y6UCTBa? ByseT 11 He3TUUHbIM
OTHATb XU3Hb CBUHBHU, YTOGBI CIIACTH )XU3Hb pebeHKar fIBseTcs 1u yHHUYTOXe-
HUE TPBI3YHOB B KAHAIM3AIMM MJIM TAPaKaHOB y BaC JOMa MOPAIbHbIM 3KBHBa-
JeHToM XostokocTa? Ecm Bbl oTBeTHIM “HeT” Ha 1060 U3 BhIlleNPUBEACHHbIX
BOIIPOCOB, TO Bbl He MoAAepxuBaeTe GUIOCO(UIO MpaB KUBOTHBIX. [jmarHoe
OMHOULEHUE K HUBOMHBLM, PA3/ETIAEMOE BCEMU OTBETCTBEHHBIMU JIOAbMH, HE
cleayeT nyTaTh ¢ 60pb06Oii 3a NpaBa >KMBOTHbIX.

Bopubl 32 npaBa >xMBOTHBIX BeAlyT aKTUBHYIO IIpOMaraHy NpoTUB MCCJIeA0Ba-
HUI Ha )XMBOTHBIX, IPUYEM HHOT/IA C MYralolUM ycnexoM. OHU MaHUIYIUPYIOT
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MHEHHEM OOGIEeCTBEHHOCTH IMyTeM MOBTOPEHUS YTBEPKAECHUI O KECTOKOCTH
3KCIIEPUMEHTOB Ha JXUBOTHBIX, KOTOpPbIE HAa CAMOM JieJIe IPY60 HCKaXKeHbI U OT-
KPOBEHHO JIOXHBI. OHU IpOMAT JaGOPaTOPHUH, YHUUTOXKAsi HAydHbIE JaHHBIE,
NOJIy4EeHHbIE 32 FOJbI HANPSHXKEHHOTO TPY/Ja, U pa3pymaloT o60pyAoBaHUE (Ky-
IJIEHHOE 33 JAEHbI'YM HAIOTOIUIATENbIIMKOB), IPUHOCA YObITKM Ha COTHU U Thl-
csium posu1apoB. JKecTOKMMHU yrpo3aMH OHM 3aCTaBHJIM COBCEM YHTH U3 HAYKU
HEKOTOPBIX MCCJIEA0BATENEH.

K cuacTblo, cuTyanus usmMeHuIach. biarogaps ycrimsM MHOXeCTBa JIIOJ€i,
B TOM YMCJIE AaJIEKUX OT HaYKH, ObLIM pa306,1aueHbl JIOXHbIE 3asiBJI€HUS dKCTpe-
MUCTOB U JOKa3aHa [10JIb3a 3KCIIE€PUMEHTOB HaJ dKUBOTHBIMHU JIJISI BCETO UeJIOBE-
yecTBa (puc. 1.16). 3Had, kak cTpaAaoT JIOAU C 3a60JEBAHUSAMU HEPBHOU cHU-
CTeMBbl, Helipoy4eHble HaCTauBaIOT Ha TOM, YTO Hallla 3alada COCTOUT B MyAPOM
HCIIOJb30BaHUU PECYPCOB, MPEAOCTABJIEHHBIX HAM IIPUPOJOH, B TOM YMCJE U
XUBOTHBIX, I U3y4€HUs paGOThI MO3Ta B 3/J0POBOM COCTOSIHUM U IIPU pa3jny-
HBIX HapyLICHUSX.

LleHa HeBexecTBa: 3a60neBaHUA HEPBHOW CUCTEMbI

CoBpeMeHHbIe HeHpOHAayYHbIE NCCIEOBAHMUS A0POTH, HO LieHa 32 6e3pa3/u-
Yyue K HallleMy MO3Ty MOXeT ObITb ropa3io Bbiie. B Ta6s. 1.3 nepeunciens! He-
KOTOpbl€e 3a60/IeBaHU, TOPaXalollue HePBHYyIO cucTeMy. CylecTByeT 6oJiblnas
BEPOSITHOCTD, YTO Ballla CEMbS CTAIKMBAIACH C IIOCAEACTBUSAMU OJHOTO WIH He-
CKOJIbKMX M3 HUX. PaccMOTpUM HeCKOJIbKO 3a60JI€BaHUI MO3ra M OLIEHMM X
BJIMSIHUE Ha OOIIECTBO.

Bonesnu Anbireiimepa u ITapkHHCOHA XapaKTepU3yIOTCS IPOrPECCUpYIO-
eif fereHepanueil onpeneseHHbIX HEMPOHOB B roJIOBHOM Mo3re. bosesnnio
IMapxuHCOHa, BbI3bIBalOMIEH MHBAIMAM3UPYIOLIEE HApyIIEHHE NMPOU3BOJIbHBIX
ABMXKEHUH, Ha Tekymuit MomeHT 60steeT 500 000 amepuxannes.' bone3nb Anblr-
refiMepa NpUBOAUT K AEMEHIIUH, COCTOSHUIO CIlyTAHHOCTH CO3HAHM S, XapaKTe-
pHU3yeMoMy OTepeit CIOCOGHOCTHU U3Y4aTh HOBYIO MH(OPMALIMIO ¥ BCIIOMUHATh
paHee noJy4yeHHble 3HaHUA. JleMeH1IMs mopaxaeT B cpefneM 18 % mojeit B BO3-
pacre crapure 85 set.? KosuecTBo aMepHKaHIIEB ¢ AeMEHIIMEH cocTaBseT 60-
Jiee 4eThIpex MuLTMOHOB. Ha camom nene ceituac geMeHIUs BOCTIpUHMMAETCS
He KaK HEMHMHYEMOE CJIE[CTBUE CTAPEHUS, @ KaK CUMITOM 3a60J1€BaHUS MO3ra.
Bonesnb Anburetimepa 6€3>Xa1OCTHO POrPECCUPYET, OTHUMAs Y CBOUX XKEPTB
CHayasa pa3yM, 3aT€M KOHTPOJIb HaJl XXU3HEHHBIMU (PYHKLIUAMU U B KOHEYHOM

! National Institute of Neurological Disorders and Stroke. “Parkinson Disease Background-
er”. October 18, 2004.

2U.S. Department of Health and Human Services, Agency for Healthcare Research and
Quality. “Approximately 5 Percent of Seniors Report One or More Cognitive Disorders”.
March 2011.
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HTOTe XHU3Hb; 3TO 3a6osieBaHUe Bceraa cMepTeabHo. B CIIIA exxeroanas crou-

MOCTb yX0O/a 32 JIOJAbMU C J€MEHLMEN cocTaBasgeT 6o1ee 100 MuIMapaoB 101-
JIApOB ¥ PACTET BOJHYIOIUMU TEMITAMHU.

DTHBIX, KOTOPbIE
OTPABHTLCS

HenaBHo xupypruyeckas TexXHHKa, yCoBepIlIeHCTBOBaHHasA B Xo/e
9KCIIEPHMEHTOB Ha XKUBOTHBIX, OblJIa MCMOJb30BaHA 15l Y/1aJIeHHs
3JI0Ka4eCTBEHHOH OIyX0JIU MO3ra Y MaJIeHbKO# 1eBOYKH.

Mbi OTEPSLJIM HECKOJIBKO 1aG0PATOPHBIX XKUBOTHBIX.

Jaro BOT KOro Mbl cnacJu.

Puc. 1.16. Mbl 0683aHbl NPOAOMKATL UCCNEAOBAHUA HA XXMBOTHbIX.
3TOT NnocTep NPOTUBOAECTBYET 3asBneHUAM 60pLUOB 3a NpaBa XUBOTHbIX
nyTem NOBbILLEHWS OCBEAOMNEHHOCTU O6LLECTBEHHOCTU O NOMb3e ucchne-
[oBaHWIA Ha XMBOTHbIX. (McToqHmk: Foundation for Biomedical Research)
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Ta6nuua 1.3. HekoTopble cepbe3Hble 3a60n1eBaHNs HEpPBHOW CUCTEMbI

3a6oneBaHue

OnucaHue

BonesaHb AnbureiMepa

AyTnam

[etckuii uepebpanbHbii
napanvy

[enpeccus

Anunencus

PaccesHHbIli cknepo3s

BonesHb MNapkMHCOHa

LLinsobpenna

CnuHanbHbIn Nnapanuy

NHeyneT

Mporpeccupytolliee aereHeparneHoe 3abonesaqme
MO3ra, KOTOPOe XxapakTepuayeTcsa AemeHumnen 1 Bceraa
NPUBOAMT K CMEPTU

HapyLueHre, pa3sumBaroLLeecs B paHHEM AETCKOM BO3-
pacTe 1 xapakTepuaytoLLeecs pacCTPOCTBOM 0OLLEHMS
1 counanbHbIX B3aUMOAENCTBUN, a TakXXe OrpaHnyeH-
HbIM 1 NOBTOPAOLLMMCA NOBEAEHMEM

[BuratensHoe HapylleHWe, Bbi3biBaeMoe NoBpexae-
HWEM rONOBHOrO MO3ra 10, BO BPEMs N BCKOpe Nocne
pofoB

CepbesHoe pacCTPONCTBO HACTPOEHWS, KOTOPOE Xa-
pakTepuayeTcs 6eCCOHHULEN, NOTepe anneTuTa u Yys-
CTBOM NOAABNEHHOCTM

CocTosHu1e, xapaKTepuayroLLeecs Nepruoan4eCcKuMm
HAPYLLEHNAMU SNEKTPUYECKON aKTUBHOCTU MO3ra, HTO
MOXET NPUBOAUTL K MpunagkaM, noTepe Co3HaHWs 1
HapyLWeHNaM BOCMpUATHA

MporpeccupytoLliee 3a6onesaHve, nopaxaioLlee
HEPBHYIO MPOBOAVMOCTb, XapakTEPU3YETCA 3NM30aaMu
cnabocTu, NoTEPU KOOPAMHALMM 1 HAPYLLEHUSMU Peynt

Mporpeccupytollee 3abonesaHne ronoBHOr0 Mo3ra,
KOTOPOE NPUBOAUT K HaPYLLEHWIO MPON3BONbHbBIX
OBUKEHUI

Tsxxenoe ncuxmyeckoe 3abonesaHne, KOTOPOe xapaKTe-
puayeTca 6peaoMm, ranntoumMHaUmAMIA U CTPAHHOCTAMM B
noseaeHUn

|_|0Tepﬂ YyBCTBUTENBHOCTU U ABUMXXEHUN, BbI3BaAHHAA
TpaBMaTnyeCKknm NoBpeXXaeHneM CNNHHOro Mo3ra

HapyLueHve dyHKUMA ronoBHOMO MO3ra, Bbi3BaHHOE
npekpaLLieHneM KpoBoCHabXeHNs, 06bIMHO NpuBoAsLLEee
K MOCTOAHHOMY YyBCTBUTENBHOMY, ABUraTENbHOMY Un
KOrHUTUBHOMY AeddnumnTy

Jenpeccus u mu3odpeHns SBISIOTCA pacCTPOMCTBAMU HACTPOEHU S U MbILI-
nenus. Jlenpeccus XapakTepHU3yeTcs HENPEOAOJMMBIM YYBCTBOM IOABJIE€HHO-
cTH, 6€CroJIe3HOCTH U BUHBL bosee 30 MULIMOHOB aMepUKaHIIEB HA [TPOTsIXe-
HMU CBOEH XXM3HM MMeJU IPOJOJDKUTEIbHbIE 3MU30bl Aenpeccun. Jlenpeccus
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ABJIAETCSA BEAyILIel MPpUYNHON caMoyouiicTs, koTopble B CIIIA oTHUMaIOT 60J1€€
30 TbIcaY XKU3HEH exeroaHo.?

HInzodpenus — aTo TA)eN0€ NCUXHATpUUYECcKoe 3aGosieBaHMe, XapaKTe-
pu3yloleecs 6peJoM, FAUTIIOIMHALMSAMI U CTPAHHOCTSMU B OBEAECHHUH. ITO
3a60JIeBaHME YACTO NMPOSBIAETCS B CAMOM paclBETE CHJI — B IOJAPOCTKOBOM
WJIM paHHEM 3PEeJIOM BO3PAaCTe — U COXPAHAETCH Ha NPOTSKEHUHU BCel XU3HMU.
Boiee apyx MIWIIMOHOB aMepUKaHIEB CTPajaloT musodppenueil. Hannonans-
HBI MHCTUTYT ncuxudeckoro 3noposbs (The National Institute of Mental
Health (NIMH)) noacuuras, 4to ncuxudeckue 3aGojeBaHus, TaKUe Kak Je-
npeccus u musoppenus, croat ana CHIA 6onee 150 Mmunamnapaos 1o1apoB
B ro.

HHcyabT cunTaeTcs 4eTBEpPTOI MO YacTOoTe MpUYMHON cMepTHOCTH B CIIIA.
BroxuBinme xxepTBbl MHCYJIbTA, KOTOPBIX 6oJiee MOJYMUIIMOHA B TOM, UMEIOT
60JIbIIYIO BEPOSATHOCTD CTaTh MHBAIM/JAMU Ha BCIO OCTaBUIyIOCsA XU3Hb. CTo-
UMOCTD JI€UEHHS IIOCJIEeCTBUI MHCYJIbLTOB IO BCEl CTpaHe COCTaBisAeT Gosee
54 MunIMAapAOB AO/LIAPOB B roA.*

INpakTuyecku kaxaaa cembs B CIIIA cTankupanack C a1KOroabHOM vin Hap-
KOTHMYECKOH 3aBUCUMOCTBIO. YIIIep6 OT 3TOi Npo61eMbl C yU€TOM JIEUEHU S, TI0-
TEepPSAHHOM 3apIUIaThl U APYTUX NOCIEACTBUI cocTabiaseT 6osee 600 MuIMap-
JOB JI0JLIapOB B roA.’

9TH HECKOJIbKO NPUMEPOB 3aTparuBaloT JMIIb BEPXYLIKY alicbepra. Amepu-
KANYEE € HEBPONOZUMECKUMU U NCUXUMECKUMU 3AO0ALEAHUAMU HCE200HO 20CNUMANUIU-
pyemcs 6oavute, wem ¢ A1006MU OPyeUMU 3A60LEEANUAMU, EKAIUAR CEPOEUHO-COCYOUCTIVLE
U OHKON0ZUMECKUE.

IKOHOMHUYECKUE U3AEPKKU HapymeHUH yHKIUIT MO3ra OrPOMHbI, HO OHU
MEPKHYT B CPABHEHHH C OLIEJOMJISIOIIMMH SMOLMOHUIbHBIMU IO C/IEACTBUSIMU
A XKepTB U ux cemeit. [IpenoTspaienne u jeyeHue HapylmeHUii Mo3ra Tpe-
6yeT MOHMMaHUS HOPMaIbHOM paGoThl MO3Ta, U KakK pa3 3TO 6a30Boe IIOHUMa-
HUe fBJISIETCS IJIaBHOM 1esbio HeiipoHayk. Heliponayunble uccieioBaHus yxe
clieai OUyTUMBIA BKIaa B 3pdexTuBHOE NedeHue 6osesnu IlapkuHcoHa,
Aenpeccuu 1 muszodpennn. Ceifyac TECTUPYIOTCS HOBbIE CTPaTeTUU, KOTOphIE
MOTYT IIOMOYb CIIACTU MOrubalolue HeHpPOHBI y JI0Ael ¢ 60/1€3HbIO AbLreil-
Mepa WM MePeHEeCUNX UHCYJIbT. Mbl JOCTUIIM CYLIECTBEHHOr'O IpOrpecca B
NOHUMAHUU TOTO, KaK aJIKOTOJib U HADKOTHUKU BJMSAIOT Ha MO3T U BBI3bIBAIOT

* National Institute of Mental Health. “Suicide in the U.S.: Statistics and Prevention”. Sep-
tember 27, 2010.

4 American Heart Association /American Stroke Association. “Impact of Stroke (Stroke Sta-
tistics)”. May 1, 2012.

5 National Institutes of Health, National Institute of Drug Abuse. “DrugFacts: Understand-
ing Drug Abuse and Addiction”. March 2011.
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3aBUCHUMOCTbD. MaTepnaJl 3TON KHUTHU AE€MOHCTPHPYET, KAK MHOTO BCETrO HaM U3~
BECTHO O q)yHKI_[PIHX roJoBHOro Mosra. Ho Hamm 3Hanus HECYIECTBEHHbBI 1O
CPaBHEHMUIO C TEM, YTO HaM €€ NPEACTOUT NU3YIHTb.

PE3IOME

HcTopuueckuit GpyHAaMEHT HeHPOHAYK 3aKUIaJbIBAJICA MHOTUMMU JIIOAbMU Ha
NPOTSXEHUH MHOTUX ITOKOJIEHUH. My>XUMHBI U JKEHIIUHbI CETOAHA pabGOTaIOT
Ha BCEX YPOBHAX aHAIM3a, UCIOJb3ys BCE JOCTYNHbIE TEXHOJOTHH, YTOGBI IIPO-
JIUTD ellle 60JblIe CBETAa Ha pa6oTy Hauero mo3ra. IT1oae! aToit paGoThl COCTaB-
JISIOT OCHOBY 3TOM KHUTH.

enbio HepOHAYK ABIAETCSA MOHUMAaHUE PaGOThI HEPBHOU cucTeMbl. MHO-
JECTBO BA)XHBIX BHIBOJOB MOXHO CH€JaTh, HU3ydyas JEATENbHOCTb YeJIOBEKa.
brarogaps ToMy YTO aKTHBHOCTb MO3ra OTPaXA€TCsA B MOBEAECHUM, TIIATENb-
Hble TIOBEJCHYECKHE U3MEPEHUs JAIOT HaM MHQOPMAIMIO O CIOCOGHOCTAX U
orpaHuyYeHuax yHkuuil Mosra. KoMnbloTepHble MOAENIH, KOTOpbIE BOCIIPO-
U3BOJAT BbIYHMCIUTEIbHBIE CBOIICTBA MO3ra, IIOMOTAIOT HaM MOHSATH, OTKY/A XKe
6epyTca aTu coiicTBa. Ha koxe rosmosbl Mbl MOXXEM U3MEPATb MO3rOBbIE BOJI-
HBI, KOTOPBIE€ MOTYT JaTh HaM MH(OPMAIHIO 06 3JIEKTPUYECKOH aKTUBHOCTHU
Pa3MYHbIX 30H MO3Ta BO BPEMs Pa3/IMYHbIX ICUXUYECKUX cocTossHui. HoBble
KOMIIbIOTEP-aCCUCTUPOBAHHbIE AMAarHOCTHYECKHE TEXHUKHU IO3BOJIFIOT Yyue-
HBIM HCCJIE0BATh CTPYKTYPY XHBOTO MO3Ta NPAMO B Yeperne. A UCIOJb3ys elle
60Jiee COBEpIIEHHBIE NMArHOCTHUYECKHE TEXHHUKH, Mbl MOXXEM BUJETb, KaKHe
30HBI Y€JIOBEYECKOTO MO3Tra aKTUBUPYIOTCA B pa3HbIX ycaoBuax. Ho Hu oaun
U3 3TUX HEMHBA3UBHBIX METOJIOB, CTApPBIX MJIM HOBBIX, HE MOXET IOJHOCTHIO
3aMEHUTb 3KCIIEPUMEHTDI Ha XUBOW MO3roBOil TkKaHU. Mbl HE MOXEM MOHAThb
CyTb yAaI€HHO 3apUKCUPOBAaHHBIX CUTHAIOB, €CJIM HE 3HAeM, KaK OHM IreHepu-
PYIOTCS M KAKOBO UX 3HaUYeHHEe. UTOObI MOHATD, KGK UMEHHO Pa6oTaeT MO3T, Mbl
JOJDKHBI BCKPBITh Y€PEIHYI0 KOPOOKY U 3ar/IHYTbh BHYTPb — HEHpOaHaTOMUYe-
CKM, HefpOHU3NOJIOrMUECKH U HEHPOXUMUYECKHL.

Temmnbl HEfipOHAYUHBIX MCCIE€0BAHUI CErOJHSA A€HCTBUTEIbHO MMOPAXaIOT,
JiaBasl HaM HaJIeX 1y Ha CKOPO€ OTKPbITHE HOBbIX JIEKAPCTB OT LIEJIOro psja 3a60-
JIEeBaHUIT HEPBHOM CUCTEMBI, €3KETOHO ITOPAXKAIOUIMX U KajleYallMX MAJUIMOHBI
mogeit. OJHaKO, HECMOTPS Ha OTPOMHBII IIPOrpecc NocjaeJHUX JeCATUIETU] U
IpeAIIEeCTBYIOMMX UM BEKOB, HaM BCE ellle MPEeJCTOUT AOJTUiM MyThb K IIOJTHOMY
MIOHMMAaHUIO TOTO, KaK MO3T BBINIOJHAET BCE CBOU BO3MOXHbIe JeiicTBus. Ho B
3TOM U KPOETCS INIaBHas NpeJiecTbh paGoThl HEHPOYYEeHbIX: 6JJaroaaps ToMy, 4TO
MbI TaK MaJIO 3HaeM O PYHKIMAX MO3ra, HOBOE MOPAXKAIOIee OTKPbITHE MOXKET
XJaTh HAaC IPAaKTHYECKH Ha KAXJOM IIary.
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Bonpocbi AN caMmonpoBepKu

1.

YTO TaKoe XeNyJ0YKU MO3Ta U Kakue QYHKIIMM UM IPUNHChIBA-
JIM Ha IPOTS)KEHUU BEKOB?

Kakoit skcnepumeHT BpImogHMI Bes, 4ro6sl mokasath, 4TO

HEPBBI TeJIa COAEPIKAT CMECh YYBCTBUTEJIbHBIX U JBUraTEIbHBIX
BOJIOKOH?

Kakue ¢pyHkimm 60yb1oro Mo3ra 1 Moxeuka GbIJIH IIPeAoJIo-
XeHbI 3kcnepuMmeHTamMu PiypaHca?

YTO 03HAYAET TEPMUH HCUBOMHAA MOOENb?

OgnHa u3 ob6acTell MO3ra CEroJHs Ha3blBaeTCA 30HON Bpoka.
Kax BbI cunTaere, kakue yHKIIMU MOXET BBIITOJHATD 3Ta 30HA
U rouemy?

Kaxue cymecTByloT ypOBHM aHOIN32 B HEHPOHAYYHbIX UCCIEA0-
BaHMAX? Kakumu BormpocaMu 3aJjaloTcsl HCCIEJOBATENN Ha KaX-
JIOM ypOBHe?

Kakue cymecTByloT aTanel Hay4Horo npotuecca? OnUIIMTe Kax-
JbIA U3 HUX.

HononHuTenbHaa nuTeparypa
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BBEOEHWE

Txanu 1 oprasbl Tejga cOCTOAT U3 KieTok. Cnenyaru3upoBanHble QYHKIMU
KIETOK M MX B3aUMOJeHcTBUSA onpeAeasioT GyHKIUU OpraHoB. Mo3r — 3To op-
raH, a TOYHEE, CAMblii CJIOXKHBII U CaMblii COBEPIIEHHbIN OpPTraH, U306pEeTEHHbIH
npupoaoit. OAHAKO CTpaTerus u3ydeHus ero GyHKIUH He OTIMYaeTCs OT CTpa-
TEruii, KOTOpble y4eHble IPUMEHSIOT /ISl UCCIEJOBAHUS TOKETYJOUHOM xe-
Je3bl UM gerkux. Haunnarte creayeT ¢ uaydeHus paGoThbl OTAEIbHBIX KIETOK
MO3ra, a 3aTE€M HCCJIEeJ0BaTh, KAK OHU OOBEAMHAIOTCA AJIs1 COBMECTHOMH pa6o-
Tbl. B HelipoHayke HeT HyX.bl Pa3feNaTb pasym U Mm032; NIOJHOCTBIO [TOHAB Ca-
MOCTOSAITE/IbHbIE U COBMECTHbIE AEHCTBUSA KIETOK HAlIErOo MO3Ta, Mbl CMOXEM
Pa306paThCs ¥ B CBOMX YMCTBEHHBIX CIIOCOGHOCTAX. JTa “Heitpodunocopus”
Halllla CBOE OTPAXX€HUE B IOCTPOECHUM JAaHHOW KHUTH. Mbl HAYHEM C KJIETOK
HEPBHOI CUCTEMBI, UX CTPOEHU, PYHKIMH U cpeAcTB cBA3u. B crenyiomux ria-
BaX Mbl PACCMOTPUM, KaK 3TH KJIETKH O6bE€AMHSAIOTCS B CXEMbI, OTBETCTBEHHbIE
32 YyBCTBUTEJIbHOCTD, BOCIPUATHUE, ABMXKEHHU S, PEUb U SMOIIUU.

JTa maBa COCpeJOTOYEHA Ha CTPOEHUU Pa3JUYHbIX TUIIOB KJIETOK HEpB-
HOM CHUCTEMBI: Heliponoe u aauu. ITO IMUPOKUIN pasfies, BIUIIOYAOMMUNA B cebd
MHOXECTBO TUIIOB KIETOK, Pa3/JMYHBIX IO CTPYKTYpE€, XMMUYECKOMY COCTaBY
u pynkuuam. Pasninuns mexay HelipoHaMu U miMel o4eHb BaxxHbl. HecMoTpa
Ha NPUGIU3UTENBHO PAaBHOE KOJIMYECTBO HEHPOHOB U IVIMM B MO3re B3POCJIOro
yejioBeka (0k0J10 85 MUIMAPAOB KIETOK KaXXI0T0 THUIA), UMEHHO HEMPOHBI OT-
BETCTBEHHbBI 32 60JIbIIMHCTBO YHUKAIbHBIX QyHKIMI Mo3ra. IMeHHO HelpoHbI
OIIYIIAIOT IEPEMEHY B OKpYXKalolllell cpefie, CBA3BIBAIOTCSA C APYTMMHU HEMpPOHa-
MU U KOMaHAYIOT peakiuell Teja Ha 3TU U3MEeHeHUs. [mns, Wi KUIeTKH IJIMH,
BIMAIOT HA (PYHKLIMIO MO3Ta B OCHOBHOM 6Jlarojapsi U30JILIUM, MMOAAEPKKE U
DUTAHUIO COCEJHUX HelpoHoB. Ec/m npeacTaBUTh MO3T Kak NeYeHbe C MIOKO-
JaJHOM KPOMUIKOM, TO MIOKOJaAHble KPOIWIKU GyAyT HepoHaMH, a muel GyaeT
TECTO NeYeHbs, 3aHUMAIOLIEe OCTABIIMIICA 06'bEM U YAEPKUBAIOLIEE KPOIIKU Ha
cBouX MecTax. Ha camom Jienie TEpMUH 24us TPOUCXOAUT OT IPEUYECKOro CJIo-
Ba, KOTOpPOE O3HayaeT “wieil”; MOXeT BO3HUKHYThb BlleUYaTIEHUeE, YTO IIaBHas
(pyHKIMA 3TUX KIETOK — He JaThb MO3ry BbiTe€4b Yepe3 Hamu ymu. Ho Takoe
IPUMHUTHUBHOE NpPEACTaBlE€HHE ONPOBEPraeT 3HaueHue Gynkiumn mun. Kak bl
y3HaeTe U3 3TOH IJIaBbl, YU€HbIE COBEPIIEHHO YBEPEHbDI, UTO HEPOHDI BBIMOJ-
HSIIOT 60JIbIIMHCTBO MH(GOPMAIMOHHBIX OTlepallMii B MO3Te, II03TOMY OCHOBHOE
BHMMaHUE GYAET yA€I€HO UMEHHO UM.

Heiiponayka, kak 1 npoune oTpacjiy, UMEET CBOIl COGCTBEHHBIII A3bIK. UTO-
6bl HCITOJIb30BATDh €T0, BbI JOJDKHBI BbIYYUTD cJ10Ba. [loce npoyTenus s3Toii ria-
Bbl IPOCMOTPUTE CIIMCOK IUTIOYEBbIX TEPMUHOB U y6EAUTECH, UYTO IIOHUMAETE
3HaUeHMe Kaxaoro u3 Hux. [Io Mepe uTeHus 3TOH KHUTM Balll CIOBapb HEHpPO-
HAaYYHBIX TEPMUHOB GY/IET TONOJHATHCH.
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HEVPOHHAS OOKTPUHA

H3sy4as cTpyKTypy KIETOK MO3ra, ydeHble CTOJIKHYJIUCh C HECKOJbKUMMU IIpe-
nATCTBUAMU. IlepBbIM ObUI Male€HbKMII pa3Mep 3TUX KIETOK. BoJbIIMHCTBO
u3 Hux umesu B auamerpe 0,01-0,05 mm. KoHunk He 3aTo4eHHOro KapaHJaa
HMeeT B JUaMeTpe OKOJIO 2 MM; AMaMeTphl Heiiponos — B 40-200 pa3 MeHbIe.
(KpaTkuit 0630p MeTpu4eckoiil cucTemsl puBejeH B Ta6i. 2.1.) M3-3a Toro uro
HEMPOHbI HEBUMMbI HEBOOPYXXEHHBIM IVIa30M, KI€TOYHask HelipoHayka He MOT-
Jla pa3BUBATbCSA O U300PETEHHUS CJI0XKHOro Mukpockona B koHie XVII Beka.
Ho paxxe nocjie atoro octamich npenarcteus. [ paccMOTpeHUs MOA MUKPO-
CKOIIOM TKaHU MO3ra TpeboBalOCh JejlaTh OY€Hb TOHKHE CPE3bl, B Ujeale He-
HAMHOTO ToJile AuameTpa kieTok. Ho TkaHb Mo3ra uMera xeneo6pa3Hyio KOH-
CUCTEHIIUIO, HEIOCTATOYHO IUIOTHYIO [JIS1 BBINOJHEHUS CTOJb TOHKHUX CPE30B.
Taxum 06pa3oM, aHATOMUYECKOE U3yYEHHE KIETOK MO3ra IPUIIOCh OTJI0XUTD
JI0 TeX Mop, NMOKa He MOSABUJICA METO/J, MO3BOJISIOIHUH YILIOTHUTD TKaHb, HE Ha-
pYylas ee CTPYKTypy, ¥ MHCTPYMEHT, C IOMOILIbIO KOTOPOrO MOXHO BBINIOJIHATD
oyeHb TOHKME cpe3bl. B XIX Beke ydeHble OTKPBLIM METOJA YIUIOTHEHMS, WIN
“cuxcanumn’, TKaHel MyTeM NOrpyXeHNs UX B popMaiIbIeruj, a Takxe u3odpe-
JIM CHENMATbHOE YCTPOHCTBO, HA3BAHHOE MUKPOMOMOM, AJISl CO3MAHUA TOHKUX
Cp€e30B NpenapaTos.

Taénuua 2.1. EaMHnubl ANWHBI B METPUYECKOW CUcTEeMe

EauHuua CokpauwieHne JKBMBANEHT JKBUBANEHT B O6bIYHOW XU3HU

B MeTpax

KunomeTtp KM 103 m PaccTosiHne, KOTOpoe YenoBeK He
TOPONACH MOXET NPOWTK 32 12 MUHYT

MeTtp M M 20 cnnYeyHbIX KOPoOKOB

CaHtumeTp  cMm 102 M TonwinHa Mn3nHUa

MunnumetTp MM 103 M TonLmHa HorTA Ha Hore

MWKpoMEeTp  MKM 10 m MpnbnuanTensHbIM Npeaen paspeLle-
HMSi CBETOBOIrO MMKPOCKOMNa

HaHomeTp HM 10° ™ MpnbnnantenbHbIA Npeagen paspeLue-

HNA SNEeKTPOHHOIro MMKpOoCKona

ITHU TEXHUYECKHE ITPOPBIBBI MOPOANJIM FTHCTOJIOTHIO — U3YU€HHE MUKPOCKO-
nu4yeckoil cTpykTypnl TkaHeil. Ho yuensle, uccienosaBue CTpyKTypy MO3ra,
CTOJIKHYJIMCBh C o4epeaHoil nperpajoii. Tosbko 4To MOAroTOBJIEHHAS TKAHb TO-
JIOBHOT'O MO3Ta BBITJIsfie/1a [0 MUKPOCKOIIOM KaK OJHOPO/JHasl TEKCTypa KpeMo-
BOTO 11BeTa 6€3 XapaKTePHbIX MUIMEHTAIUH, KOTOPbIe Gbl MO3BOJIAIN YYEHBIM
OIpeJeaTh OTAe/NbHble KIETKU. PUHAIbHBIM IPOPBLIBOM B HEMPOTUCTOJOTUM
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Puc. 2.1. HelipoHbl, OKpalLeHHble
no meroay Huccnsa. ToHkuin cpes
TKaHW MO3ra, OKpaLLEHHOW Kpe3uneu-
onetom no Metoay Huccnsa. Ckonne-
HUA OKPaLLEeHHOro BeLlecTBa BOKPYr
anep HeVIpOHOB Ha3blBaKOTCA Te/ibya-
mn Hucena. (Uctounmk: Hammersen
1980, Fig. 493)

CTIO MpEeJCTaBIeHHUE Crocoba OKpallMBa-
HUS, IPU KOTOPOM L[BET OOpETaIN JIUIIb HE-
KOTOpbI€, a HE BCE, YaCTHU KJIETOK MO3rOBOM
TKaHMU.

OAuH U3 METOJAOB OKpaUIMBAaHMsA, HC-
MOJIb3YEMBII M CErojHs, Obl1 M300peTeH
HeMelUKuM HeBpoJjorom Ppannom Hucciem
B koHlle XIX Bexa. Huccap mokasas, 4yto
KJIacC MIeJIOYHbIX KpacuTeslell crnocobeH
OKpalllMBaTb fi/[pa BCEX KIETOK, a TaKXke
CKOIUIEHMS BEIECTBA, OKPYXaBLIEro sjpa
HeHpoHOB (puc. 2.1). TU CKOIMJIEHUS Ha-
3bIBAIOTCA meavyamu Huccas, a METOA OKpa-
IIMBAaHUS Ha3bIBaeTcsa MerToxoM Huccis.
Meton Huccas dpessbryaitHo yao6eHn, mo-
TOMY YTO [TO3BOJISIET Pa3jnyaTh HEHPOHBI U

muio. biaroaaps 3ToMy rHCTOIOrM UCCAEAYIOT PACIIOIOKEHHE, WM ITMTOApXH-
TEeKTYPY, HeHPOHOB B Pa3JIMYHBIX YACTAX MO3ra (npeduKc cyto- IPOUCXOAUT OT
rpeueckoro cjopa “kirerka”). MayueHne HUTOaApPXUTEKTYpPhl IPUBEJIO K OCO3Ha-
HUIO TOTO, YTO MO3T COCTOUT M3 MHOXECTBA CIIeINaJIN3UPOBaHHbIX 30H. Ceii-
Yac HaM M3BECTHO, YTO KaX/[asi 30HA BHIIIOJIHAET Pa3IndHble (PYHKLIMH.

Puc. 2.2. Kamunno [onbpxu.
(Uctounuk: Finger, 1994, Fig. 3.22)

OkpawmBaHue no Nonbgxu

Tem He MeHee Meton Huccns He naeaneH.
BricTpo BBIssICHMIOCH, UTO HEHPOHBI, OKpa-
meHHble Mo Huccio, BbIrIAge M HUYEM He
JIydlie, YeM CoAepiKalliue sipo KOMKH IPOTO-
ma3mbl. Ha camoM ke fies1e HeiipoHbl ropa3sio
CJIOXKHee, HO HaCKOJIbKO MMEHHO, ObLIIO HEU3-
BECTHO /IO TeX MOP, NOKa UTaJIbSIHCKUI I'UCTO-
Jor Kamuuio [osbaxu He NpecTaBUII HOBBIH
Metoj (puc. 2.2). B 1873 r. Tonpxu ycTaHo-
BWJI, YTO NPONUTBIBAHME TKaHel Mo3ra pac-
TBOpPOM XpoMaTa cepe6pa, ceifdac Ha3bIBae-
Moe OKpalMBaHUeM 1o [0JIbKH, IOJHOCTBIO
OKpalIMBaJo HeGOIbLION NPOLIEHT HEMPOHOB
B TE€MHbIH 1BET (puc. 2.3). ITO OTKPLITHE MO-
Ka3ajlo, 4YTO TEJIO HeHpoHa M OKpyXKalolas
AP0 TKaHb, KOTOpbIE€ CTAHOBATCS BUIMMBI-
MU IpPH OKpallMBaHMM 1o Metoay Huccis,
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Puc. 2.3. HepoHbl, OKpaweHHble meToaoM Monbaxu. (Mcroy-

Huk: Hubel, 1988, p. 126)

ABJIIIOTCA JIMIIb MO YacTbiO CTPYKTYpbl
Heiipona. Ha puc. 2.1 u 2.3 nokasano, kax
Pa3JMYHbIE METOJAbI THCTOJIOTHYECKOIH OKpa-
CKH MOTYT JIaTh COBEPLIEHHO Pa3HylO KapTHHY
onnoi u Toi xe TkaHu. Ceroansa Heiiporu-
CTOJIOTUSL OCTAETCS AKTUBHOM OTpacIbIO Helt-
POHayk, a ee kpeo racut: “Mayyenune moara
3aBUCHUT B OCHOBHOM OT okpamuBanus” (The
gain in brain is mainly in the stain).

Oxpammpanue 1o JobAXM TOKa3bIBAET,
YTO y HEHPOHA €CTh KaK MUHMMYM JIB€ OTJIMYHU-
TeJIbHblE YacTU — LEHTpalbHasg 06JacTh, CO-
Jepxalas AApO, U MHOXECTBEHHbIE TOHKUE
OTPOCTKM, KOTOPbIE OTXOAAT OT LEHTpalb-
HOM 06J1acTH BO BCe CTOpPOHBbI. OKpyrias 06-
JIaCThb, COAEPIKAll[asi AAPO, UMEET HECKOJIbKO
B3aMMO3aMEHsEMbIX Ha3BaHUIl: Teo HeHpo-
Ha, coMa U nepukapuoH. Tonkue oTpocTkH,
OTXOAAIME OT TejNa HeHpOHa, Ha3bIBAIOTCH
HeHpHuTaMH, OHU GbIBAIOT JBYX THUIIOB. aKCO-
HBbI U JeHJPHUTHI (puc. 2.4).

[erpputbi

Henputbl
AKCOH -

Puc. 2.4. OcHOBHble CTPYKTYpbI
HeWpoHa
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Yaie Bcero ot TeJa HEHpOHa OTXOAUT OJUH aKCOH. AKCOH MMeeT Ha BCEM
NPOTSXEHUU OAMHAKOBBIH JUAMETP, 2 €r0 OTBETBJICHUS OGLIYHO OTXOIAT
MO/ NIPSAMBIM yIJIOM. bilarofjapsi ToMy, 4To aKkCOHBI IPOXOJAT Ha 60JbIINE pac-
CTOSIHUA B TeJie (MeTp uiu 60Jblie), TUCTOJIOTU TOTO BPEMEHM Cpa3y coobpa-
3WJIM, YTO aKCOHBbI paboOTaIOT MOJOGHO MPOBOAAM, IO KOTOPBIM IepeJaeTcs
uHpopMalus, UCXOAsIasa U3 TeJa HEpOoHa. A BOT AEHAPUTHI PEAKO ObIBAIOT
JUIMHHEE JBYX MIULTUMeTpoB. OT Te1a HelipoHa OTXOAUT MHOXECTBO AECH/PHU-
TOB, KOTOpbI€ OOGBIYHO CYXAIOTCH K CBOUM OKOHYaHUAM. [lepBbie rucrosoru
yCTaHOBUJIM: 6J1arojiaps TOMY, YTO A€HAPHUTHI UMEIOT KOHTAKTbl CO MHOTUMMU
aKCOHaMM, OHM J0JKHbI paboTaTh MOAOGHO aHTEHHE HEIIPOHa, MoJyYyas BXO-
A€ CUTHAIBL.

Bknap Kaxans

Tonbaxu n3o6pes METOJ OKpalIMBAHMSA, a €ro MCMAHCKHI COBPEMEHHHUK
NpUAYMaJl, KaK UCIIOJIb30BaTh 3TOT METO /A C MAKCUMaJIbHOM 10J1b30H. CaHTbATO
Pamon-u-Kaxanb 6bUI TATAHTIMBBIM TUCTOJIOTOM U XyAOXHUKOM, OH Y3HaJI IIpO
metoz [oapmxu B 1888 1. (puc. 2.5). Bo MHOrux cBoux ny6aukanusax B TedeHue
nocaexayomux 25 get Kaxanp ucnosnbp3oban
MmeToA Jonabaxu ANA CO3AaHMUA CXeM pas-
HBIX 30H Mo3ra (puc. 2.6). Jlo60mbITHO, HO
Tonbaxu n Kaxans npumim x coBepuieHHO
IPOTHUBOIOJIOXHBIM BBIBOJAM OTHOCHUTEJIb-
HO HeHpoHOB. [oMbAXY OTCTauBal MHEHHE,
4YTO OTPOCTKH pa3JIMYHbIX HEHPOHOB CIMBa-
I0TCsA, 06pa3ysl HENPEPLIBHYIO CETb, MOAOL-
HO apTepUsAM U BEHaM KPOBEHOCHOM cucTe-
Mbl. COIIACHO 3TOI PETHKYJISIPHOMH Teopuu
MO3T fABJIAJICSA UCKJIOYEHUEM U3 obmel kie-
TOYHOI TeopuM, KOTOpas IMacuja, 4TO OT-

Puc. 2.5. CaHTbsro PamoH-n-Ka-  AAC/IPHAA KIETKA ABIISETCS ¢pyHKIMOHATBHOM
xanb (1852-1934). (Mcrounmk:  CAVHHMIEH BCeX TKaHe# KUBOTHBIX. Kaxaib,
Finger, 1994, Fig. 3.26) CO CBO€H CTOpPOHBI, SAPOCTHO OTCTAMBANI
MHEHME, YTO OTPOCTKMU Pa3JU4YHBIX HeHpo-
HOB C8A3bL8AIOMCA OPY2 ¢ OPY20M C NOMOUBIO KONMAKMOE, A He CBAZANDL Henpepbleno.
Hnes o ToM, 4TO 1IETOYHAs TEOPUS PACIPOCTPAHAETCSA Ha HEMPOHBDI, U3BECT-
Ha KaK HelipoHHasa mokTpuHa. HecmoTps Ha To uto Iompaxu u Kaxams pas-
aemuau B 1906 r. Ho6eneBckylo npeMuio, OHM IO CAMOTO KOHIIA OCTABAIMCh
COTIEPHUKAMH.

Hayunblie cBumerenbcTsa creayromux 50 jeT cepbe3sHO YKpENUIu HEMpPOH-

HYIO IOKTPUHY, HO OKOHYATEJbHOrO J0Ka3aTeJbCTBA NPUILIOCh OXUAATH J0




M306pETEHUS 3JIEKTPOHHOIO MHUKPOCKOIIA B
1950 rr. (Bpe3ka 2.1). C yny4menHoit pas-
pemaoleil CrocoGHOCThIO 3JIEKTPOHHOTO
MHKPOCKONIa CTa10, HAKOHELl, BO3MOXXHbIM
M0Ka3aTh, YTO OTPOCTKU Pa3JNIHbIX HEHpo-
HOB He SIBJISIOTCS OAHUM LeJbM (puc. 2.7).
[ToaTOoMy Hamel UCXOAHOM TOYKOH B UCCIe-
JOBAaHMH MO3ra JOJDKEH ObIThb OTAEJbHBIN
HEUpOoH.

Puc. 2.6. OanH N3 MHOrmx pucyHko Kaxans,
n3o6paxcatomx cxembl Mo3ra. bykBbl ykasbl-
BalOT Ha pasfiMyHble ANEMEHTbI, onpedeneHHble
Kaxanem B y4acTke KOpbl FONOBHOrO Mo3ra ye-
noBeKa, OTBETCTBEHHOM 3@ NPOU3BOJIbHbIE Mbl-
weyHble Avxenunn. (Ucroynumk: DeFelipe and
Jones, 1998, Fig. 90)
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Puc. 2.7. OTpPOCTKM CBA3aHbl KOHTaKTaMK, a He HenpepbIBHO. [laHHbIe HeVpUTbI
6bInM BOCCO3aHbl U3 CEPUN CHUMKOB, CAeNaHHbIX C NMOMOLLIO 3NEKTPOHHOrO MU-
Kpockona. AKCOH (XenTbilA) HAaXOAUTCA B KOHTaKTe C AEHAPUTOM (CUHWNA). (McToy-
Huk: Courtesy of Dr. Sebastian Seung, Princeton University, and Kris Krug, Pop Tech)
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3710 UHTEepecHo

PasBuTMEe MUKPOCKONUU

Yenoseyeckuii rna3 cnocobeH pasnnyaTb ABE TOYKW, TONbKO €CNM OHW Ha-
XOAATCA Ha paccToaHum, npesbiwatowiem 1/10 MM (100 MKM). [TO03TOMY Mbl MOXXEM CKa-
3atb, 410 100 MKM — 3TO Npefen paspeLleHns AN Hallero HEBOOPYXXEHHOrO rnasa.
[vnameTp HerpoHa cocTaBnaeT okono 20 MKM, @ TONWMHA HeNPUTOB MOXET JoCTUraTb
LONM MUKPOMETpa. BoT nodemy ans Ha4ana udy4eHus CTPYKTypbl HEMPOHOB HEOOXO-
VM CBETOBOW MMKPOCKON. HO paspeluenve 3Toro tvna MMKpockona uMeeT npegen,
KOTOPbIA 3aBUCUT OT NIMH3 MMKPOCKONa M OT KONMYeCTBa BMAMMOro ceeta. l1peaen
paspeLueHns CTaHaapTHOrO CBETOBOr0 MWUKPOCKONA CocTasnset okono 1 Mkm. lMo-
CKONbKY paccTosHue Mexay HerpoHamm coctasnaeT nuwb 0,02 MkM (20 HM), He-
yOVBUTENBHO, YTO ABOE YBaXXaeMbIX y4eHblX, [onbaxu 1 Kaxans, He Mornu NpuiTun K
Cornacuio OTHOCUTENLHO TOrO, COEAMHANMUCL NN OTPOCTKN COCEAHMX HEMPOHOB He-
npepbIBHO. 3TOT BONPOC OCTaBancs HepaspeLleHHbIM elle npuMmepHo 70 neT Ao Tex
nop, Noka He 6blN N306PETEH ANEKTPOHHBIN MUKPOCKON 1 ero HE NPUMEHNNM K B1ono-
rmyecknm obpasuam.

ONEKTPOHHBI MMKPOCKON MCMONb3yeT ANA Co3aaHna n306paXkeHns Ny4oK 3NeKT-
POHOB BMECTO BMAWMOrO CBETQ, YTO CyLECTBEHHO MOBLILLAET pasdpeLluatoLlyto cno-
cobHoCTb. Paspewatowlas cnoCoBHOCTb 3NEKTPOHHONO MWKPOCKONA CoCTaBnseT
1 HM, YTO B MUIMOH Pa3 NyyLle HEBOOPYXEHHOMO rNasa 1 B ThICAYy pa3 ny4wle cee-
TOBOrO MWKpOCKoNa. Bce Hawm 3HaHWA O BHYTPEHHEN CTPYKType HerpoHa (ynbTpa-
CTPYKType) Obinn NONy4eHbl B XOAE UCCNE[OBAHWA FONOBHOMO MO3ra Nnofa 3NEeKTPOH-
HbIM MUKPOCKOMOM.

CerofHsa MMKPOCKOMbI CTOAT Ha NEPEfOoBbIX NO3MUMAX TEXHONOMMIA, NCNONb3YS na-
3epHble Ny4n ANA OCBELLEHWS TKaHW M KOMMbIOTEPbL! ANA CO3AaHusa UmMdPOBbLIX 130-
6paxeHnii (puc. A). HempoyyeHble Hay4mnnch BHEAPATb B HEMPOHbLI hNyOpPECUEHTHbIE
MONeKynbl, KOTOPble CBETATCH MOA BO3OENCTBMEM Nasdepa. 3TO CBeYveHue OUKCUPY-
€TCH BbICOKOYYBCTBUTENbHbIMM AATYMKAMK, & KOMNbIOTEP HA OCHOBaHWN 3TUX AaHHbIX
BOCCO3[aeT n3obpaxkeHne HerpoHa. B otnvyamne oT TpaanumMoHHbIX METOA0B CBETOBOW
N 3NEKTPOHHOM MUKPOCKOMUK, TPEBYIOWLMX hmKCaumm TKaHer, HOBbIE TEXHONOM N Mo-
3BONAIOT HEMPOYYEHbIM 3arNsaHyTb B €LLe XMBYIO TkaHb Mo3ra. bonee Toro, oHn obe-
Cne4vBatoT BO3MOXHOCTL “CBepxpas-
peweHns”, 4T0 N03BONAET NPE0AoNeTb
OrpaHvyeHns, Hanaraemble CBETOBOW
MWKPOCKOMNMEN Ha U3y4eHne CTPYKTyp,
nonepeYyHoe CeYeHe KOTOPbIX MEHb-
we 20 HM.

Puc. A. JNlasepHblii MMKpoOcKon W
Aucnnel KOMNbloTepa, Ha KOTO-
POM n3o6paxkeH thnyopecLeHTHbIA
HEeWpPOH WU AeHApUTbI. (MCTOYHUK:
Dr. Miquel Bosch, Massachusetts
Institute of Technology)
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APOTOTUMNNYHbLIN HEWMPOH

Kak MbI yxxe Buaenu, HEMPOH, UM HepsHAR KaemKa, COCTOUT U3 HECKOJIbKUX
yacTei: Tesa, akcoHa U AeHApuToB. CoaepxuMoe HeHpOHa OTAEIEHO OT BHEII-
Hell cpefbl 06040uK0l Helipona, KOTOpas, MOJOGHO IIUPKOBOMY WIATPy, HATAHY-
Ta Ha 3aMbICJIOBAThIil BHYyTPEHHUI KapKac HelfpoHa, MpuaaBas KaxJ0H yacTu
KJIETKM XapaKTepHbIN TpexMepHbId BuJ. JlaBaiiTe 3armissHeM BHYTpb HEMPOHA U
y3HaeM 0 QYHKIUAX Pa3JMYHBIX €ro yacTel (puc. 2.8).

Teno HenpoHa

Csoe nyremecTBHe Mbl HAYHEM C T€JIa — OKPYIJIOi IEeHTPAJIbHOM YacTH Hell-
pona. Teno crangapTHOro Hetipona umeeT okosio 20 MxM B fuameTpe. Boasauu-
CTas )XUJKOCTb BHYTPU TeJjia HelipOHa, Ha3blBaeMasi IUTO30JIeM, IIPE/CTABJISET
co06oif coJieHbIH, GOraThlii KaJlMEM pacTBOP, OTAEJIEHHbINH OT BHEIIHEN CpeAbl
060J104KOl HellpoHa. B Tesie conepKUTCS MHOXECTBO CTPYKTYP, OKPYXEHHBIX
060J104KOM. TU CTPYKTYpbl Ha3bIBAIOTCS OpraHeIamu. Teso HeiipoHa coaep-
JKUT Te K€ OpPTraHeJUIbl, YTO U IIPOYMe KIEeTKH XUBOTHBIX. BaxxHelmunmMu opra-
HEJIaMU SIBJIIIOTCA AP0, LIEPOXOBAThIN 3HAOMIa3MaTUUYECKUIM PETUKYIYM U
MUTOXOHJpUH. Bce, 4TO coaepxUTCs B IpefiesaX KJIeTOYHOH 060I04KH, BKJIO-
Yasi opraHeJ/ulbl, HO MCKJIIOYas AP0, Ha3blBAIOT IUTONIa3MOM.

fiapo

KneTtouynoe sapo pacrnosioxeHo B IIEHTPe, UMeET OKPYIJIylo popMy U OKo-
J10 5-10 MxM B fuameTpe. OHO MOKPBITO ABYCJOHHOI 0607104KOM, Ha3bIBAEMOM
A0eproti membparoi. InepHas Mem6paHa NPOHU3aHa IOPAMHU AMAMETPOM OKOJIO
0,1 Mxm.

BuyTpu sAzapa pacnojioxeHbl XpOMOCOMBI, KOTOPbIE COAEPXAT TeHEeTHYe-
cxuit matepuan JHK (mesokcupuboHykienHoBylo Kucaoty). Csoio JJHK b
HOJIYYUIM OT CBOUX POAUTEJIEH, B HEH COAEPKUTCSA CXEMA BCETO BalllEro TeJja.
JHK Bo Bcex Balmx HelipoHaX OJMHAKOBa, U OHA Ta )K€, YTO B KIETKAX Ballei
neYyeHu WM IOYeK MM JOGBIX APyrux opraHos. HellpoH oT kj1eTku neveHu
oTmM4aeTcs ocobbiMu yuacTkamu JJHK, koTopble UCIIONb3YIOTCA AJIS CO3aHUS
kieTku. Itu cermeHTh! JIHK HasbpiBaloTCcs reHaMu.

Kaxjas xpoMocoMa COAEPXKUT HEMpepbIBHYIO ABycnupaibHyio nenbs JHK
mupuHoit 2 HM. Ecimm pasnoxuts B pag JHK 46 yenoBeyeckux xpoMocoMm, TO
UX AauHa coctaBuT 6oee 2 M. Ecim cpaBuuBath JJHK ¢ 0o6mum Ynciom cumso-
JIOB B 3TOU KHUTE, TO T€Hbl GyAyT paBHOLIEHHbI OTAEIbHbIM CJIOBAM B Hell. [eHbI
umeloT AauHy oT 0,1 10 HECKOIbKUX MUKPOMETPOB.

INpouecc “cunthiBanusa’ JHK HasbiBaloT akcmpeccueit rexos. Hroro-
BbIM IIPOAYKTOM 3KCIIPECCUU T'€HOB fBJAETCA CUHTE3 MOJIEKY], Ha3bIBAEMbIX
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NpoTeMHaMM (6eKaMH), KOTOPbIE CyIECTBYIOT B OTPOMHOM Pa3HOOGpa3uu
¢opM U pa3mMepoB, BBINOJIHAIOT CaMble pa3Hble GYHKIMU U JAIOT HeHpoHam
NPaKTUYeCKU BCE UX YHHMKalbHble XapakTepucTuky. CuHTe3 Genkos, c60pka
MOJIEKYJI TPOTEUHOB, IPOUCXOAUT B nuromaasMe. Ma-3a Toro, uro JHK nu-
KOT/Jia He TIOKUJAET NpeAebl A4pa, FeHeTHIeckas NHPOpMaIUsa epeHOCUTCS
MOCpeJHUKAMHU K MECTY CUHTe3a GeJIKOB B LIMTOIMIa3Me. ITY (PYHKIIUIO BBINOJ-
HfET Apyras JJIMHHas MOJIEKyla, Ha3blBaeMas MHGOPMaIMOHHOI puGoHy-
wrenHoBol kucnoroi, i uPHK. nPHK cocTouT M3 YeThipex pasiMyuHbIX
HYKJIEMHOBBIX KHCJIOT, CO€AMHEHHBIX BMECTE B Pa3HbIX IIOCIEA0BATEIbHOCTSAX,
o6pasyiomux Lemnb. IToapo6Has mociea0BaTebHOCTh HYIJIEMHOBBIX KHCJIOT B
LleNHU TPEeACTaBIsAeT MHPOPMALIMIO, COAEPKALLYIOCS B T€HE, TIOXOGHO TOMY, KaK
1I0CJIe0BATEIbHOCTD GYKB MPUAAET 3HAUEHU A OTAENbHBIM CJI0BAM.

IMpouecc c6opkn Ppparmenta nPHK, comepxkamero nHdopManuio o rexe,
Ha3bIBAETCA TPAHCKpUIIMeii, a NoJyYyeHHas B pe3yabTaTte aToro uPHK Hasbl-
BaeTcsa mpancxpunmon (puc. 2.9, a). Mex ay reHaMH, KOAUPYIOIMMU GeJIKH, pac-
noJioxeHs! AuHHbIe oTpe3ku JJTHK, o dyHk1mM KOTOpBIX 10 CUX IOP MaJIO YTO
n3BecTHO. OJJHAKO HEKOTOPBIE U3 3TUX 30H UTPAIOT BAXKHYIO POJIb B PETYASILUH
Tpa"ckpunuuu. C 0JHOI CTOPOHBI reHa pacloJIoKeH MPOMOTOP — 30Ha, K KO-
TOpOIi B HaYale TPaHCKPUNIMU KpenuTcsa gpepMenT, cunTesupyomuii PHK, —
PHK-nosumepasa. CBA3bIBaHHE [TOJUMEPA3bI C IPOMOTOPOM TECHO PEryIUpyeT-
cs ApyruMu GesKaMHU, Ha3blBaeMbIMU (pakTopamm TpaHckpumuuu. Ha xpyrom
KOHIIE pacnosioxeHa nocjenosarenbHocTsh JHK, naspisaeman mepmunamopon,
UM cmon-k00onon, pacrnozHapaemas PHK-nosumepasoit kak xoHeYHas TOYKa
TPaHCKPUIILHH.

ITomumo Hexoaupylomux 3oH JIHK, xoTopele pa3jie/gioT reHsl, 4acTO BHY-
TPU CaMMX reHoB BcTpevaroTcs orpesku JJHK, He ucnonbayeMble a1 KoAUpo-
BaHUA 6€jKa. TU BCTaBOUHbIE 30HBI HAa3bIBAIOTCA UHMPOHAMU, A KOAUPYIOLIHE
H0CJIE/IOBATENbHOCTHU HAa3bIBAIOTCA 3k30Hamu. [lepBUYHbIE TPAHCKPUNITHI COAED-
AT ¥ MHTPOHBI U 3K30HbI, HO 3aTEM B XOJI€ [TPOLIECCa, Ha3bIBAEMOrO CIUIACHH-
rom PHK, UHTPOHBI BBIPE3aIOTCS, 2 OCTABIIMECS 3K30HbI CIIMBAIOTCS BOEJUHO
(puc. 2.9, 6). Mnoraa BMecTe C MHTPOHAMU BbIPE3aIOTCSA U HEKOTOPbIE 3K30HBI,
3acuer yero obpasyercsa anbrepHaTuBHasg UPHK, koropas Ha camom fene koau-
pyerT apyroit 6eyok. IIoaToMy TpaHCKPHUIILIMS OJHOTO reHa MOXET B KOHEYHOM
UTOre JaTh HECKOJIbKO pa3anyHbiXx MPHK u pasnbix 6ekoB.

Tpanckpuntet uPHK BbIXOAAT U3 fapa Yepes nopbl B Al€pHON MEMOPaHe U
HaMpaBJIAIOTCA K MECTaM CHMHTE3a MPOTEMHOB, PACIOJIOXEHHBIX B APYTUX 06-
JlacTAX HellpoHa. B 3Tux MecTax MoJiekyJa 6ejika cobupaeTcss MOAOGHO MoJle-
xyse uPHK: nyTem cBsi3bIBaHUS MHOXECTBA MEJIKMX MOJIEKY] B Lienb. B ciayyae
C IPOTEMHAMH CTPOMTEJbHBIMU GJIOKAMH CJIYXAaT aMMHOKMCJIOTBI, KOTOPbIX
cymecTByeT 20 pa3m4HbIX BUAOB. [Ipouiecc c60pku MOJIEKYJIbI 6€JIKa U3 aMUHO-
kucoT no uHctpykuuam uPHK nasbiBaeTca TpaHcasnuei.
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Puc. 2.9. TpaHckpunuus reHa. (a) Monekynsl PHK cuHteaupytoTcs PHK-nonvmepason, a
3aTeM npespaLlaloTcs B xoae npoueccuHra B MPHK, KoTopas nepeHocuT MHCTpyKUWK no
c6opke NnpoTenHa u3 sapa B uMTonnasmy. (6) TpaHcKpMNUmA Ha4MHaeTCA Ha MecTe NPOMO-
TOpa reHa 1 3akaH4vMBaeTca Ha MecTe TepMuHaTtopa (cTon-kogoHa) reHa. MepeuyHas PHK
[OJDKHA NPOATW CNNANCUHT ANA YAANEHNA UHTPOHOB, HE KOAMPYIOLLMX 6€noK

Hayunoe usyuyenue aToro npouecca, KOTopblit HaunHaeTcs B aaepHoit THK
Y 3aKaHYMBAETCH CUHTE30M MOJIEKY GeJIKa B IUTOIIA3ME, Ha3bIBACTCSH MOALKY-
aaproti 6uonozueii. “lleHTpanbHas AorMa” MOJIEKYJIAPHONH GMOJIOTMM BBIJIAAUT
CJIeAYIOUUM 06pa3oM:

IIHK Tpanckpunuus MPHK Tpancnaums Benok

leHbl HEHPOHOB, reHEeTHYecKoe Pa3HO06Pa3He U reHHas UHXEeHepus

Heiipons! oTIMYaIOTCA OT APYTUX KIETOK T€Ja OCOObIMU F€HaMHU, KOTOphIe
sKcnpeccupyloTcs kak 6enku. Ceifyac HaM JOCTyneH HOBBIN B3rjsj Ha 3TU
reHbl 6y1arofaps MoJHo pacmn@poBKe YeI0BeUeCKOro reHoMa — Beeil rmocJie-
nosatenbHocty JTHK, cocTaBisiomeit reHeTHYeCKyl0 MH(GOPMAIMIO B HALIMX
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xpomocomax. Ham nasectnsr 25 000 “ci1oB”, cocTaB/IsS10IMX Halll FE€HOM, a ellie
MbI 3HA€M PaACIOJIOKEHHE KAXX/J0r0 U3 HUX Ha ONpe/ieJIeHHbIX YUaCcTKaX XpOMO-
coM. Bosiee Toro, ceityac Mpl M3yyaeM reHbl, KOTOpPbl€ KCIPECCUPYIOTCH HC-
KIIOYUTEJbHO B HEMpOHaxX (Bpe3ka 2.2). 9To 3HaHHe OTKPBUIO HaM NyTh K IO-
HUMaHHIO F€HETHYECKOTO OCHOBAHUS MHOTUX 3260JI€BAaHUI HEPBHOM CUCTEMBI.
[Tpu HexoTOpbIX 3260/I€BaHUAX OTCYTCTBYIOT AnuHHbIe ydyacTku JJHK, comep-
Xallye oNpeJeIeHHble TE€HBbI, IPU APYTUX reHbl IOBTOPSIOTCS, YTO MPUBOJAUT
K Ype3MEPHON 3KCIPECCHU ONpeJeIeHHOro 6ejika. OTH HapyIIeHUs, Ha3bIBa-
€Mble UIMeHEHUeM KOAUMECMEA KONUT 2eHd, YaCTO BO3HUKAIOT B MOMEHT 3a4aTus,
korza oruoBckas u MatepuHckas JJHK cmemuBalores, coznasas JIHK noTomka.
HenasHno 6b1y10 10Ka3aHO, YTO HEKOTOPBIE CyYau TSKEJbIX ICUXUYECKUX 3260~
JIEBAHM1, BKJIIOYAsl Y TU3M U IIM30(PPEHMIO, BbI3BIBAIOTCS U3MEHEHHEM KOJIHYe-
CTBa KOIUII reHa y MopakeHHbIX JeTe.

Jpyrue 3a6ojieBaHUsl HEPBHOU CHCTEMBI BbI3BAHbI Mymayuamu — “oredar-
KaMH~ B reHe WM NpoMexxyTouHblx 3oHax JJHK, peryaupylomux akcrnpeccuio
reHoB. B HEKOTOpBIX CJIy4adxX KaKoro-1u6o 6ejika MOXET GbITh Ype3BbIYaHO
MHOTO WJIM K€ OH MOXET BOBCE OTCYTCTBOBAaTb, Hapylas (PyHKIMIO HelpoHa.
IIprMepoM CIIY>)KUT CUHAPOM XpYNKOH X-XpOMOCOMBI, 3a60JIeBaHHE, KOTOPOE
NPOSIBJISETCA YMCTBEHHOI OTCTAJIOCTBIO M ayTH3MOM U BBI3BIBAETCS Hapyllle-
HHUEM BCEro JIMIIb OJHOTO reHa. MHOrMe Hallk TeHbl UMEIOT MEJIKHE MyTalluH,
Ha3bIBAEMbIE NOAUMOPPUIMOM OOUHOUHBLY HYKALOMUO0E, KOTOPBIE SABJIAIOTCA aHa-
JIOTaMM MEJIKHUX OIeYaTOK — OIUGOK BCero B ogHOH 6ykBe. OGbIYHO OHM 6J1aro-
NPUATHBIE, HO MHOT/Ja TaKKe MyTallM MOTYT IOpaxaTbh HOPMAIbHYIO (PYHKIIUIO
6eka. [Tono6GHbIi momMMop}13M OJMHOYHOrO HYKJIEOTHAR, CaM ITo ceGe MU B
KOMGHHALIMHU C IPYTUMH, MOXET BJIMATb Ha (PYHKIIMIO HEHPOHOB.

Moar o6pa3oBaH reHaMH, U MOHMMaHHE TOro, KaKk OHHU BJMAIOT Ha (YHK-
UM HEIIPOHOB y 30POBLIX U GOJIbHBIX JIOJEH, ABIAETCSA INIABHOM 1€JIbIO HEl-
poHaykH. Ba)XHbIM NIPOpPBIBOM CTaJIO M306peTeHHE MHCTPYMEHTOB reHHOM
MH)KE€HEePHH, NO3BOJIAIONIMX MEHATb OPraHU3Mbl IyTEM CO3JaHUs MyTalMii
reHOB WIM UX BHEJAPEHHA. DTa TEXHOJIOTHS Yalle BCEro MCIOJb30BaIach Ha
MBIIIAX, IIOTOMY YTO HEPBHAS CUCTEMA 3THX GBICTPO IUIOASIIMXCS MIEKOINTA-
IOIMX CXOXa C YesoBedeckoil. CerojHs B Kpyrax Helipoy4eHbIX 4acTO MOXHO
YCJIBIIATh O “HOKAYTHBIX” MBIIIAX — MBIIIAX, Y KOTOPBIX YJaJ€H OAMH U3 re-
HOB (“BBIOUT M3 NOCIEA0BAaTENBHOCTH ). Takux MbIIelt MOXHO HCIIOIb30BATh
JUIS U3y4eHUsl pa3BUTHUA 3a60JIeBaHUM, TaKUX KaK CHHAPOM XpyInkoit X-xpo-
MOCOMBI, C eJIbI0 Koppekiuu. JIpyroil noAXox — cO3faHHE TaK Ha3bIBA€MBIX
TPaHCreHHBIX MbIIIEi, KOTOPbIM BHE/PAJINCH U 3KCIIPECCUPOBATNCH CTOPOH-
HU€ T€Hbl; TAKME HOBBIE I€HBI HA3bIBAIOT mpanczenamu. Takxe ObLIM CO3/aHbI
Moan(HIMpPOBaHHBIE MBIIIM, POJHON r'eH KOTOPBIX 3aMeHAJICS MOoAudULIY-
pOBaHHbIM TpaHCI‘CHOM.
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Ha nepeaHem Kpae Hayku

BbipaxeHue co6CTBEHHOro MHEHUSA
B NOCTTEHOMHOM BEKe

Pacwundpposka venosedveckon [HK, 3asepweHHan B 2003 r., ctana BOUCTUHY
dyHAaMeHTanbHbIM 4OCTYXKEHWEM. MMPOeKT “MeHoM Yenoseka” onpegenn BCe noYyTm
25 000 reHoB 4venoseveckoit [HK. Ceitvac Mbl XWBEM B TaK Ha3blBAEMOM MOCTre-
HOMHOM Beke, Korfa MHpopMauma O HalLMX reHax, 3KCNPEeCcCUpPyEMbIX B HAWMX TKa-
HAX, MOXET MCMONb30BaTLCA ANSA ANArHOCTUKM U neyveHns 6onesHein. Henpoy4yeHslie
NCNONB3YIOT 3Ty MHOPMaUMIo, 4TOObl OTBETUTL HA AaBHME BONPOCHI O Byronormnye-
CKOW OCHOBE HEBPOMOMNYECKNX N NCUXMATPUHECKMNX HAPYLLIEHWIA, @ TaKXKe Kak MOXHO
6nmke NOJOMTM K UCTOKaM NMYHOCTU. JTorMyHO HanpalumBaeTCs Cnegyrollee 3aknio-
YyeHne. Moar sBnaeTCa NPOAYKTOM 3KCMPECCUMPYEMbIX B HEM FEHOB. Pa3nuyms B 9KC-
NPECCUN reHoB Mexdy HopManbHbIM 1 60MbHLIM MO3rOM (MM MO3rOM C HEOObIYHBIMU
CNOCOBHOCTAMM) MOryT MCNONL30BAaTLCA ANA ONPEAENeHNs MONEKYNAPHOM OCHOBbI
HabnogaeMblx CUMATOMOB VN CBONCTB.

YpOBEHb 3KCNPECCUM reHa ONpeaenseTca Kak KONMYeCTBO KONWiA TPaHCKPUMTOB
UPHK, CMHTE3MpYEeMbIX PasnMyHbIMU KNETKaMU MW TKaHAMU C Uenbio JanbHenwe-
ro CUMHTE3a onpefeneHHbIX NPOTENHOB. TakvM 06pa3oM, AnA aHanu3a 3KCnpeccum
reHa TpebyeTcs CpaBHEHWE OTHOCUTENBHO H60oNbLWOro pasHoobpasus MPHK B Mo3ary
ABYX rpynn Nioaein nnu *unBoTHbIX. OgHUM 13 CNOCOBOB BLINONHUTL TAKOE CPaBHEHWE
ABNAETCH ncnonb3osaHne Mukponawenen AHK, cospaBaembix po6OTU3NMPOBAHHDI-
MW MalLMHaMmK, KOTOPbIE YNOPAAOHYMBAIOT ThICAYM ManeHbKWUX TOYEK CUHTETUHECKON
OHK Ha MuKpockonnyeckon naHenu. Kaxaas To4ka COAEPXUT yHMKanNbHyO nocne-
fosatensHocTb [HK, koTopas pacnos3HaeT pasnuyHble nocnegosarensHocTn MPHK
1 NpunNUNaeT K HUM. YT06bl CPaBHWTL 3KCMPECCUIO FeHa, B MO3re AByX nccneayemblx
6epyT o6pasusl MPHK. 3atem MPHK oaHOro Mo3ra MeTaT XMMWUYECKUM BELLIECTBOM,
N3ny4aroLimm 3eneHolin ceeT, a MPHK gpyroro Mo3ra METAT BELLECTBOM, M3MyHaroLmm
KpacCHbI cBeT. 3areM 3Tn 06pasubl HAHOCAT HA MUKPONAaHeNb. MeHbl C BbICOKOW CTe-
NEHbIO IKCMPECCUN BbI3bIBAIOT APKOE CBEYEHWE NATEH, @ OTHOCUTENbHbLIE Pa3NMynsa B
3KCMPECCUM reHa onpeaensanTCa pasnuymammn useTta ceedeHuns (puc. A).
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/ Mpo6upka ¢
/WPHK c mosra 2,
| MeyeHHast

3e/1eHbIM LIBETOM

Mpobupkac |\
MPHK ¢ mo3ra 1,}
MeyeHHas L
KPacHBIM UBETOMY | oy, HaocHTcs
Ha MUKpenaHens JHK
\/ Kanns uckyccteernHon IHK

¢ reHocneunduyeckoi
nocnenoBaTeNbHOCTHIO

leHco lenc [eH co NUkponaes
CHUXEHHOM 0[MHaKoBOW CHUXEHHON

3KCMpeccuenr  aKCmpeccuen  aKCmpeccyven

B MO3re 2 B 0Ooux Mo3rax B moare 1

Puc. A. NpodunbHan auddepeHumauma 3KCNpeccum reHos

Ha cTpanunax 3Toii KHUTH BbI ellle He pa3 IPOYUTaeTe, KaK FeHHO-MOAU(U-
IMPOBaHHbIE XHBOTHBIEC HCIIOJb3YIOTCS B HelipoHayke. OTKPBITHS, IO3BOJIUB-
e TeHETUYEeCKH MOAN(UIMPOBATh MbIIIEH, CAETAIM PEBOJIIOLMIO B GHOJIO-
ruu. UccenoBaTeny, 3aHUMaBUIMECs STUMHU pa3paboTkamu, B 2007 r. moayuuiu
Hob6eneBckyio npemMuio 1o GU3MOJIOTHH U MEJUIMHE. DTUMHU YIEHBIMHA ObLIN
MapTtusn dsanc us Kapauddckoro yuusepcurera, Osusep CMuTHC U3 YHUBED-
cureta CebepHoii Kaponuns! B Hanen-Xunt u Mapuo Kanexku us Yausepcu-
tera IOThI (Bpe3ka 2.3).
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BpeéKa Eacl [loporoun oTKpbITUA

TapreTupoBaHue reHoB y MbilLen
astop: Mapvo Kanekkn

OTkyda y MeHs BnepBble BO3HWKNA Waes TapretmpoBaHus
reHoB y Mblwein? N3 npoctoro Habnogennsa. Maik Burnep na
na6opatopwn Kong CnpuHr Xap6op vn Puyapa Akcn n3 Konywm-
6uiickoro yHusepcuteta onybnukosann 8 1979 r. paborty, B
KOTOPOW rOBOPUNOCH, YTO NPY BO3AENCTBMN Ha KNETKU MNEKO-
nutalowmx cmecbio [HK 1 dhocchara kanbums HeKoTopble KNeTku NpuHnuManu B cebs
[OHK B dhyHKUMOHaNbHOM hopMe 1 3KCNpeccMpoBany 3aK0AMPOBaHHBIE B HUX FEHbl.
310 6bIN0 NOPA3UTENLHO, MOCKONbLKY OHW ACHO AANW NOHATb, YTO YyHKUMOHANbHAN
ak3oreHHas [JHK MoxeT 6biTb BHEAPEHA B KNETKM MnekonuTailowmx. Ho MeHs yaveu-
no, NOYeMy UX NPOU3BOAMTENLHOCTL BbiNa Takom HU3KoW. bbina nu npobnema B fo-
CTaBKe, BO BCTpamBaHuM 3k30reHHon [HK B XpOMOCOMY MMM B 3KCMPECCUM reHos,
BHefpeHHbIX B XPOMOCOMY HocuTena? Y1o, ecnu BBecTu ouuleHHylo [JHK npsMo B
AP0 KyNbTUBMPOBAHHOM KNETKM MNeKonuTaioLero?

YT06bI y3HaTL 3TO, A Nepefenan 3aNeKTPon3nNoNorn4ecKyto yCTaHoBKy konnerv B
MUHWATIOPHYIO UIoNKY, 4Tobbl C ee NoMoLbio BBOAWTL [AHK NpsMUKOM B SAPO KMBOW
KNEeTKN C UCNONb30BaHNEM MUKPOMAaHUMYNATOPOB M CBETOBON MUKPOCKONUK (puc. A).
OTa npouenypa cpaboTtana HeBepoAaTHO adydbekTnBHO (Kanekkw, 1980 r.). C aToin
METOAMKOWM YacToTa yCMeLHbIX MHTerpauuin 4ocTurna OaHON Ha TPU KNETKN BMECTO
OfHON Ha MUNNNOH, Kak 6bino Ao 3Toro. CTone BbiICOKas 3hPEKTUBHOCTL NpvBEna
NPAMUKOM K M30OPETEHNIO TPAHCTEHHbIX MbILLEA NyTeM BBEAEHUS N CNyYalHON WH-
Terpaumm 3k3oreHHon [HK B XpOMOCOMbI ONNOAOTBOPEHHBIX SALEKNETOK, UMK 3UrOT,
MbiLen. [inA AOCTUXKEHMA BbICOKON 3PEKTUBHOCTN 3KCnpeccun ak3oreqHon [HK B
KneTke-peunnmeHTe 66ino0 He0bxoaAMMO NPUKPenuTb Hebonblumne dparMeHTbl BUPYC-
Ho [QHK, KoTopble, Kak Mbl NOHANM NO3Xe, COAePXaT NoCnefoBaTensHOCTU-yCUnmTe-
NN, KPUTUHECKM BaXKHbIE ANS SKCNPECCUM MEeHOB 3yKapuOTOB.

Ho 6onbLue BCero MeHs Nopaswno To, Y4To, Koraa B SAPO KNETKM BBOANNN MHOXe-
CTBO KOMWIA OHOrO reHa, BCe 3T MONEKyNbl BbICTPanBannChb W CBA3bIBANMCH B MNO-
psagke “KoHel B KoHeu”. 3Ta nocnefoBaTenbHOCTb NONy4nna Ha3BaHwe KoHkaremep
(pyc. B). 310 6bINO YAVBUTENBHO U HE MOMNO ObiTb CNy4aHOCTLIO. Mbl pelumnuce
6€30roBOPOYHO A0Ka3aTh, YTO FOMONOrMYecKas pekoMbnHaums, Npouece, B KOTOPOM
XPOMOCOMbI 0OMEHMBAIKOTCH FEHETUHECKON MHpopMaumen BO BPEMSA KNETOYHOroO Ae-
nenwus, 6bina OTBETCTBEHHA 3a BKNoYeHne nHopoaHon AHK (donrep v ap., 1982 r.).
OTOT 9KCNEPUMEHT NoKasarn, 4To BCe COMaTUHECKME KNETKM MNEKOMUTAIOLLIMX UMEoT
BeCbMa 3(PHEKTUBHDBIN MEXaHN3M 3ameHbl cermeHToB [HK co cxoxelt HykneoTnaHowm
nocnefoBaTenbHOCThIO. VIHbekums B AAPO ThICAYM KONWIA NOCNeaoBaTensHOCTM OAHO-
ro reHa NpPUBOAMNA K MHTErpaumm B XpOMOCOMY KOHKaTemMepa, COCTOSLLIEr0 U3 ThICAYM
KOMWUIA 3TOM NOCNeaoBaTeNbHOCTW, BCE M3 KOTOPbIX ObiNW OAMHAKOBO HanpasneHb!.
3710 NpocToe HabnaeHe NPUBENO MEHA K MbICIN O BOSMOXHOCTU MyTaumm nioboro
reHa ntobbiM BO3MOXHBLIM CMOCOBOM Y XMBbIX MbILIEn NyTeM TapreTMpoBaHWs reHoB
(aHrn. target — MULLEHD).

BooaywesneHHbln aToin naeen, s 8 1980 r. noaan 3asBky Ha rpaHT B HaunoHanbHbIn
nHCTUTYT 3aoposbs (HN3) CLUA ¢ npeanoxeHnem HanpsMyto M3MeHsTb NOCnefoBa-
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Puc. A. Hbekums nHopoaHon [IHK B onnoaoTBOPEHHYIO AALEKNET-
Ky Mbiwn. (U3o6paxenve npegoctasun Dr. Peimin Qi, Division of
Comparative Medicine, Massachusetts Institute of Technology)

Puc. b

TensHoCTb [HK reHa B KynbType KNeToK MNEKONUTaoLWLMX NyTEM FOMONOrM4ECKON pe-
KoMBuHaumn. Moe npeanoXeHne OTKNOHUMK, XOTA 0Tkad Bbin cnabo apryMeHTMpOBaH.
B HIN3 yTBepxaanu, 41o gaxe ecnu HaiTu nocnegosaTensHoCTe HK, goctatoqHo no-
XOXYIO A5 OCYLLIECTBNEHNA FOMONOrNYECKON PEKOMOMHALMN B XKMBbIX KNETKaxX MNEKO-
nuTatowmx (copeparimx 3—10° nap HyKNeoTUAHbLIX OCHOB), BEPOATHOCTL f06aBNEHNS
B NOCNeAoBaTenbHOCTL 3k3oreHHon [HK GyneT ypessblqainHO Mana. K cyacTbio, Mos
3asBKa Ha rpaHT CoAepXKana eLLe Asa NPeanoXeHus, KOTopble NOHPaBUANCL KONNerum
8 HIN3, 1 oHX BbIAENMAM CPEACTBA HA 3TN NPOEKTbI. A NCNOMb30Ban 3T CPEACTBa Ha
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peann3aumio NpoeKTa TapreTmposBaHnsa reHos. CnycTs YeTbipe roga y Hac yxe 6binu
pesynbTatbl, NOATBEPXKAAOLLME, YTO Mbl MOXEM BbINONHATL TAPreTMpoBaHne reHos B
KNeTkax MNeKonuTaloLLmX. 3aTeM i Hanpaswn NOBTOPHYIO 3asBKy Ha rPaHT B Ty Xe KO-
Mmceuio B HM3, Ha 3TOT pas NpednoXms paclumvpuTb TapreTMpoBaHne reHoB Ha co3fa-
HVEe MyTaHTHbIX MbILLEN. VX 3KCNepTHOE 3aKNioYeHne Ha4MHaNoCh CO CneayLLmx CNos:
“Mbl pagbl, 4TO Bbl HE NOCNeAoBany HaleMy coBeTy..."

Ha pa3BuTue TexHWKM TapreTMpoBaHWs reHoB Mbilwert y MeHs ywno 10 net (To-
mac n Kanekkw, 1987 r.). Ho go 3toro ycnexa Ham NpULNOCH MOHATb MEXaHWU3MbI
rOMONOrM4eCKOM PEKOMBMHALIMM B KNETKax 3ykapuoToB. Takxe n3-3a HN3KOM YacToTbl
TapreTMpoBaHua reHoB, ecnuy 6bl Mbl MO NEPEHECTWN HaLLy TEXHONOMMIO Ha MbILLIE,
Ham 6bl NoTpeboBancb 3MOPUOHANbHBLIE CTBONOBLIE KNETKW MbILLER, CNOCOBHbIE K
06pa3oBaHNIO 3apofbILLEBLIX NUHWIA, — CNepMaro3ouabl U ANLEKNETKN — Y B3POC-
NbIX XMBOTHbIX. A BNan B 4enpeccuio nocne cepum Heyaay ¢ MCNonb30BaHMEM KNETOK
3aMBpuroHanbHoM kapumHoMel (3K). 3aTem 4o MeHs gowen cnyx, 4To MapTuH 9BaHc 13
Kembpuaxa seigenvn 6onee MHoroobewlaowme KneTkn, kotopbsle HanommHann 3K,
HO B OTNNYME OT HUX ObINK B3ATbI OT HOPMANbHOTO 3MOPUOHA MbILLW, @ HE U3 ONYXONW.
A NO3BOHWN €My 1 CNPOCKA, HACKONBKO AOCTOBEPHA 3Ta MHAOPMaLMs, 1 OH cKasan,
410 abCoNOTHO AOCTOBEPHA. A Cpasy »e CMPOCUI, MOXHO N NpuexaTb K HeMmy B
nabopatopwio, 4To6bl Hay4MTbCA paboTaTb C 3TUMU KNeTKaMu, 1 OH Aan yTeepanTens-
HbIh oTBeT. PoxgecTtso 1985 r. 8 Kembpuaxe 6bino BOCXUTUTENBHBLIM. Mbl C XeHoM,
koTopas paboTaeT BMECTE CO MHOW, MPOBENN NpeKpacHble Napy Hefenb, ndyyas 06-
paLleHve C 3TUMN HEBEPOSATHBIMW KNEeTKaMu 1 Ux UCNONb30BaHWe ANA CO3AaHWA Mbl-
e, cnocobHbIX K Nnepefaye 3apoabILLEBOA NUHUN.

Wccneposarteny o4eHb 4acTo NPEeAB3ATO OLEHUBAKOT PONb U3y4aeMoro UMK reHa
B 6G1ONOrMN MblLLE M NOSTOMY O4eHb YAMBNAOTCH, €CNU WX F'eH HOKAYTUPYIOT (yaans-
0T 13 [HK). TapretrpoBaHue reHoB 3acCTaBuno Hac ABUraTbCA Cpady B HECKOMbKMX
HanpaBneHusaXx, BKNOYas nccneaoBaHne pony MUKPOrnnmM — KNeToK, MUrpypyoLLMX B
MO3r nocne 06pa3oBaHVs B KOCTHOM MO3re Hapsady C UMMYHHBIMU WU KDOBSAHLIMUW KNeT-
Kamn. MyTaums 3TUX KNEeTOoK y MbILLE Bbl3Bana naronoruio, 04eHb HanoOMUHAIOLLYIO
TPUXOTUNOMAaHWIO Y Niofget — 06CeCCMBHO-KOMMYNbCUBHOE PACCTPOMCTBO, KOTOPOE
XapakTepuayeTcs Heyaep>XUMbIM XenaHneM BoipbiBaTh y cebs BONOCHI. YANBUTENEHO,
HO Nepecanka HOpManbHOro KOCTHOro Mogdra Hascerfa n3basnana Mbllel OT 3Toro
naronornyeckoro nosegeHus (Her n ap., 2010 r.). Tenepb Mbl NOAHOCTHIO NOMMOLLEHb!
NONbITKAMM NOHATb, KaKMM 06Pa30M MUKPOMMNA KOHTPONMPYET LUMPKYNALMIO UCXOAS-
LLIMX HEPBHbIX UMNYNbCOB, W, YTO eLLe BaXHee, N3y4eHnemM NNOTHOro B3aMMOOTHOLLE-
HWA UMMYHHOW CUCTEMbI (B A@HHOM CNy4ae MWKPOrNuM) U HEMpPONCUXMAaTPUHECKMX
HapyLLEHWUIA, Taknx Kak Aenpeccus, ayTmam, Wwnsodperns n 6onesHs AnbureimMepa.
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LllepoxoBaTblit 3HAONNA3MATUYECKUA PETUKYNYM

CunTe3upys 6eKu, HEPOHbI MCIOJIb3YIOT MHGOPMAIUIO, 3aJI0KEHHYIO B
re”ax. CHHTe3 NPOTEHHOB IIPOMCXOAUT B INIOTHBIX 1IIaPOOOPA3HBIX CTPYKTYpax
LIMTOIIa3Mbl, Ha3bIBaeMbIX pubocomamu. Tpanckpuntsl uPHK cBaspiBatoTcs ¢
pu6ocoMaMH, ¥ OHM TPAHCJIUPYIOT KOMaH/bI, COAEPKAIMECS B TPAHCKPUNTAX,
Ha cO60pKy 6eNKOBOH MOJEKy/bl. JIpyrumu cjaoBamMu, pu6GOCOMBI HUCIOJb3YIOT
yepTex, npeaocTasasembiit uPHK, n1a npoussoactsa 6eska U3 CTpOUTENbHO-
ro MaTepuaa, MpeACTaBJeHHOrO aMUHOKHCIOTaMH.

Mnorue pu6ocoMbl HeHiPOHOB NPUKPEILIEHDI K CIUTAJKaM MEMOPaHbI, Ha3bl-
Ba€MOIl IIePOXOBaTBIM 3HIOIUIA3MATHIECKUM PETHKYJIYMOM, UM HIEPOXO-
BateiM DP (puc. 2.10). llepoxosaTelit IP B M306MIMHN COAEPAKUTCA B HEHPO-
Hax, ero TaM ropasfio 60Jblie, YeM B INIMU MM GOJIBIIMHCTBE APYrUX KIETOK.
Bb1 yx 3HaKOMBI ¢ mepoxoBaThiM JP, npaBja, BaM OHM U3BECTHBI IO JPYTUM
umeHeM — meavya Huccas. DTa opraHesia OKpaluBaeTCs KpacUTeJIeM, IIpeaJo-
sxeHHbIM Huccaem 6oabie 100 sieT Ha3az.

IlepoxosaTslit AP ABasAETCA MTaBHBIM
MECTOM CHMHTe3a 6€JKOB B HelipOHax, HO
JiaJIeKo He BCe PUOOCOMbI TPUKPEIIEHBI
k IP. Muorue cB060HO IIABAIOT B LIU-
TOIIa3Me — 3TO TaK Ha3bIBa€MbI€ C80000-
Hole pubocoms.. HekoTopnle cBoGOaHBIE
pu6OCOMBI HMMEIOT BUJ OYCHMH Ha HUT-
K€ M Ha3bIBAIOTCA MOJIMPHOOCOMaMH.
Hurbio cayxut oannounas nens uPHK,
arpymnna puéocom paboTaeT Ha HEH, CO3-
JaBasi OHOBPEMEHHO HECKOJIbKO KOMMIA
OJIHOTO U TOTO e 6eJKa.

Tak B ueM xe pasauyue Mexay 6eska-
MU, KOTOpbl€ CUHTE3UPYIOTCS Ha IIepo-
xoBatoM P u B cBOGOAHBIX pUGOCOMaX?
OTBeET 3aBUCUT OT KOHEYHOIO Ha3Haye-
HUs MOJIeKyJbl 6enka. Ecau G6enok moo-
XeH HaXOJUTbCA B IIMTO30JI€ HelipoHa,
to TpaHckpunT uPHK npoxoautr mumo
mepoxosaToro 3P M NpPUTATMBAETCA K
cBOGOAHBIM puGocomaMm (puc. 2.11, a).
A ecnu Gesok NpeAHa3HaYeH JJIst BCTPA-  |llepoxosartbiit 9P PU60COMBI
MBaHHA B 0GOJOUKY 1IETKH WM Opra- Puc. 2.10. WepoxoBaTbiii 3HAONNa3Ma-

HEJUI, OH CUHTE3UPYETCA Ha MIEPOXO-  yyyeckuii peTUKYNYM, UM LWEPOXOBA-
BaToM JP. Ilo mMepe cGOpkU MOJIEKYJBI  Tbiit AP

finepHas
membpaHa
flnepHble
nopil
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6eska OoHa BILIeTaeTcsl B 060y0uKky P, rae u 3actpesaert (puc. 2.11, 6). Heyau-
BUTEJbHO, YTO HEMPOHBI Tak 60raThl epoxoBaThiM JP, BeAb, Kak Mbl YBUAUM
B JaIbHEHIINX [JIaBaX, UMEHHO 0CO6ble MeMOpaHHbIE G€JIKU NPUAAIOT KIETKaM

UX XapaKTepHble 0COGEHHOCTH B 06paboTKe MUH(POPMALIUH.

CeobofiHas
pubocoma

1PHK

TpaHcnsaums

HoBocuHTesu-
POBaHHBbIN
6enok

LLepoxosartiit P /

TpaHcnsaums
MPHK

HOBOCMHTE3MPOBaHHbIN
MemOpaHHbI 6enok

(a) CuHTes 6enka Ha csobonHoO pubocome

(6) CuHTe3 Henka Ha wepoxosatom IP

Puc. 2.11. CvHTe3 6enka Ha cBo6ogHoi puéocome u Ha wepoxosatom JP.
MPHK kpenutcs k pubocome, Ha4mHasa npouecc cuHTesa. (a) benku, cuHTeanpye-
Mble Ha cBO6OAHbLIX pubocomax, npegHasHadeHbl ans uutosons. (6) benku, cuHte-
3upyemble wepoxoBaTbiM IP, AOMKHbI 6bITb OKPYXEHbLI 060N0UKON UK BCTPOEHSI
B Hee. benku, accounmpoBaHHble ¢ 060N04KOK, BNIETAIOTCA B HEE NO Mepe cO0pKn
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naakui aHponna3MaTM4eckuin peTukynym u annapart lfonbaxu

OcTaBmascsa 4yacTb IUTO30J1s Tejla HEMPOHa 3aI0JIHEHA MMaYKaMu MeMGpan-
HBIX OpTaHe/UI, KOTOpble OYE€Hb HAIOMUHAIOT IIEPOXOBATHII SHAOIIa3MaTHYE-
CKUH PETUKYJIYM, TOJbKO 6€3 pu6ocoM. OHM HACTOJBLKO MOXOXHU HA HETO, UTO
Ha3bIBAIOTCS IJIaIKUM 3H/I0IIAa3MAaTHIe CKMM PeTHKYJIYMOM, 1K riraakum JP.
Inraaxuii 9P — reTeporeHHsli 10 CBOEH CTPYKTYpE U BBINOJIHAET pa3Hble (PyHK-
LMY B 3aBUCUMOCTH OT MecTa HaxoxaeHus. Muoraa maaxuii 9P apiasercsa npo-
JosxeHreM mepoxosatoro JP. CunuraeTcs, YTO OH CIYKUT MECTOM, TJe 6eKH,
BBICTyMaloue U3 060JOYKH, aKKYPaTHO CIUIaJbIBAIOTCS, IPUHUMAsA XapaKTep-
HbIl TpexMepHbIi BuA. Jpyrue Buibl maakoro P He NPpUHUMAIOT HEMOCPeX-
CTBEHHOTO y4aCTUsi B O6Pa30BaHUU GEJIKOB, 3aTO PETYJUPYIOT BHYTPEHHIOI
KOHIIEHTPAIUIO BELIECTB, TAKUX KaK KaJblUi. (JTa opraHesga 0co60 BaXXxHa B
MBIIIEYHBIX KIETKAX, IJle OHA HA3bIBAETCH CAPKONAASMAMUNECKUM DEMUKYLYMOM
(ceTn10).)

CTONKM OKPY>XE€HHBIX MEMGPaHO! AMCKOB, PACIIONIOXEHHBIX Ha CaMO repu-
(pepun Tesia HelipoHa, Ha3bIBAIOTCSA aNMapaToM (KomiutekcoM) Fonbaxm, onu-
canHbIM Brepsble B 1989 r. yuensim Kamuuto Tonbmxu (puc. 2.12). 3to mecTo
OGUIMPHOH “IIOCTTPAaHCAALIMOHHON” XUMHYecKoi 06pa6oTku 6eynkoB. OxHOMI
U3 BaXXHbIX PyHKUUI KOoMILIeKca [OIbAXM CUUTAIOT COPTUPOBKY 6€JIKOB, KOTO-
pbl€ AOJXHDBI ObITh AOCTABJIEHDBI K JPYTMM YacTAM HEHPOHa, TAKUM KaK aKCOH
WU I€HAPUTHI.

Lepoxosatbiii OP  HoBoCKHTE3MpOBaHHbIA  Komnneke
6enok Fonbmxu

Puc. 2.12. Annapat Fonbgxu. CnoxHan opraHenna, COpTUPYIOLLAA TOMbKO HTO
CUHTE3VpOBaHHbIE 6ENKKN, KOTOPbIM NPEACTOUT A0CTaBKa K ApyruM 0b6nacTsam Hei-
poHa
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HapyxHas
membpaHa

BHyTpeHHsas
membpaHa

Kpuctbl

Matpuke

(a)

MposuHOrpagHas
Kucnota
K MuLLEeBblE
Benku | W HAKOMMEHHbIE
Yrnesombl [ VCTOMHMKA
Kunpei aHeprumn

(6)

Puc. 2.13. Ponb mutoxoHapui. (a) Kowm-
NOHEHTbI MUTOXOHAPUW. (6) KneTouHoe Abl-
xaHue. AT® nNpou3BOAUT 3HEPreTUHECKYIo
BaNOTY, NOAAEPXUBAOLLYIOD 6UOXUMUHe-
CKWe peakuum HeipoHa

MuTtoxoHapuu

Eme oaun Buj opraHemn B Teje
HellpoHa — MWTOXOHApHUM. B Heiipo-
Hax 3THU MNaIOYKOOOpa3HbIE CTPYKTY-
pb1 pocturaoT AmuHbl 1 Mm. Tlox mnx
HapYy>XHOIl 060JIOUYKOI pacIoJIOKEHbI
MHOJX€CTBEHHbIE CKIaJIKi BHYTPEHHeMH
060JIOUKM, Ha3bIBAEMbIE  KPUCIAMU.
Mexay KpUCT pacloJOkKEHO BHYTPEH-
HEE MPOCTPAHCTBO, HA3bIBAEMOE M-
mpuxcom (puc. 2.13, a).

MUTOXOHAPUU CIyXAT MECTOM ¥KAe-
mounozo Ovixanus (puc. 2.13, 6). “Bapr-
Xas”, MUTOXOHJpUS BTATUBaeT B ce6s
NUPOBUHOTPAJHYI0 KHCJIOTYy (Iosyda-
€MyI0O M3 caxapoB M IpH pacnaje 6e-
KOB U XXHPOB) U KHCJIOPOJ, KOTOpbIe
CBOOOAHO IUIaBalOT B ILKTO301€. BoO
BHYTPEHHEM IIPOCTPAHCTBE MHUTOXOH-
JpUH IMPOBUHOTPafHast KUCJIOTA BCTY-
[MaeT B CJOXHBII Kackaf GUOXHUMHYe-
CKMX peaKIMii, Ha3bIBAaEMbIH YUKIOM
Kpebca B yecTh HEMELKO-OPUTAHCKOTO
y4yenoro I'anca Kpe6ca, Bnepsrie npea-
soxusiero ero B 1937 r. LHurxn Kpe6-
Ca CO3/[a€T dHEPTUIO, KOTOpas B XOAe
CepUHU APYrMX peakluil BHYTPU KPHUCT
(3Ta mocyeA0BaTENILHOCTh PEAKIMIA Ha-
3bIBAIOTCA  IAeKMPOHHO-MPAHCNOPMHOTU
Uenvi0) BBI3bIBAET AOGABJIEHHE AOIOJI-
HUTENbHOTO ocdhaTHOrO OCTaTKa K
MouJiekye ageHosuHaudocdara (AAD)
c o6pa3oBaHueM afieHO3UHTpHUOCha-
Ta (AT®) — ncrouyHnka 3HepruM s
KIeTKU. “BblAbIXas”, MUTOXOHAPUS BbI-
nensiet no 17 monekyn AT® Ha kaxayo
MIOIJIOIIEHHYIO MOJIEKYJIYy IHPOBUHO-
TPaiHOM KMCJIOTBI.

ATD - suepeemuneckasn saoma xaiem-
xu. XMMHYeCKas SHEeprus, coJepiKauia-
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aca B AT®, nutaeT 60JbIIMHCTBO GMOXMMUYECKUX peakiuil Helipona. Hanpu-
Mep, B IJIaBe 3 Mbl Y3HaeM, YTO 0coOble GeJIKM 060J0UYKH HEIIpOHa MCIIOIb3YIOT
3Hepruio, noaydennyio npu pacnajge AT® no AP, nis nepexayky HEKOTOPBIX
BEIECTB Yepe3 060JI0UKY C LIeJIbIO CO3laHUs IPaJUEHTa KOHIIEHTPALMA 110 pa3-
HblE CTOPOHBI 060JI0YKH HEHPOHA.

O6ono4yka HepoHa

OGon09ka HeiipoHa CIyXUT CBO€OGPA3HBIM 6apbepOM, OKPYXKAIOUIUM IIH-
TOIIa3My HEHpOHa M Nperpax/jaioluM IyTh HEKOTOPbIM BELIECTBaM, pacTBO-
PEHHBIM B XH/JIKOCTHU, OMbIBaloLlei HelpoH cHapyxH. O60104Ka UMEET TOJIIIH-
Hy OKOJIO 5 HM 1 TpoHu3aHa GeJIKOBbIMU MoJIeKyTaMu. Kak ymoMuHanoch pasee,
OZIHM MeMGpaHHbIe GeJIKH MePEeKauYrBaAIOT BEUIeCTBA U3HYTPH HAPYXY, Apyrue
06pa3yioT NOpbI, PEryJIHpYIOINe NPOHULAEMOCTb OO0JIOUKH ISl ONpEAeIeH-
HbIX BemecTB. OJHO U3 BaXXHbIX CBOMCTB HEMPOHA COCTOUT B TOM, YTO GeJjiko-
BBII COCTaB 0GOJIOYKH pa3jMyeH B Pa3HbIX MECTAX PAaCIOJIOXEHUS — Ha TeJe,
aKCOHe WJIN ICHAPUTAX.

Henvan nowams @ynxyuu neliponos, ne nonas GyHKuuu u cmpykmypy e2o 06010uxu
U CBA3AMHBLX ¢ Hell beaxos. DTa TeMa HACTOJBKO BaXKHa, UTO Mbl YAEIUM € 3Ha-
YUTEJbHYIO YaCTh CJIEAYIOIUX YEThIPEX INIaB, B KOTOPbIX PACCMOTPHUM, KaKuM
06pa3oM 060J10YKa Haie €T HEHPOHBI CTOJIb IPUMeYaTebHON CIOCOGHOCTHIO
IPOBOJAUTD 3JIEKTPUYECKHE CUTHAIBI Yepe3 MO3T U TeJIO.

LuTtockener

Panee Mb1 cpaBHMBaIM 060JIOYKY HEHPOHA C IIMPKOBBIM IIATPOM, HaTSHY-
ThIM Ha BHYTPEHHEM KapKace. ITOT KapKacC Ha3bIBAETCS YUMOCKeAemoM U TIPHUJA-
€T HeHpOHY ero XxapakTepHblit BHemHui BuA. “KocTaMu” nurockesnera ciyxar
MMKPOTPYOOYKH, MUKPOUIAMEHTBI U HeltpodunaMenTs! (puc. 2.14). OxHako
B OTJIMYME OT KapKaca IIaTpa, LUTOCKEJeT HeHpOHa He CTaTU4YEeH. DJIEMEHTBI
IIUTOCKEJIeTa JUHAMUYECKH PETYJIUPYIOTCS U NPe6bIBAIOT B IIOCTOSHHOM JBU-
XeHHU. MoxeTe He COMHEBAThCSA, UTO, IOKA Bbl UYUTAETE 3TO NpEAJOKEHHE,
HeHpOHBI B BallleM MO3Te aKTUBHO U3BUBAIOTCS.

MukpoTpy604Ku

MuKpOTPYGOYKM — OTHOCHTEJLHO KPYIHbIE 3JIEMEHTBI, PacCIIOJIOXKEHbI
BJI0JIb OTPOCTKOB HEMPOHA U COCTABIAIOT B AameTpe 10 20 HM. MukpoTpy60u-
Ka BBIIIAJUT KaK NpsMast TOJCTOCTEHHas oJj1as Tpy6ka. CTeHKa TpyOKH COCTO-
UT U3 MEJIKMX HUTEH, Neperuie TEHHBIX, OJOGHO KaHa Ty, BOKPYT MOJIOTO LIEHTpa.
Kaxjas Takas Mejkas HUTb COCTOUT U3 6eka mybyiura. OAMHOYHAS MOJIEKY-
Ja TyOy/JMHA Majla U Iapoo6pa3Ha. BepeTeHo cocTOUT U3 rpynmbl TyGYyJIMHOB,
“HaHN3aHHBIX” NI0JJOGHO GycaM Ha LIeHTpaIbHYIO HUTD. [Iponecc o6beanHeHN S
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Monekyna
TyGynuHa

Heitpopunament Mukpodunament

Puc. 2.14. KOMNOHeHTbl uuTOCKenera.
Kom6uHauua mMukpoTpy6o4dek, Hevipodu-
NaMeHTOB M MWKpO(hUNameHToB npuaaet
HepOHY ero xapakTepHyro ¢opmy

MeJKUX GEJIKOB C LEeJbl0 06pa3soBaHUsA
JJIMHHBIX BOJIOKOH Ha3bIBa€TCA NOAU-
Mepusayueii, a TIOJydeHHOE B XoJ€e IO-
JIMMEPU3ALMN BOJIOKHO — NOAUMEPOM.
IMorumepusanusa U AenoIMMepU3aLUs
MHUKPOTPY6OUYE€K U, CJIENOBATEIbHO,
¢opma HelipoHa peryJupyroTca pas-
JIMYHBIMU CUTHAIAMU BHYTPH HelipoHa.
OaHuM M3 KJIACCOB TPOTEUHOB,
NPUHUMAIOIIUX YYacTHe B PETyIALUU
c60pku 1 PYHKIMOHUPOBAHUS MUKPO-
TpyOOYeK, SABIAIOTCA 0eAKlU, GCCOUUU-
posannvie ¢ muxpompyoouxamu (BAM).
K ux dynknuam (MHOrue U3 KOTOPbIX
IIOKa HEWU3BECTHBI) OTHOCHAT IPHKpe-
IJIEHHEe MUKPOTPY6OYeK APYT K APYry U
K IPOYMM YacTAM HelipoHa. [laTonoru-
yeckue usmeHenuss bBAM akcoHoB, Ha-
3bIBAEMBIX may-OeKaMu, ObLIU 3aMeye-
HBI TIpU AEMEHIIN Y, CONIPOBOX Ao el
6osie3Hb AsblreiiMepa (Bpeska 2.4).

MukpoctunameHTbl

Tonmuua MMKpodgwIaMeHTOB Ipu-
6JIM3UTEILHO paBHA TOJIIMHE 060JI0Y-
KM HeHpOHa M NPHUMEPHO COCTaBJISET
5 amM. MuxpoduiaMeHTbl pacroyioxe-
HbI BO BCEX YACTAX HEHPOHa, HO GoJible
BCETO UX B HelipuTax. Mukpoduiamen-
ThbI BBINIAAAT KaK BEPETEHO U3 BYX TOH-
KUX HUTEH, ABJISIOMUXCSA MOJIUMEPaMU
6enka axmuna. AKTUH — OJIMH U3 CaAMbIX

PacCIpOCTPaHEHHBIX G€JIKOB BO BCEX TUIAX KIETOK, BIUNIOYas HelipoHbl. Cunraer-
€41, UTO OH NMPUHUMAET yYacTue B u3aMeHeHuu popmbl kretku. Ha camom nene ax-
THHOBBIE BOJIOKHA KPUTHYECKU BaXKHbI B MEXaHM3Me MBIIIEYHBIX COKPAICHHUI.

ITono6HO MHUKpPOTpPY6OYKaM, aKTMHOBble MUKPO(MUIAMEHTbl HAaXOAATCA B
HENpPEPBIBHOM Ipoliecce CGOPKU U pa3boOpKU, MOAYMHAACh CUTHAIAM BHYTPU
HeltpoHa. [Togo6HO MUKPOTPY6OYKaM, MUKPO(]UIaMEHThI TPOXOAAT BAOJb OT-
POCTKOB HeHpOHA U TECHO CBA3aHbI C 000J04KOi. OHU KpensaTcsa K 060104Ke
6J1arofiaps CBA35M C CETbIO BOJIOKHHMCTBIX GEJIKOB, BLICTUJIAIONIUX BHYTPEHHIOO
MIOBEPXHOCTb 060I0YKH, TIOJOGHO MayTHHE.
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HedpochunameHnTbl

JuameTp HelipodmraMeHTOB cocTaBiaseT 10 HM, T.€. MO pa3aMepy OHU 3aHU-
MaloT MPOMEXYTOUYHOE MECTO MEXAY MUKPOTPYGOUKaMU U MUKPO(UIaMEHTa-
Mu. Bo Bcex Apyrux TKaHAX Teja HelpoduiaMeHTbl GUTYPUPYIOT KaK npomexcy-
MOUKBLe HUMU U JIMIIb B HEHIPOHAX HA3bIBAIOTCA Helpoduramenmamu. Pasuuna B
Ha3BaHMAX OTpaXkaeT Pa3aMuusA B CTpykType. Hanpumep, xepamunossie mpome-
)KYyTOYHbIE HUTHU IIPU TIEPETLIETEHUH OOPa3yIOT BOJOCHI.

B oTinune OT APyruxX pacCMOTPEHHBIX HAMU BOJIOKHUCTBIX CTPYKTYp HeHpo-
¢prraMeHThl HAIOMUHAIOT KOCTH U CBA3KHU cKesieta. HeltipoduaamenT coctout
U3 MHOXECTBA CyObeAMHUI] (CTPYKTYPHBIX GJIOKOB), CIUIETEHHBIX Hamojobue
BepeBku. Kaxoe BOJIOKHO BepEBKU COCTOUT U3 OJUHOYHOM ATMHHON MOJIEKY-
JbI 6eJIKa, UYTO NMpHUAAET HellpoduiaMeHTaM OTPOMHYI0 MEXaHMUYECKYIO NpOoY-
HOCTb.

AKCOH

Mb1 yxe pacCMOTpPEJIM T€JI0, OPraHe UIbl,
060JI0YKY ¥ IUTOCKEJIET. DTHU CTPYKTYPbI HE
YHUKIbHBI VI HEHPOHOB, OHH CBOMCTBEH-
Hbl BCEM KJIE€TKaM Hamero rteJja. Ilpumio
BpeMs U3y4UTb aKCOH — CTPYKTYpY, CBOH-
CTBEHHYIO HCKJIIOYHTEIbHO HEHpOHaM W
CHEeUAIM3UPYIOUIyIocss B HEPBHOM cHCTe-
Me Ha nepejaye MHGOPMaAIUU Ha GOJIbIINE
PacCTOSHUSL.

AkcoH 6epeT cBOe Hayajlo U3 06JACTH,
Ha3bIBAEMOW aKCOHHBIM GYTOPKOM — Bbl-
NUPAIOIEro U3 TejJa HeHpoHa cerMeHTa
(puc. 2.15). /IBe 4epThl OTVIMYAIOT AKCOH OT
TeJa.

Byropok akcoHa

\.y
1. AKCcoH He COIEpPXUT LIEPOXOBATOrO

3P, 1 B HEM pacIOJI0KEHO OYEHb He-
60.1b1I0€ KOJMYECTBO CBOGOAHBIX PH- |
60coM, KOTOpbl€, BOpOYEM, MOTYT U gsgg:;epa““ \N
BOBCE OTCYTCTBOBATb. \

2. O60JI0YKa aKCOHA KAapAMHAIBHO OT- Puc. 2.15. AKCOH M €ro Konnarepa-
JIMYaeTca OT OGOJIOUKM Teja 1o 6es- JM. AKCOH, Noao6HO TenerpadHomy
KOBOMY COCTaBY. kabeno, nepeaaer 3neKTpUHecKUe

UMNyNbCbl B yAaneHHsle MecTa Heps-

CrpykTypHble pasanyus oGyCJIOBIMBAIOT  Hoii cucTeMbl. CTpenku yKasbiBaioT

¢yHKIMOHAIBHBIE. H3-32 OTCyTCTBUS pUGO- HanpaeneHve nepeaas MHgopmaLmm
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COM B aKCOHE HE IIPOMCXOJUT CUHTE3 6ejika. TO 03HAYAET, UTO BCE GEJIKU aK-
COHa JIOJDKHBI IPOM3BOAUTLCH B Teje. A pa3judHble GeJKH 060JI0YKU aKCOHA
MO3BOJIAIOT €My CJIY>)KUTh B Ka4eCTBe ITPOBOJA, IO KOTOpOMY MHGOpMaIus Ie-
pesaeTcs Ha 60OJIbIIME PACCTOSHUS.

Jl11MHa akCOHA 3HAYNTEIbHO BAPBUPYET — OHA MOXET GbITh MEHbIIE MUJLIU-
MeTpa U 60Jibllle MeTpa. AKCOHBI YaCTO Pa3BeTBJSAIOTCS, U 3TH BETBU, Ha3bIBae-
Mbl€ KOJIJIaATEPaISAMH aKCOHA, MOTYT IIPOTATUBATBCS HA GOJIBIINE PACCTOSHHUA,
CBA3BIBAACH C PA3JMYHBIMU YaCTAMU HEPBHOM cucTembl. IHOTAA KOLIaTEpatb
aKCOHa BO3Bpall[a€TCsl, CBA3BIBASACH C TOM € KIETKOH, OT KOTOPOil OTXOAMT aK-
COH, WJIM C IEHAPUTAMU COCEHUX KIeTOK. Takue OTBeTBJIEHHS aKCOHA Ha3bIBa-
IOT 038 PaAMHBLMU KOAAMEPAIAMU.

JluaMeTp aKCOHA TaKxe HEIIOCTOSIHEH, HAIIPUMED Y YeJIOBEKa OH BapbUPYeT
oT MeHee 1 MkM 10 25 MkM, a y kanbMmapa — 10 1 mM. Takoe pazHoo6pa3ue pas-
MepOB aKCOHOB O4YeHb BakHO. Kak BbI y3HaeTe U3 IIaBbl 4, CKOPOCTb Hepenozo
UMNYACA (JIEKTPUUECKOTO CUTHAIA, IIEPeJaBa€MOro aKCOHOM), 3aBUCHUT OT AU~
aMeTpa akcoHa. YeM GoJblle AUAMETP, T€M ObICTPEE ITPOXOAUT UMIYJIbC.

TepmuHanb aKcoHa

Bce akcoHBl MMEIOT CBO€ HayaJo (aKCOHHBbIH GYropok), cepeiauny (co6-
CTBEHHO aKCOH) U KoHell. KoHell akcoHa Ha3bIBAETCA TEPMMHAIBIO, LU Tep-
MHHUIbHOM Gasimkoii (0T dp. bouton), 4TO OTpaxkaeT TOT PaKT, YTO OH OGBIY-
HO BBINIAAMT KaK PacIMpEeHHbIH auck (puc. 2.16). Tepmunans — ato MecTo,
rje aKCOH KOHTaKTUPYeT C JPYrMMM HeHpoHaMM (MJIU APYTMMHU KIETKaMu),
nepejgasas UM MHGOPMAIUIO. ITa TOYKA KOHTAKTa HA3bIBAETCS CHHAIICOM.
CrnoBo “cuHanc” NpUILIO U3 IPEYECKOro fA3bIKa, IJe OHO O3HAauYalo “CBA3aH-
Hble BOeMHO". FIHOTIa aKCOH MMEEeT HECKOJbKO OTBETBJIECHMII Ha CBOEM KOH-
1€, BCE 3TH BETBU 06Pa3yIOT CUHATIICHI C ACHAPUTAMH UJIM T€JIaMU HEHPOHOB B
OJIHOM U TOH xe 06sacTH. Bce BMecTe 3TH BETBH HOCAT Ha3BaHUE TEPMMHAb-
HOM KPOHBI akcoHa. MHOraa akcoHnl 06pa3ylOT CMHAIChl B PaCHIMPEHHBIX
06J1acTAX, PACHOJOXKEHHDbIX Ha BCEll UX JIMHeE, a 3aTeM MPOAOJKAIOTCH, 3a-
KaH4YMBasACh B IPYTUX 30HAX HEPBHOM cucTeMbl (puc. 2.17). 3TH pacmupenus
Ha3bIBAIOTCA NONyMHbMU 6AsuKamu. Bo Bcex crydasax, Korja HeHpOH CBA3aH
CUHAIICOM C APYroil KIETKOH, FOBOPAT, UTO OH uHHepsupyem 3Ty KIETKY, UJIH
OTBEYAET 32 €€ HHHEPBALMIO.

[{uTonyia3mMa akCOHHON TEpPMUHaIU MMEET HECKOJbKO OTIMYUI OT LUTO-
IIa3Mbl aKCOHA.

1. MukpoTpy60YKH HE JOXOAAT A0 TEPMUHAIM.

2. TepMuHaIM coAEpXKaT OrPOMHOE KOJUYECTBO OKPYKEHHBIX 06O0JIOUKOIT
Ny3bIPbKOB, KOTOpbIE Ha3bIBAIOTCH CHMHANTHIECKHMM Ny3bIPbKaMH U
umeloT 50 HM B AMaMeTpe.
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3. BuyTpeHHul cj0if 060JOYKH CHHAICA MMEET 0CO6O0 IUIOTHOE GeIKOBOE
HIOKPBITHE.

4. lluTommasmMa TepMUHAJIU aKCOHA GoraTa MUTOXOHAPUAMU. ITO yKa3blBa-
€T Ha TO, YTO OHa NIOTPEGIAET MHOTO 3JIEKTPO3HEPTUU.

[pecvHanTuyeckas
TepMUHanb akcoHa

MwuToxoHapuu
CuHanc

CvHanTuyeckne
ny3bIPbKM

o Wi
MocreuHanTuaeckii eHaP
CuHanTuyeckas

Lwenb
Peuentopsl

Puc. 2.16. TepmuHanb akCoHa U cuHanc. TepMnMHanu akcoHa o6pasyoT CcUHanCchbl ¢
OeHapUTamm Unu Tenamy apyrx HepoHoB. Koraa HepBHbIM MMNYNbC AOCTUraeT npe-
CUHaNTU4YECKOM TEPMUHANN aKCOHa, U3 CUHANTUHECKUX NYy3bIPbKOB B CUHANTUHECKYHO
Lenb BbIAENAOTCA MONEKY bl HeipoMeaMaTopoB. 3aTeM HepomMeauaTopbl CBA3bIBa-
10TCA CO cneundunyeckMmMmn peuenTopHbIMU 6enkamMn NOCTCUHANTUHECKOA KNETKK, Y4TO
NO3BOMAET CreHepupoBaThb B HEll ANEKTPUHECKNE UNN XUMUYECKUE CUrHasbl

Puc. 2.17. TMonytHaa 6nswkKa. AKCOH
(xenTbin) obpa3yeT ¢ AeHAPUTOM (CUHWIA)
CuHanc B mMecTe ux nepeceyeHns. CuHanc
BOCCO3aH W3 CEpuUM SNEKTPOHHLIX MW-
kpocpoTorpachuin. (U3obpaxeHne npeno-
ctasunn Dr. Sebastian Seung, Princeton
University, and Kris Krug, Pop Tech)
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310 NHTEepecHo

bone3Hb AAbLreMmepa U LUTOCKEAET HEMpPOoHa

HelpuTbl — caMble NpuMeYaTtenbHble CTPYKTYPHble OCOBEHHOCTW HerpoHa. VX
CNOXXHOE BETBALLEECs CTPOEHWNE, KPUTUHECKM BaKHOE Ans 06paboTkn nHdopmMaumm,
OTpaXaeT CTPYKTYpY uuTocKeneta HelpoHa. [103TOMy MOXXHO NPEAnonoXuTb, HTO
Cepbe3Hoe HapylleHe YHKUUA Mo3ra MOXeT OblTb BbI3BAHO paspyLUEHVeM UMTo-
cKeneta HenMpoHoB. Hanpumep, 6onedHb AnbureiMepa xapakTepuayeTca paspbisoM
umTOCKeneTa HeMPOHOB KOPbI FONOBHOrO MO3ra — 06nacTu, KoTopas KpanHe Ba)kHa
ANA KOTHUTUBHBIX (OyHKUMA. 3TO 3abonesaHve 1 nexailas B ero OCHOBE Naronorvs
Mo3ra 6binv Bnepsble onncaHsl B 1907 r. Hemeukum Bpadom A. AnbureriMepom B pa-
60Te nog HassaHweM “CTpaHHas 60ne3Hb Kopbl Mo3ra”. Hwke npuBefeHbl OTPbIBKY
13 370 paboTbl.

OQHUM 13 NEPBbIX CUMNTOMOB 60Ne3HN y 51-NeTHEN XEHLLMHbLI BbIN0 CUNBHOE
4yBCTBO PEBHOCTU K ee MyxXy. Bckope y Hee npossunoce 6bICTPO HapacTato-
Lee yxyALleHve NamaTv: oHa He MOrna HaiTu JOopory AOMOW, Nepeknagsisana
BELLM C MECTa Ha MecCTo, NpsaTanach, a UHoraa, Koraa Aymana, YTo Nioan XoTaTt
ee ybuTb, Ha4YMHana rpoMKO Kpuyare.

[1BWKEHWA NaUMeHTKN CBMAETENLCTBOBANM O ee NonHol 6ecnoMolHocTn. OHa
6bina fe30pueHTMpOBaHa BO BPEMEHW W NpOCTpaHCcTBe. Bpems OT BpeMeHu
OHa 3asBNANa, 4TO HUYErO HE NOHUMAET, YTO 3anyTanack U COBEPLUEHHO NoTe-
panace. Mopolt oHa BocnpuHMMana BU3UT Bpaya kak odvumanbHbiil NpyeM u
M3BMHANACK, YTO He ycnena 3akoH4vTb paboTy, a UHOM pa3d HavnHana Kpuyarb,
NOTOMY 4TO AymMana, 4To AOKTOP NpULLIEN ee ONepupoBaTb. bbiBanu cnyyaw, Kor-
[a OHa BO3MYLLIEHHO BbINPOBaXKMBaNa NpuLLIEALLIEro Bpaya, 0OBUHASA ero B TOM,
YTO OH XOYeT Hagpyratbcs Haf Hew. MNopoi B 6pefly oHa Tackana ¢ MecTa Ha
MEeCTO ofiesina v NPOCTLIHK, 3Bana My>a 1 Lo4b 1, NOXOXE, NCMbITbIBaNa Cnyxo-
Bble rannioyuHaumn. OHa Morna Yacamu KpuyaTb y>KaCHbIM FONOCOM.
Mcuxnyeckas perpeccus ctabunbHo HapacTana. Yepes YeTbipe C NONOBUHON
roga 6one3Hn nauneHTka ymepna. lNoa KoHew oHa Bnana B NONHENLWYI0 anaTuio
1 NOCTORHHO Nexana B nocTenu B no3e ambpwuona (Bick et al.,, 1987, pp. 1-2).

Mocne ee cMepTv ANbUreiMep U3ysmn MO3r XXeHLLHbI NOA MUKPOCKONOM U OTMe-
TN M3MEHEHUS “HerpodMOPUNN" — 3NEeMEHTOB LMTOCKeneTa, KOTopble OKpaLumBan
pacTBopoM cepebpa.

Okpacka cepebpom no brnbLLOBCKOMY Noka3ana BeCbMa XapakTepHble u3Me-
HeHus B Helipocbnbpunnax. B HopManbHOM Ha NepBbIN B3rNsag knetke 0aHo nnu
HECKONbKO OTAENbHbLIX BONOKOH OTAMYaNUCh TONLMHOM 1 OKpackon. Ha 6onee
no3fdHern CTaamn aHanornyHble N3MEHeHWs NpeTepnesano 3Ha4YNTENbHOE KONn-
4eCTBO pPacnonOXeHHbIX napannensHo onbpunn. OHWM 06pa3oBbIBaNy Ny4YKn n
NOCTENEHHO NPOABUrannChb K MOBEPXHOCTN KNETKWN. B KOHUE KOHLOB RAPO U Un-
Tonnasama nucyesanu, U LWL 3anyTaHHbINn Ny4oK dnbpunn ykassiBan Ha MecTo,
rae koraa-To 6bin HENPOH.

Mockonbky 3T MBPUNNLI OKPALLMBAIOTCA KPACUTENAMW, HEe AECTBYIOLLMMU
Ha HopManbHble dnbpuNnbl, 04EBUAHO, MEET MECTO XMMMYECKan TpaHCcdop-
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Mauma Bewlectsa hmbpunn. B 3TOM MOXET KpbITbCA NpU4MHa TOro, NoYemy
hrbpunnbl NEpexmBaloT CMepTb KNeTKW. Moxoxe, 4To TpaHcdopMaums unb-
pvNn NPOUCXOANT NapanfnenbHO C HAaKOMNEHWEM NOKa He M3Y4eHHOro naTosno-
rM4ecKoro Npoaykta metabonunama HeipoHa. lNoaobHble NnoBpexaeHsa Habnmo-
patotca npubnnantensHo B 25-30% BCEX HEMPOHOB KOPbI MOMOBHOMO MO3ra.
MHOro4McneHHble HEMPOHbI, 0COBEHHO B BEPXHWX CMOAX KOPbI, COBEPLUEHHO
ncyesator (Bick et al., 1987, pp. 2-3).

TAXeCTb Te4eHus AemMeHUnn Npy 6ones3Hn AnbLreiMepa YeTKO KOppenvpyeT C Ko-
NNYECTBOM W PACNPOCTPaHEHHOCTLIO 06Pa30BaHWIA, N3BECTHLIX CErOAHS Kak Herpo-
pubpunnsapHele Kybku — “HaArpobmsa” MEpPTBLIX U YMUPAIOLLMX HEAPOHOB (puc. A).
Ckopee Bcero, o6pa3oBaHve knyokoB B KOpPe rONOBHOMO MO3ra, BeCbMa BEPOATHO,
BbI30BET CMMNTOMbI 3abonesaHusi, kak v npegnonaran Ansureimep. C noMoulbto
3NEKTPOHHON MWUKPOCKOMWM yOanoCh YCTAHOBUTb, YTO MMaBHbIM KOMMOHEHTOM Kny6-
KOB ABNAIOTCA NapHble crmpasbHble ouiameHTsl — ANVHHbIE BONOKHUCTbIE Benki,
nepenneTeHHble BMecTe Hanopotue sepeBkn (puc. b). CeroaHs n3BeCcTHO, H4TO 3Tn
hmnameHTbl COCTOAT U3 Tay-6es1ka, acCoLUMMPOBAHHOMO C MUKPOTPYB0o4KaM.

@ 0 ()

Puc. A. HeipoHbl B MO3re yenoseka ¢ 6onesHbto Anburerivepa. HopmanbHbie HepOHbI
copaepxar HeripodrnaMeHTbl, HO He coaepXat HepounbpunnapHbie knybku. (a) TkaHb
MO3ra, OKpalleHHas No MeToAy, KOTOpbIA Bbi3bIBAET 3eNeHOe cBeYeHne Henpoduna-
MEHTOB HEMpPOHOB, NOKa3bIBas, TaknuM 06pa3oM, XuBble HEMpOHbI. (6) Ta xe obnacTb
MO3ra, OKpalLEHHas C Lenbio AeMOHCTpauuy Tay-6enka B HempounbpunnapHbIX Kny6-
Kax, KOTOpble NPOABNAOTCA KPacHbIM cBEYeHWeM. (B) BaaumHoe HanoxeHune usobpa-
XEHW a 1 6. Yrnosas CTPesKn yKasbiBAET Ha HEWPOH, CoAepXaLLuii HepodunameH-
Tbl U HE coAepXaLmi Knybku; aTOT HEMPOH 300poB. bonbluan cTpenka ykasbiBaeT Ha
HENpOH, codepxxaLumin HepodunameHTbl U NPOSBNAIOLLMIA CBUAETENLCTBA HAKONNEHUA
Tay-6enka; cneposaTenbHO, OH NopaxeH. ManeHbkan cTpernka ykassisaeT Ha MepTBbIN
HENpOH, KOTOpbIA HE COAepXWT HerpodunamenTos. OcTaslumiica KnyboK sBnseTcs
Haarpo6HLIM KAMHEM Ha Moruse HerpoHa, youToro 6onesHsto AnbyreviMepa. (M3obpa-
»eHuna npegocTasun Dr. John Morrison, moauduumposatbl U3 Vickers et al., 1994)
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B HopmMe Tay-6enkn dhyHKUMOHNPYIOT Kak MOCTUKM, 06beAMHSAOLLIME MUKPOTPYBOY-
KW B akCoHax, NoaaepXvean nx NpaMoe 1 napannensHoe Apyr Apyry HanpasneHuve.
Mpu 6onesHn Anblrermepa Tay-6enok OTKpennaeTcs 0T MUKPOTPYBOYEK 1 Hakannw-
BaeTCA B Tene kneTkn. Pa3pbiB uMTOCKeneTa Bbi3biBAET OCnabneHne akcoHa, YTo Bm-
f€T Ha HOpManbHYO NepeaaYy MHoOpPMaLUMM B NOPaXKEHHOM aKCOHE.

4T0 e BbI3bIBAET TakMe N3MeHeHus Tay-6enka? YdeHole obpatnnm BHUMaHe Ha
apyrov 6enok, Hakannveaemslii Npu 6onesHn Anbureimepa, amusions. Viccnenosa-
HWa 6one3Hn AnbureimMepa NPoaABUralTCa O4eHb BbICTPO, HO A0 CUX NMOP HET eAMHOrO
MHEHWA O TOM, ABNAETCA N1 aMMnona NepBsbIM LaroMm B npouecce, BeayLleM K obpa-
30BaHNI0 HEMPONOPUNNAPHBLIX KNYOKOB N AeMEHUMW. Ha TekyLniA MOMEHT MeTOofbI
NeYeHns COCPEAOTOEHbI BOKPYr CTPaTernii Mo CHWKEHWIO HAKOMNEHWA ammnonaa B
Moa3ry. MoTpebHoCTb 3hheKTUBHOrO MeTOAa NeYeHNs KpanHe Bbicoka: Tonbko B CLLA
3TUM Tparnecknm 3abonesaHnem 6oneeT CBbILLE MATU MUNMMOHOB YEeNOBEK.

Puc. b. MapHble cnupanbHble hunameHTbl KNyokos. (McrodHmk: Goedert, 1996, Fig. 2b)

Cunanc

ITepenaye nadopmMauuu OT OZHOrO HEMpOHA APYroMy B CHHAICE MOCBsAIIe-
HBI JIaBBI 5 1 6, OZTHAKO 3/€Ch MBI PACCMOTPHUM 3TOT IPOLIECC B KPAaTKOM BHUJE.
Y cuHanca AB€ CTOPOHBI — RMPECUHANMUUECKAR U NOCTMCUHANMUUECKAL (CM.
puc. 2.16). 3T Ha3BaHUSA ONpPEAEJAIOT HANpaBJIeHUE NMPOXOxAeHUs nHGOpP-
Manuu ot “npe” k “noct”. [IpecuHanTuyeckas CTOpoHa OOGbIYHO IIPEACTaBIeHA
TEPMUHAJIbIO AKCOHA, 2 B POJIM IIOCTCMHANITUYECKON CTOPOHBI MOXKET BHICTYNATh
JEHAPUT WIH Teso Apyroro HeipoHa. IIpocTpaHCTBO MexAy NMpecHHANTHYe-
CKOW ¥ IOCTCHHANTUYECKO MeMOpPaHOIi Ha3bIBAETCS CHHANITHIECKOMH IeJIbIOo.
Ilepenava nHopMaLuy B CHHAIICE OT OJJHOI'O HEHPOHA K PYroMYy Ha3bIBA€TCs
CHMHanNTH9eCcKOH Nepegadeii.

B GosbmmHCTBE cCHANCOB MHGpOpManus, NpuIleAliast B BUAE 31K TPUIECKO-
ro MMIyJIbCa MO aKCOHY, B TEPMUHAIM IIpeo6pa3yeTcss B XUMUYECKUNA CUTHAI,
nepecekaoluil cHuHanTU4Yeckylo menab. Ha nocrcunanTuyeckoit MeMGpaHe
3TOT XMMHYECKUI CUTHWI BHOBb IIpeoOpa3yeTcs B dJIeKTpudecKkuit. Xummde-
CKUI1 CUTHaJI, Ha3bIBa€Mblil HeiipoMeIUaTOPOM, XPaHUTCS U BBIAENSETCS U3 CH-
HANTH4eCKUX Ny3bIPbKOB B TEPMUHAIN aKCOHA. Kak MbI yBuuM no3axe, pasHble
HeHPOHBI UCIIOJIb3YIOT pa3Hble BUABI HEHPOME AATOPOB.

Takas Tpanchopmanua HHGOPMALMK U3 3IEKTPUIECKOH B XUMHUYECKYIO U
06paTHO JeJ1aeT BO3MOXHBIMU MHOTHE BbIYUCIUTEIbHBIE (PyHKIIMK MO3ra. Mo-
JuduKanus 3TOro Mpolecca UMEET MECTO B MAMATH U OOyY€HUH, @ HApYIIEeHUS
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CUHAITUYeCKOU IepeaavYyv BCTPEYaTCs NIPHU ONPEAEIEHHBIX ICUXWUYECKHX 3a-
6osieBaHUSAX. CHMHAIC TAKXE SBJISIETCS MECTOM ,ZleﬁCTBHH MHOTI'MX TOKCHHOB M
GOJIBIIMHCTBA IICUXO0AKTUBHbBIX BEIIECTB.

AKCOHHbIW TPaHcNoOpT

Kak roeopuioch panee, ofHOH U3 OCOGEHHOCTEW IUTOIIA3Mbl aKCOHA,
BKUIIOYAs LIMTOMIA3My TEPMUHAIH, ABJISIETCA OTCYTCTBUE pu60COM. Pub6ocompl
SIBJISIOTCS KIETOYHBIMU (paGpHUKaMU 110 IIPOM3BOACTBY 6€JIKa, @ UX OTCYTCTBUE
O3HAYa€T, YTO GEJIKM CUHTE3UPYIOTCA B T€jle HEHPOHA, a 3aTEM JOCTABIAIOTCA
K akcoHy. Eme B cepeaune XIX Bexa anmmmiickuii pusnonor Asryct Bannep no-
Ka3aJl, YTO NpHU OTAEJIEHUU OT POAUTENLCKON IUIETKM aKCOHbI TEPAIOT KU3HE-
cnioco6HOCTh. [Ipolecc aerenepanuy akCOHOB IPU UX NE€pPeCEYEHUU U3BECTEH
ceroJHs xak Bawieposa dezenepayus. ITOT NPOLECC MOXKHO OTCJIEKUBATD C TIOMO-
IO HECKOJbKMX METOAOB OKpallMBaHUsA, 03TOMy Banieposa aerenepanus
ABJIAETCS OAHUM U3 CIOCOGOB OTC/I€KUBAHUS AKCOHHBIX CBA3€H MO3ra.

Banneposa aerenepanus BO3HUKAET BCJIEACTBUE IPEPbIBAHUSA HOPMaIbHOTO
nepeMelleHus BEMEeCTB OT TeJa HelipoHa Kk TepMuHalu akcoHa. Takoe aBuxe-
HUeE BeIeCTB BAOJb aKCOHA Ha3bIBA€TCs aKCOHHBIM TpaHcHopToM. Bnepsrie
OH GbL1 MPOJEMOHCTPUPOBAH B 3KCIIEPUMEHTaX aMEPUKAaHCKOrO HeHpo6uoio-
ra [Tona Baiica u ero xoster B 1940-x rogax. OHM y3HAIU, YTO NpU NEPEBA3KE
aKCOHa BEIIECTBA HAKATUIMBAIOTCA B MPOKCUMMAIbHOM YacTH OT y3Ja, 6Juxe K
Tesy HelipoHa. IIpy CHATHM y3/1a HAKOIUIEHHbIE BEIECTBA ABUTAIMCh BHU3 110
AKCOHY €O cKOpOoCTbIO 1-10 MM B cyTKH.

IT0 6bLIO BAXXHBIM HAOIIOAEHUEM, HO JaIeKO He noIHbIM. Ecyiu Obl Bce Bele-
CTBa NepeMeIlaIuch 10 aKCOHY JIMIIb 6/1arofaps 3TOMy TPaHCIIOPTHOMY MeXa-
HU3MY, TO OHU JOCTUTaJH Obl KOHILIOB CAMbBIX JJIMHHBIX HEHPOHOB KaK MUHUMYM
HOJIroJia — CJIMIIKOM A0JITO, YTO6bI HAKOPMUTD FOJIOJAIONIME CHHATICHL. B KOHIIE
1960-x ronos pa3pa6aThiBaIMCh METObI OTCJIEKUBAHUSA NlepeMeIleHUs GeKo-
BBIX MOJIEKYJ] 1O aKCOHYy K €ro TepMUHataM. [IpumeHsaeMble METOABLI IPEATIO-
Jlaraiii BBEJICHHME B T€JIO HEMPOHA paJiOaKTUBHBIX AaMUHOKHUCIOT. (AMUHOKHC-
JIOTBbI, KaK Bbl IIOMHUTE, CJIyXaT CTPOUTENIbHbIM MaTepUaJoM s GEJKOB.)
MeueHble aMUHOKHCIOTBI COOMPATUCH B GEJIKM, a 3aTEM y4eHble 3aCE€KaIU Bpe-
M, 33 KOTOpO€ PaJMOaKTHUBHbIE GEJIKU JOCTUTAIH TEPMUHANEH, U BLIYMCIAIN
CKOPOCTb TPaHCIOPTA. BbIACHUIOCDH, UTO Gbicmpbiil akconnsiii mpancnopm (B OT-
JIMYME OT Me0AEHHO20 AKCONHO20 mpancnopma, OTKphITOro Bailicom) npoucxoaut
€o ckopocThio cBbiie 1000 MM B CyTKH.

Cerogus HaM U3BECTHO 6oJibllle O paboTe GBICTPOro aKCOHHOTO TPaHCIIOP-
Ta. BemecTsa 3aK/104al0TCs B My3bIPbKHM, KOTOPbIE 3aTEM NEPEMEIAIOTCS IO
MHUKpPOTpy60uKkaM akcoHa. CBoeo6pa3Hble “HOXKHN™ 06pa3oBaHbl GEJIKOM KuHe-
3UHOM, A CaM TIPOLIECC MPOMCXOAUT 3a cueT 3Heprun AT (puc. 2.18). Kunesun
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NepeMEMa€eT BEMECTBA JHUIIb OT T€Jda K TEPMHHAISAM. Bce nepemMemeHue Be-
IECTB B 3TOM HAIllpaBJIEHNH HA3bIBA€TCA aHTErpagHbIM TPAaHCIIOPTOM.

Hanpasnexve
aHTerpagHoro
TpaHcnopTa

My3bipek

KuiHesuH

MukpoTpy6oykm

Puc. 2.18. MexaHn3m nepemeLLeHUs BELWECTB N0 MUKPOTPY6OUYKam akco-
Ha. 3aioyeHHble B MeM6paHHbIX Ny3blpbkax BewlecTsa NepemMellatTca oT
Tena K TepMuHansaM akcoHa 6naroaaps AencTeuio 6enka KMHesuHa, KoTopbin
“waraet” N0 MUKPOTPYBOHKaM, pacxoaya Npu 3Tom aHepruo ATO

IToMuMO aHTErpagHOro TPAHCIOPTA, CYWIECTBYET MEXaHU3M Me€PeMelIeHU s
BEIECTB BBEPX I10 aKCOHY, OT TePMUHAIHU K Tesry. CUUTAETCS, YTO 3TOT POIECC
HECeT B T€JIO HelipOHa CUTHAIbI 06 M3MEHEHHAX METa00INYECKUX HYK ] T€PMU-
Haeii akcona. IlepemenieHne B HanpaBjJeHUH OT TEPMHUHAIN K TeJy HEHpOHa
Ha3bIBAIOT PeTPOrpagHbIM TPAHCIOPTOM. MOJIEKyIIPHBII MEXaHU3M peTpo-
IPaZiHOrO TPaHCIOPTa HAaIIOMUHAET aHTErpajJHblii, C TEM JHUIIb OTINYHEM, YTO
(pyHKLIMIO “HOXEK” BBINOJHAET APYroit 6enokK, duneun. O6a MeXaHU3Ma aKCOH-
HOTO TPAaHCIOPTA, AHTErPajHblil U PETPOrpagHbIil, UCIOIb3YIOTCH Y4EHBIMU
JUIS OTCJIEXKUBAHUS CBA3€ii B Mo3re (Bpe3ka 2.5).
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BbICTpbIN aHTerpagHblin TpaHCNOpPT 6eNkoB B akCcoHax 6bln NokasaH NyTem MHbekK-
LMK B TENO HEpPOHa PaanoaKTUBHBIX aMUHOKMCNOT. 3TOT METOA NO3BONMN OTCNEXN-
BaTb HEMPOHHbIE CBA3WN B MO3re. Hanpumep, 4Tobbl onpegenvTb, Kyaa, NOMUMO KOpb!
MO3ra, CnepyloT akCOHbl HEMPOHOB rnasa, B rna3 BBOAWMNACL PAAVOAKTUBHAA amu-
HoKMCNoTa NposvH. B Tene HerMpoHa NPoNvH BCTpanBancsa B 6enku, KOTOpble 3aTem
nepemMeLlan1cb K TEPMUHaNsSM akCoHa. Micnonb3oBaHue 3TOM TEXHWKM, Ha3biBAEMOW
asropaaviorpagpuesi, N03BONUNO HANTU MHOXECTBO CBA3EW MEXAY rMa3oM 1 MO3roMm.

3ateM nuccnefosarteny onpeaenvny, H4To PETPOrpaaHbii TPAHCNOPT Takke MOXeT
NCNONb30BATLCA ANA U3y4eHna CBA3EN Mo3ra. JTO BeCbMa CTPaHHO, HO hepMeHT ne-
pokcunaasa xpeHa ([1X) cenekTnBHO 3axBaTbiBAETCA TEPMUHANAMM aKCOHOB U Nepeme-
LLlaeTCs peTporpagHo K Tenam HeMpoHOB. 3aTeM XUMUYeCKasn peakLms Bu3yannavpyet
pacnonoxeHue MNX B cpesax TkaHM MO3ra Nocne 38TaHa3MmM NOAOMNLITHOMO XXUBOTHOT O.
OTOT METOA HaCTO MCNONL3YIOT ANS OTCEXMBAHWA CBA3EN B MO3re (puc. A).

HekoTopble BUPYCbI TaKXXe NCNONb3YIOT PETPOrpagHbIvi TPAHCNOPT AN 3apaxeHus
HenpoHoB. HanpumMep, BUPYC ryGHOro repneca NPOHUKAET B TEPMUHANN aKCOHOB B
obnactv ryb n pTa, a 3aTeM NepemMeLlaeTcs K Tenam HempoHoB. 34eCb BUPYC 06bIYHO
OCTaeTCs B HEAKTUBHOM COCTOSIHUM O TEX NOP, NOKA HE HACTYNUT CUNbHbBIN dn3nye-
CKW UNIN 3MOLIMOHANbHBIV CTPECC (Hanpumep, Nepeoe CBMAaHWE), U Toraa oH pennu-
LUMpyeTca 1 BO3BPALLAETCA K TEPMMHANAM akCOHa, Bbi3blBas 6ONE3HEHHYIO repneTu-
YeCKylo A3BO4YKYy Ha rybax. MogobHbiM ob6pal3oM BupyC GelleHCTBa NPOHVKAET B
HEPBHYID CUCTEeMy MnyTeM peT-
porpagHoro TpaHcnopTa no ak-
CoHam oT koxu. OpHako npw
OOCTWXKEHWUN Tena HelpoHa Bu-
pyC He TepseT BpeMs Ha B3PbIB-
HOEe Pa3MHOXEHWE N Cpady Xe
ybuBaeT KneTtky-Hocutens. 3a-
Tem BMPYC 3axsBaTbiBaeTCs Apy-
rMMW KNeTkamn HEPBHOM CucTe-
Mbl, W Mpouecc noBTOPseTCH
CHOBa 1 CHOBA BNNOTb A0 CMep-
TV XXepTBbI.

NHbekuys NX Yepes aBa ks
NOCne peTporpafHoro
TpaHcnopTa

X
HakannmeaeTcs
B MO3ry

HelpoHbl,
MeyeHHble X

Puc. A
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OdeHapuTbl

TepMUH Oendpum MPOUCXOAUT OT IPEUECKOTO CJIOBA “A€PEBO”, IOTOMY YTO
OTXOJsIIME OT TeJla HEPOHA OTPOCTKU HA[TOMUHAIOT BETBU JlepeBbeB. Bee nena-
PHUTBI OJJHOIT HEPBHOI! KJIETKH O6'beJUHEHBI TEPMUHOM JeHIPUTHOE AePeBo, a
Ka)kJiasi BETBb 3TOTO JIepeBa HA3bIBAETCS dendpumnoti semedvio. bosbiioe pas3Ho-
o6pa3ue GopM U pa3MepOB JEHJPUTHBLIX AE€PEBbEB HCIIONb3yeTCs A KIacCu-
(puxanuy pa3IMYHBIX IPYII HEHPOHOB.

ITockombKy AEHAPUTDI BHINOJHAIOT (PYHKIIUIO aHTEHHbl HEHIPOHA, OHM IIO-
KPBIThI ThICSITYaMU cuHamcoB (puc. 2.19). O6oy0uka AeHAPUTA MOJ CHHAIICOM
(nocmcunanmuueckas membpana) UMeeT MHOXKECTBO CHEIUATU3NPOBAaHHbIX GeJl-

KOB, Ha3bIBA€MbIX PelleITOPaMH, KOTOPbIE BbISBJIAIOT HEMPOMEIUATOPbI B CHU-
HanTU4YeCKO IeJIn.

Puc. 2.19. [leHapuTbl NONY4alOT CUHaANTU4YECKUE BXoAALMUE UMNYANbLCHI
OT TepMMHaneii akCoHOB. HepoHbI M3nyyaloT 3eneHoe cBeyeHue bnarofa-
ps MeToay, o6HapyxuBaroweMy pacnpeaenexue 6enka, accounmpoBaHHOro ¢
MUKPOTPY604Kamu. TepMMHANM akCOHOB U3Ny4aloT KpacHO-OpaHXeBoe cBeye-
HWe 6naroaaps mMetofy, onpeAensoLemMy pacnonoXeHne CUHaNTUYECKnX ny-
3bIpbKOB. flapa OKpalleHbl Takum 06pa3oMm, 4TO6bI U3Ny4aTb CUHEE CBEYEHMe.
(Ucroqnuk: Dr. Asha Bhakar, Massachusetts Institute of Technology)

JleHApUTBI HEKOTOPBIX HEIPOHOB MOKPBITbI OCOOBLIMHU CTPYKTypaMH, Ha3bl-
BaeMbIMH A€HAPHTHBIMH IIMIIAMU — IMEHHO OHU IPUHHUMAIOT HEKOTOPBbIE BXO-
JsLye CHHANTHYeCKUe UMITYJIbChl. DTH UMbl HATOMHHAIOT MEJIKME BbIITHpPAIo-
IMe MENIOYKH, OTXoAsImue OT AeHApuTa (pHc. 2.20). Heo6pruHas mopdoorus



IIMIIOB MTOPaXKala YUYEHBIX €lle CO BpeMeH
ux oTkpeiTua Kaxarem. Cumraior, uTo
OHHU U30JIUPYIOT ONpeJeNeHHble XUMUYe-
CKMEe peaklMH, 3allycKaeMble aKTUBaluei
cuHancoB. HeoObluHble U3MEHEHUS B J€H-
JPUTHBIX IIMIUKAX GbUIM HAHJEHbI B MO3-
Iy loAei C KOTHUTUBHBIMH HapylIeHUSAMU
(Bpeska 2.6).

IIuTonyasma AeHAPUTOB BO MHOT'OM Ha-
MOMMHAET LUTOIUIa3My akcoHoB. OHa 3a-
OJIHEHA 3JIEMEHTAMHU IUTOCKEJIETAa U MUTO-
XOHApUAMH. EAMHCTBEHHBIM MHTEPECHBIM
OTINYMEM SIBJSIETCS TO, YTO B AEHJPUTAX
YacTO BCTPEYAIOTCS MOJMPUGOCOMBI, 3a-
YacTyi0 HENOCPEJCTBEHHO I10J MIUITHKAMU
(puc. 2.21). HMccnepoBanus mokasaiy, 4To
CHHANTU4YeCKas Iepejadya MOXET YIpas-
JISITh JIOKQAJIbHBIM CUHTE30M O€JIKa B HEKOTO-
pbIx HeifipoHaX. CHHaNTHYeCKas Peryasnus
6€JIKOBOrO CHHTE3a KpUTUYECKH BaXkKHa IS
XpaHeHHUs! UH(OPMAIMU B MO3TY.

KNACCU®UKALIIS
HEMPOHOB

Becbma BEpOATHO, UTO MBI HUKOTZAA
HE y3HaeM, KaKUM O6pa3oM KaxJblil U3
85 MM/UIMapJOB HEPOHOB Halleil HepB-
HOI1 CMCTEMbI YHUKQJIbHbIM 06Pa3oM BJIM-
seT Ha ¢pyHKIUM Hawero mo3sra. Ho uro,
ecau 6bl MbI CMOIIM TOKa3aThb, YTO BCE
HEHPOHbI MO3ra MOTYT GbITb Ki1accudu-
IIMPOBAaHbl U B KaXJOH KaTeropuu Bce
HeHpOHBI IefICTBYIOT OAMHAKOBO? JTO MO-
3BOJINJIO GbI CHU3UTD YPOBEHB CJIOXKHOCTH
NpoG6JIEMBI, YTOObI MOHATb YHUKAIbHYIO
POJIb KaXJIOi KaTeropuu HEIPOHOB, a He
KK JIOM OTZEJbHO B3ITOM KI1eTKU. B Haje-
XJle Ha 3TO HeiipoydeHble pa3paboTalu
CXeMbl JUIS KI1accugUKaLUY HEIPOHOB.
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Puc. 2.20. AeHapyTHBbIE WMNUKK. KOM-
NblOTEpHAa PEKOHCTPYKUMA dparmeHTa
AeHOpuTa, noKasbiBalowan AeHapUT-
Hble LWMNUKWU pasnnyHon hopMbl U pas-
MepoB. Kaxapiil LUMMUK UMEEeT CUHaNChbI
C OHOW NN AByMA TEPMUHANAMW aKco-
Ha. (Ucroynmk: Harris & Stevens, 1989,
06noxka)

Puc. 2.21. NocTcuHanTu4eckue noaum-
pUM60COMBI. Ha 3TON 3NEKTPOHHON MK-
kpodoTorpachum nokasaH geHapvT (den)
CO CKONMIEHMEM NONUPUBOCOM (CTpernka)
y OCHOBaHWA OEeHOPUTHOrO LWMnuKa (s),
MMeEIOLLIEero CUHanc ¢ TEpMUHANbIO akco-
Ha (t). (M3o6paxeHune npepoctasun Dr.
Oswald Steward, University of California,
Irvine)



92 HeitpoHayku. VccnepoBaHue Mo3sra

Knaccudukaums no cTpykType HeMpoHOB

IMonbiTkK KIaccuPUIUMPOBATh HEIPOHBI HAYAIUCh, 6€3 NpeyBeJIUYEHUH, C
uso6perenueM Metoza [oabpxu. 3TH cxema KiaccudUKalMy, OCHOBaHHas Ha
MOp(OJOruMu AEHIPUTOB, AKCOHOB U CTPYKTYpP, KOTOpble OHM MHHEPBUPYIOT,
HIMPOKO UCIIOJIb3YETCs A0 CHX MOp.

Mo xonu4yecTBy OTPOCTKOB

Heiiponbl MOXHO K1acCUpUIUPOBATD 110 OGLIEMY YUCIY HEHPUTOB (aKCo-
HOB U JICHJPUTOB), OTXOJSIIMX OT TeJja HeiipoHa (puc. 2.22). HeiilpoH ¢ eauH-
CTBEHHBIM OTPOCTKOM Ha3bIBAIOT YHMNOAsAPHBIM. [Ipy Hammuuy AByX Heilpu-
TOB HEfIpOH Ha3bIBAIOT GMIOSIPHBIM, A IPY HUIMYUU TPeX U 60J1ee OTPOCTKOB
HEPOH Ha3bIBAIOT MYJbTHIOJIAPHBIM. BOJBIIMHCTBO HEHIPOHOB MO3Ta MY.JIb-
THUIOJIIPHBIE.

YH1nonspHblin

MynbT1noNApHbIN

BrnonspHblit

Puc. 2.22. Knaccucmkaumsa HepoHOB NO KONMYECTBY OTPOCTKOB

Mo penaputam

JlenipuTHbBIE J€pPEBbs HEIPOHOB Pa3HOTO TUIIA MOTYT 3HAYMTENbHO pa3Ju-
yaTbcsA. HasBaHNs HEKOTOPBIX OBOJbHO OPUTHHAIbHBI, HAIpUMED “ABYXOYKeT-
Hbl€ KJETKU” WIN “KIETKU-KaHAeAa6pel”. JIpyrue xxe uMeloT 60Jiee NPUBbIYHbIE
Ha3BaHU#A, HanpuMmep “albda-wieTka”. YacTo xraccudukauus yHUKaIbHA IS
KaX/IOi KOHKPETHOI 30HbI MO3ra. Tak, B KOpe roJJOBHOTO MO3Ta PacroJIOXKeHbI
JBa 6OJIbUIMX K1aCCa KIETOK: 3Be3/{JaThle KJIETKH U MHPaMUIaibHbIe KIEeTKH
(puc. 2.23).

HeitpoHbl Takxe MOXKHO K1aCCU(ULHMPOBATD [10 TOMY, UMEIOT JIU UX JE€HAPH-
ThI IIUNUKK. HelpOoHbI ¢ MnamMu Ha J€HAPUTAX Ha3bIBAIOT ITMIIMKOBBIMH HEi-
POHaMH, a HEMPOHBI 6€3 IUINOB — 6eCIMMIMKOBBIMU. ITHU ACH/PUTHbIE CXEMbI
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KIaccuUKaLUK MOTYT nepecekaThcs. HanpuMep, Bce NMpaMUAIbHBIE KIETKH
KOPBI MO3ra SIBJSIOTCA MUMUKOBBIMU. C Apyroii CTOPOHBI, 3B€34aThie KIETKU
KOPBI MOTYT GbITb IIMITHKOBBIMHU UM G€CITUINKOBBIMH.

3seafyaras knetka MupamuaanbHas Ketka

Puc. 2.23. Knaccucpukauus AeHApUTOB NO CTPYKTYpe AEHAPUTHOroO ae-
pesa. [1ea Tvna HEPOHOB KOpbl MONIOBHOrO MO3ra — 3Be3a4aThble U nMpamu-
[AanbHble KNeTKW, pasnuMyaemble pacnonoXeHWemM AeHapUToB

Mo cBA3sAM

Hudopmarus B HEPBHYIO CCTEMY [IEPEHOCUTCS HEIIPOHAMU, KOTOPbIE UMEIOT
HEIPUTHI HA YYBCTBUTEIbHBIX IIOBEPXHOCTSAX T€Ja, TAKMX KAK KOXKa MJIM CETYATKA
ria3a. KneTku ¢ Takumu cBA3SMM Ha3bIBAIOT MEPBUIHBIMHM IyBCTBHTEIbHBIMH
HelipoHamu. Y JPYTUX HEHPOHOB MMEIOTCA aKCOHBI, O6Pa3yIoNe CHHAMCDHI C
MBIIILAMU U YIPABIAIONINE JBWXEHUAMH; TAKME HEHPOHBI Ha3bIBAIOTCS ABHIra-
TeJIbHBIMM HelipoHamMH (MOTOHelipoHam#u). Ho 601bIIMHCTBO HEHPOHOB HEPB-
HOW CHCTEMbI 06Pa3yIoT CBSI3M TOJIbKO € IPYTMMH HelipOoHamu. B aToit cxeme xtac-
cudUKauK Takie HeHPOHbI Ha3bIBAIOTCH BCTAaBOYHBIMM HelpOHaMM.
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EIVITCPHN 910 MHTepecHo

YMCTBEHHaA OTCTAAOCTb U AEHAPUTHbIE WKUNbI

CnoxHast CTpyKTypa AEeHOPUTHOrO AepeBa HEMPOHOB OTPaXaeT CMOXHOCTb WX
CUHANTUYECKNX CBA3EM C APYruMM HelpoHaMun. OyHKUMA MO3ra 3aBucuT OT 3TUX Bbl-
COKOTOYHbIX CMHANTUYECKMX CBA3EWN, KOTOPble 00pa3yloTcs elle B 3MOPUOHANbHbIN
nepuoa passuTua 1 COBEPLLUEHCTBYIOTCA HA NPOTHKEHWUM MPYOHOMO U PAHHEr O AeTCKO-
ro po3dpacTta. HeyamsutenbHO, YTO 3TOT CNOXHbIA NPOLECC Pa3BUTUA OYEHb YA3BUM
nepepn HapyweHnamn. Ecnu HapylweHne pasemuTna Mo3ra NpUMBENO K TOMY, YTO BAMSIO-
Lme Ha afanTueHOe NoBefeHNe YMCTBEHHbIE CNOCOBHOCTN OKa3annChb HUXKE CPpeaHNX
ANA AaHHOro BO3pacTa nokasaTenei, MOXHO roBopuTb 06 YMCTBEHHOW OTCTANnoCTw.

CornacHo o6Lwum TecTaM MHTENNEKT B LENOM NoNynaunMmM pacnpeaenseTcs B Buae
KONOKONOOBPA3HOM KPUBOW, MMM KpWBOW Maycca. B cuny cnoxueliencs Tpaguumm
cpepHnii koadhduumeHT nHtennekta (IQ) paser 100. Okono agyx TpeTen nonynauum
WMEIOT NokasaTens B Npedenax 15 eavHuy (0AHO CTaHaapTHOe OTKNoHeHue), a 95%
BCEN Nonynaunn UMeIOT nokasarens B nNpegenax 30 eauHuy (BTOpoe CTaHAapTHoe
OTKNOHEHWeE). JTioan C MHTENNEKTOM HWKe 70 CHUTaI0TCH YMCTBEHHO OTCTanbiMK, €CIN
NX KOFHUTUBHbIE HAPYLLIEeHWA BAMSAIOT HA CNOCOBHOCTL aanTMpOBaTbCA K YCNOBUAM, B
KOTOPbIX OHM XnBYT. OKONO 2-3% Ntoaer NOAXOAAT No4 3TO ONMCaHue.

YMCTBEHHAA OTCTaNoCTb UMEET MHOXECTBO MpuymH. CaMble cepbedHble hopMbl
CBA3aHbI C FEHETUYECKMMUN HAPYLLEHWUAMW, TaKUMU Kak gpeHunikeToHypus (OKY). Oc-
HOBOW NaTonorum aenaeTca Aeduumnt B NeYeHn hepMeHTa, KOoTopblii nepepabarblisa-
€T MNULLEeBYI0 aMUHOKMCNOTY dheHnnanaHvH. HoBOpOXAeHHble C (DEHWUNKETOHYpUEn
MMEIOT aHOManbHO BbICOKWIA YPOBEHb 3TOM aMUHOKMCNOTLI B KPOBW W MO3ry. Ecnn
He NeYnTb AaHHOE COCTOsSHWE, POCT MO3ra NpeKpaLlaeTca U BO3HUKAET Taxenas yM-
CTBEHHAA OTCTaNoCTb. [pyrvM NnpuMepomM senseTca cuHapoM [ayHa, korga y nnoga
MMEEeTCA NULLHAS XpoMocoMa B 21-1 nape, 4TO HapyLiaeT HOpMarnbHYO 3KCNPEecCcuio
reHOB Ha NPOTSHXKEHUN Pa3BUTUA MO3ra.

OpyrMu NpyYnHamMn yMCTBEHHOI OTCTanocTh MOryT ObiTb NpobnemMbl BO BpeMS:
6epeMeHHOCTH, BKNoYas MHAEKLUMOHHbIE 3a6oneBaHns MaTepu, HanpuMep KpacHy-
Xa, UM HegocTatoyHoe nuTanne. [leTw, poXKAeHHbIE ankoronmykamu, 4acto UMeT
Tak Ha3blBaeMblI @aNKOroMbHbIM CUHAPOM NNOAa, KOTOPbLIM NpeacTasneH uenon rpyn-
now aHoManuin pa3snTuna, BKMOYan YMCTBEHHYIO OTCTanocTb. [pyruMm npuanHamm ym-
CTBEHHOW OTCTANoCTW ABNAETCA acdukcuna (yaywbse) nnoaa so BpeMs POAOB U CKyA-
Haa OKpyXaroLlas cpeaa — HeaoCTaTo4HOCTb NUTaHUA, coumanm3aummn U CEHCOPHON
CTUMYyNAUUM — B MNaleHYecTBe.

HecMOTps Ha TO 4TO HekoTopble HOPMbI YMCTBEHHOM OTCTANOCTN UMEKOT O4eHb
YyeTkune hranyeckme NPosBneHns (HanpMMep, 0CTaHOBKA POCTa, aHOManun CTPOEHWS
ronosbl, PyK 1 Tena), 60NbLWMHCTBO CNyYaes OTpa)kaeTca Nb Ha nosefAeHnn. Moar
3TWX NIOAEN BHELUHE BbIMMAAUT HOPManbHO. Torga Kak Mbl MOXeM OObACHWUTL rny6o-
Kne KOrHUTUBHbIE HapyLWweHrna? BaxkHaa noackaska 6bina nonyveHa nua nccnefosaHns
Murena MapwH-Naguneun, paboTatowero 8 [lapMyTckom konnemxe, u [JomuHuka Myp-
nypbl, paboTaloLLEr0 B MEAMLIMHCKOM Konnemke Anb6epTta SitHwTeHa B Hbto-Mopke.
Mcnonbays Meto [onbaXu, OHW n3yyYany Mo3r AeTelt C YMCTBEHHOW OTCTanoCThiO W
OTKPbIN CYLECTBEHHbIE N3MEHEHUA CTPYKTYPbl AeHAPUTOB. [JeHapuTbl Takux geTen
MMENN HAMHOrO MEHbLLIE LUMMOB, @ Te, KOTOPbIE BCE e MMEeNUCb, Bbinv Heobbl4anHO
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ANVHHBIMW 1 TOHKUMK (puc. A). Cre-

NeHb U3MEHEHMI LUMMOB XOPOLLIO Kop-  HeHApUTY Aennpury

penMpoBsana Co CTeneHbio YMCTBEH- m‘;’ﬁg:zgoro ;‘Jgfg:}:‘:oa

HOW oTCTanocTw. TTCTAROETH
LLnnbl AeHApUTOB ABNAKOTCA BaX-

HOM LieNbio CMHaNTUHECKOro Mpuema.

Mypnypa OTMETUN, YTO LUMMbl OEH-

OPWTOB YMCTBEHHO OTCTanbIx Aetei

HanoOMWHAKOT HOpManbHble LeHApPUT-

Hble LUMMWKK 4eNOBEYECKOro nnopa.

OH npegnonoxwun, 4To yMCTBEHHas

OTCTanOCTb CBA3aHa C HapyLUeHWEeM

06pas3oBaHna HOPManbHbIX CXeM ne-

pegaywm B Mo3ry. CnycTta Tpu gecatu-

netus nocne nyénukaumm 3ToN 3Mo-

xanbHOW paboTbl 6bINO YCTaHOBNEHO,

4YTO HOpManbHOE Pa3BMTUE CMHANCOB,

BKNOYas co3pesaHue LWmMnos AeHapu- 10 MkM

TOB, KPUTUHECKWN 3aBUCUT OT OKpYXKa- —

toLLIe cpefbl B Neproa MnaaeH4ecTsa Puc. A. HopmanbHble  aHOMasbHble OeH-

1 paHHero geTckoro soapacta. Ckya- AapuTbl. (Mcroqnmk: Purpura, 1974, Fig. 2A)

HOE OKpY>XeHue (genpveaums) Ha Npo-

TSXKEHWUN PAHHEro KPUTUHECKOro Nepuoaa MOXET NPUBECTU K MYyOOKUM N3MEHEHNAM

HepBHbIX Lienelt B Modre. OgHako eCcTb 1 XOpoLIMe HOBOCTU. MHOrve u3 namMeHeHui

MO3ra, Bbl3BaHHbIX Aenpusaumnen, o6paTiMbl, eCNM BMELLATbCA AOCTAaTOMHO paHo.

Mo anuHe akcoHa

HexkoTopble HeiipOHbI HMEIOT AJMHHbBIE aKCOHBI, IPOXOAAIINE U3 OAHOMN Ya-
cTu Mo3ra B ipyryio. FIx HaseIBalOT xaemxamu Joavdxcu I muna, UIn npoexyuonrsl-
Mmu netiponamu. JIpyriue HEHpOHbI UMEIOT KOPOTKHE aKCOHBI, IPOXOASLIME JUIIb
B OKPECTHOCTH TeJa KieTki. OHM Ha3bIBAIOTCA kaemkamu [oasoxcu I muna, nam
Hell poHamu Aokarsrbix cemetl. Hanpumep, B KOpe roOJI0BHOTO MO3ra NUpPaMugaib-
HbI€ KJIETKM OOBIYHO MMEIOT JJIMHHBIE aKCOHBI, JOCTUTAIOMME APYTUX 30H MO3-
ra, v, cJleJJoBaTeJIbHO, ABIsSIOmMecsa KieTkaMu [onbmxu I Tuma. A akcOHBI 3Be31-
YaTbIX KJIETOK HUKOTZA He BBIXOJAT 3a Ipefesbl KOpbl MO3ra, YTO JejaeT UX
kaetkamu Joapmku I1 Thna.

Knaccudmkaumsa no akcnpeccumn reHoB

CeromHsi Mbl MOHMMaeM, YTO GOJILIIMHCTBO Pa3IMUMil MEXJy HellpoHaMu
MOXHO OOBACHUTb Ha F€HETUYECKOM ypoBHe. Hampumep, pasnuuue B 3KC-
NpeCccUuy T€HOB 3aCTaBJfeT NUMPAMUJAIbHbIE U 3B€3J4aThle HEHPOHbI NMPUHU-
MaTb pa3Hble (OpPMbL. YueHble, 3Hast 06 3TUX T€HETUYECKUX pa3JTu4UsiX, MOTYT
UCIOJb30BaTh UX JJIsl BbIBEJIEHUS TPAHCTEHHBIX MbINIE}l, KOTOPbl€ MO3BOJAT
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HNOJPOGHO paccieoBaTh HEHPOHBI 3TOro Ki1acca. HanmpuMep, MOXHO BBECTH
MHOPOJHBII T'eH, KOAUPYIOWUIl (JIyopeCleHTHbI! 6€l0K, U IMOCTaBUTb €ro
1O/ yHpaBJ€HUE TUNOCNENU(PUUECKOrO reHa-TPOMOTOpPa KJIETKU-XO3SMHA.
B HelipoHay4HBbIX MCCIE€JOBAHUAX YACTO HCIOJb3YETCA 3eeHblil ayopec-
neHTHBIH Geok (3PB), koaupyemblit reHoM Meay3bl. I1pu 06yyeHNM cBeTOM
¢ Heo6xoauMoM AnuHOI BojHbl 3®D u3nyyaeT ApKo-3eN€HOE CBEYEHHUE, UYTO
NO3BOJIAET BU3yaTM3UPOBAaTh HEHPOHBI, B KOTOPBIX OH 3KCIpeccupyeTcs. Me-
TOJbI TEHHOI MHXX€HEPUU CETOJHS MIMPOKO HUCIOJb3YIOTCA AN U3MEPEHUS U
MaHHUNYJIALNMA ¢ PYHKIMAMU HEMPOHOB B Pa3/IMYHBIX KaTeropusax (speska 2.7).

H3BecTHO, YTO HEHPOHbI Pa3IMYAIOTCs, B YACTHOCTH, U HeifpoMeauaTopa-
MU, KOTOpbl€ OHM MCNOJb3YIOT. Pasiuuusa mexay HeiifpoMeauaTOpaMu BO3HU-
KalOT M3-3a Pa3IMUUil B 3KCNIPECCUU GEJKOB, OTBETCTBEHHBIX 3a CUHTE3, Xpa-
HEHHUE U UCNOJIb30BaHUE HelipoMeanaTopoB. [ToHMMaHNe 3THX reHeTUYECKUX
Pa3IMYMii TO3BOJISAET KIACCU(UIMPOBATh HEHPOHDI 110 UX HEpOMEAHaTOpaM.
Hanpumep, Bce JBUraTeibHble HEIIPOHBI, YIIPABJISIONIME IPON3BOJIbHBIMU JIBU-
XEHUAMH, BbIIEJSAIOT B CUHAIIChl AUemMuLX0AUH; TIO3TOMY TAKME MOTOHEHPOHBI
Ha3bIBAIOTCA XOAUHIPeUMECKUMU, BTO O3HAYAET, UTO OHU BKCIIPECCUPYIOT FEHBDI,
NO3BOJIAIOIME MCIOJIb30BaTh UMEHHO 3TOT HeifpomeauaTop. COBOKYIMHOCTh
KJIETOK, MCIIOJIb3YIOMUX OJUH HEHPOMEANATOP, O6GPA3YET el pomeduamoprsie cu-
cmemst (1B 6).

rMma

XoTs B 3TOil MIaBe pacCMOTPEHbI NIABHBIM O6Pa30M HEIpOHBI, IOTOMY YTO
OHHU JOCTATOYHO XOPOILIO U3y4eHbl COBPEMEHHOI1 HayKOM, HEKOTOpbIE yY€HbIe
CYHUTAIOT, YTO UMEHHO VIS SABJISAETCS “CISLIUM F'UTaHTOM” HeHpoHayKH. MBI 1o-
CTOSIHHO IOJIy4aeM MOATBEPXKAECHUS IUIIOTE3bl O TOM, YTO INIUs UrpaeT Gosee
Ba)XHYIO pPOJib B 06paboTke MHPOPMaLIM1 MO3TOM, YeM IIPETojaraloch paHee.
OJHaKo, KaK CBUAETEJIbCTBYIOT JaHHbIE, [JIUS BJIUSET Ha (PYHKIIUIO TOJOBHOTO
MO3ra MIaBHbIM 06Pa3oM 61arofaps noAJepxkaHuio GyHKIUNA HeHPOHOB. XOTs
IJIMSI U UTPaeT MOAYMHEHHYIO poJib, 6€3 Hee Hall MO3r He CMOT Gbl (PyHKIIMOHU-
pOBaTh AOKHBIM OGPa30M.

AcTpouuTbl

CaMbIMH MHOTOYMCJIEHHBIMU NPEJCTAaBUTEIAMU IJIMUM B MO3Iy ABJIAIOTCH
acTpouMThl (puc. 2.24). TU KIETKH 3aHUMAIOT GOJIBIIYIO YaCTh IPOCTPAHCTBA
Mex 1y HelipoHaMu. OcTaBIIeecs IPOCTPAHCTBO MEX Y HEIPOHAMU U aCTPOLHU-
TaMu 3aHUMaeT He 6oblne 20 HM. Kak cieacTBie, MMEHHO aCTPOIUTLI, BEPOSAT-
HO, PElIalOT, CMOXET JIM HeHPOH PacTU U PaCUIUPAThCA.
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Ha nepegHeM Kpae Hayku

MoHumaHue CTPYKTYPbl U GYHKLUUK HEUPOHA
C HeBepoATHbIM Cre

OavH TVN KNeToK B Tene 4enoseka MOXXHO OTNMYUTL OT APYroro Mo YHWKanbHoWm
KapTWHE reHoB, 3KCMpeccupyembix MMu B Buae 6enkos. AHanormyHbiM o6pasom
pasHble KNacchbl HEMPOHOB B MO3re MOXHO ONPeAensTh MO TEM reHaM, KOTOPbIE OHM
akcnpeccupyioT. CoBpeMeHHbIE METOABI TEHHOM MHXEHEPWN NO3BONAIOT YCTaHOBUTL
ponb KNETOK 3TOro Tuna B hyHKUMM MO3ra — Ha OCHOBE 3HaHWA O TOM, 4TO Onpeae-
NEHHbIN reH 3KCNPECCUPYETCA B EAVHCTBEHHOM TUMNE HEMPOHOB.

[aBaliTe paccMOTpUM B Ka4ecTBe NpUMepa HeMpOHbI, B KOTOPbIX 3KCMNpeccupy-
eTCa reH, koavpyowmin 6enok xonuHauetunTpaHcadepasy (XAT). XAT — depMeHT,
y4acTByIOLLMIA B CMHTE3E HerpomeanaTopa auetunxonnHa. OH akcnpeccupyeTcs uc-
KMIOYUTENBHO B "XONUHIPIMHYECKNX HepoHax”, KOTOpblE MCMONb3YIOT aueTUNXonuH,
MOTOMY YTO TONBKO 3TV KNETKN MMEIOT 0COBble hakTopbl TPAHCKPWNLUWK, BO3AEACTBY-
IOLLMe Ha NPOMOTOP 3TOro reHa. Ecnu Mbl BBEAEM B r€HOM MbllLWM TPaHCreH, paspa-
60TaHHbIN TakuM 06pPa3oM, 4YTOObl KOHTPONMPOBATLCA TEM XKE MPOMOTOPOM, TO 3TOT
WHOPOAHBIV TPAHCreH Takxe ByAeT 3KCNPecCUMpoBaTbCA TONLKO B XONMHIPTUYECKMX
HevpoHax. Ecnm TpaHcreH akcnpeccupyeT drepmeHT Cre-pekoMbuHady, Nponcxoas-
wmin 13 BakTepuanbHoOro supyca (6akrepuodara), To Mbl CMOXEM 3aCTaBuTb XOnu-
Hepruyeckne HempoHbl BblAaTb CBOW CEKPEeTbl MHOXECTBOM Pa3nuyHbIXx cnocobos.
[agaiite y3HaeM Kak.

Cre-pekombuHasa pacno3HaeT KopoTkue nocnegosarensHoctv [HK, HasbiBae-
Mble LoxP-cavitami, KOTOpble MOXHO BCTaBWUTb C NI0OO0M CTOPOHBI APYroro rexa. Yvac-
Tok [HK mexpy LoxP-caitammn HasbialoT ¢h/iokenpoBaHHbIM. OyHKUma Cre-pekom-
6uHasbl 3akno4aeTca B yoaneHum (unv eoipedanum) yqactka [HK, pacnonoxeHHoro
mexay LoxP-cartamun. Ckpelwumsasn “Cre-Mbilwb” C “GNOKC-MbILWbIO”, MOXXHO BbIBECTU
MbILLIEN, Y KOTOPbIX YAaneH reH NUwb B OAHOM ONPeAeneHHOM TUNe HENPOHOB.

B 3TOM NPOCTOM NprMepe Mbl MOXEM 3afaTb BONPOC, Kak XONMHIPrnYecKkne Hew-
POHbI pearvpyioT Ha yaaneHne Apyroro reHa, 3KCNPeccupyeMoro UMK B Hopme. Ha-
30BeM ero red X. Y471obbl y3HaTb 3TO, Mbl CKPECTUM Mbilb C (ONOKCUMPOBAHHBLIM re-
HOM X (“CbNOKCUPOBAHHYIO MbIlb") C HAaLLel MbIWbIO, KoTopas akcnpeccupyet Cre
noa KoHtponem npomotopa XAT (“XAT-Cre Mbiwb”). Y NOTOMKOB (hNOKCUPOBAHHbI
reH yganseTcs NUWb B HeMpoHax, akcnpeccupyowmx Cre, T.e. UCKNOYMTENBHO B XO-
NNHIPIUYECKMX HerMpoHax (puc. A).

Mbi Takxe MoxxeM ncnonb3oeatb Cre, 4TOObI BbI3BATH AKCNPECCUIO HOBbIX TPAHCTe-
HOB B XONMH3PrMyeckmx HepoHax. B HopMe akcnpeccus TpaHcreHos TpebyeT BKIo-
YeHVs NoCNeaoBaTeNnbHOCTU-NPOMOTOPA Neped 30HOKW, KoampyloLlel 6enok. TpaHc-
KpWNUWs reHa He MOXET NPOU30NTI, €CNW CTON-KOAOH BCTABNEH MeXAYy MPOMOTOPOM
1 30HOW, koaupytoLen 6enok. Tenepbs pacCMOTPUM, HTO NPOM30NAET, €CNK Mbl BblBe-
[EM MblLLb, Y KOTOPOI CTON-KOAOH OKPY>XeH LoxP-caitammn. CkpelumsaHmne 3Toi MblLu-
Kn ¢ Hawew XAT-Cre MbllWbO NO3BONUT NOMYYUTb NOTOMCTBO, Y KOTOPOrO TPaHCreH
3KCMPECCUPYETCA UCKNIOYUTENBHO B XONMHIPTUNYECKMX HEMPOHAX, MOTOMY YTO TONBbKO
B 3TUX HEepoHax yaaneH cTon-koaoH (puc. b).
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Cre-pekombuHasa
aKcnpeccupyertcs
TONbKO B

XONMHAPrNYECKNX
HenpoHax

LoxP LoxP MpomoTop XAT

leH X @

['eH, koompytoLL it

JHK LHK Cre-pekoMbuHasy
« T X « 7

Popgutenn
®nokcupoBaHHas Mbillb XAT-Cre Mbilb

Fen X
yoaneH ToNbKo B kneTkax,

akcnpeccupyowmx Cre
LoxP LoxP - S

e

MoTomok

MbILWb C HOKAYTHBIM
XONUH3PTK-cneundrnyecknm reHom X

Puc. A. Co3paHve MbILW C HOKAYTHbIM FEHOM TOJSLKO B XONIMHIPrUYeCKUX HerlpoHax
BbINOMHAETCA NyTEM CKpeLinBaHna (ONOKCUPOBAHHOW MbILLKW, Y KOTOPON WHTEepecy-
eMbli reH (reH X) pacnonoxeH mexay loxP-caitamu, ¢ Opyroi Mbilbio, Y KOTOPOWA
Cre-pekomMbuHasa KoHTponmpyeTca npomMoTopoM XAT. 'eH X oTcyTCTBYET Yy NOTOMKOB
NULWb B KneTkax, akcnpeccupytowwmx Cre, T.e. B XONMHIPrU4ECKUX HeNpoHax

3acTtaBvB 3TOT TPaHCreH koavpoeaTth pnyopecuUeHTHbIR 6ENoK, Mbl CMOXEM UC-
nonb3oeaTtbh HNyopecUeHUMIO AN U3y4eHNs CTPYKTYPbl U CBA3EIN XONMHIPTNHECKMX
HenpoHoB. ECnn Mbl 3aCTasnM 3TOT TPAHCreH KOAMpoBaTb 6enoK, KOTOPbIN n3nyyaet
CBEYEHWE TONbKO NPY BO3HUKHOBEHWWN B HEMPOHE 3NEKTPUYECKNX MMNYNbCOB, TO CMO-
XKEM M3y4aTb aKTMBHOCTb XONMUHIPrUYECKUX HEMPOHOB, (OMKCUPYS BCMbILLKM CBETa.
Ecnu Mbl 3acTasuM 3TOT reH KogmpoBaTtb 6enok, KOTopbli ybusaeT wnm 3arnywiaer
HEMPOH, Mbl YBUOWM, Kak CcTpagaeT (OYHKUWMA roONOBHOrO Mo3ra npu OTCYTCTBUM XO-
NVH3PINYECKUX HEMPOHOB. MaHUNynaummM Hag XONUHIPrMYECKUMU HEMPOHaMK, BO3-
MOXHble 6narogaps 970 0COB6EHHOCTN FTEHHOWN UHXXEHEPWW, OrPaHNYEHbI NULLIB BOOO-
paxeHvneM nccnegosaTens.
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Cre-pekombuHasa

akcnpeccupyetcs
TONbKO B
LoxP LoxP XONMHIPTNYECKUX
M ~
CTon-KoaoH RpEAGRER T HENpOHax

l'eH, KOAVpYIOLLWIA

" » TpaHcren X

CunbHBbIA NPOMOTOP p JAK Cre-pekoMBuHagy

« 7 <« ‘?\‘
Poautenn X

TpaHcreHHas Mbillib XAT-Cre MbilWb

Lox-Cron-Lox Cron-KopoH
B )C2U/€H TONbKO B KNeTKax,
akcnpeccupytowmx Cre

TpaHcreH X akcnpeccupyercs
TOMBKO B KNeTKax, akcnpeccupyloLmx Cre

MoToMok

XonuHapruyeckas
HelpOoH-cneLmduyeckas TpaHcreHHas Mblllb

Puc. B. VlHTepecytowmii Hac TpaHcreH (TpaHcreH X) TakxKe MOXEeT 3KCnpeccupo-
BaTbCA UCKIOYUTENBHO XONMUHIPrMY4ECKUMU HeipoHamu. MepBbiM AenoM BbIBOAUM
Mbllb, Y KOTOPO 3KCMPeccus TpaHcreHa npepoTspalleHa BBeAeHWeMm (hrioKcupo-
BaAHHOMO CTOM-KOAOHA MeXAY CUNbHLIM FEHOM-NPOMOTOPOM U 30HOW, KOAWPYIOLLEN
6enok. CkpewimsaHne 3To Mbiwm ¢ XAT-Cre MbIWbIO AacT NOTOMCTBO, Y KOTOPOro
CTOMN-KOAOH YAaneH TONbKO B XONUHIPrU4ECKUX HeMpoHax, 4To No3sBonseT 3Kcnpec-
CWIO TPaHCreHa TOJbKO B 9TUX HepoHax

OcHOBHas 3alaya aCTPOLIMTOB 3aKJIIOYAETCS B PETYJIALIMI COCTABa GHEKAEMOY-
Hot scudxocmu. Hanpumep, acTpOLUThl OKYTHIBAIOT CHHANTHYECKHE COeJUHe-
HuUA (puc. 2.25), TeM caMbIM U30JIMPYs YTEUKY BblAEJIIEMbIX MOJIEKY] HelipoMe-
Juatopos. [ToMuMo aToro, Ha 060J104KaxX aCTPOLIUTOB UMEIOTCS OCOObIE GEJIKH,
KOTOpPbl€ aKTUBHO YAIAIOT MOJIEKYJIbl HEfpOMEIUaTOPOB U3 CHMHANITHUYECKOMH
menu. HeprapHee M HeoXHJaHHOE OTKPBITHE IOKA3IO, YTO HAa MOBEPXHOCTU
060JI04€K aCTPOLIUTOB TaKXKe UMEIOTCS PeLeNITOPbI K Hei poMeJuaTopaM, KOTo-
pble, IOZOGHO peLienTopaM HeiipOHOB, CIIOCOGHBI 3aIyCKaTh dJEKTPUYECKHUEe U
XMMHMYECKHe COObITUA B KIeTKe MU, [JoMHUMO perynsiuu HeiipoMeauaTopos,
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aCTPOLUTHI CTPOTO KOHTPOJHUPYIOT BHeE-
KJIETOYHOE COJI€pPXKAHUE OIpeAeJeHHbIX
BEIIECTB, KOTOPbl€ MOTYT HAapyIMTb HOP-
MajibHyI0 (PyHKIMIO HeipoHoB. Hampu-
Mep, aCTPOLMTHI PETryJupyIOT KOHIEH-
TPaLMIO MOHOB Kalus BO BHEKJIETOYHOM
IPOCTPAHCTBE.

MvenuHusupytowias rnms

B omiuuune ot acTtpouuToB, yHKUMA

OJIMTOACEHAPOILIMTOB %4 IIBAHHOBCKHX
Puc. 2.24. ActpouunT. ACTpoumnTbl 3a- P 5 6
HUMatoT 6OJ1bLLIyl0 yacTb o6beMa Mo3- KJIE€TOK COBCleIeHHO SICHA. Ta INIUA O

ra, He 3aHATOro HeMpoHaMu U KpoBe- pa3yeT 060110‘-“(1/[, OKpYyXaluunue aKCOHbI.
HOCHBbIMM cocyiamm AnaTtoM u3 BocToHCKkOro yHMBEpCUTETA

Anan Tlutepc, nUOHep 3JIEKTPOHHO-MHK-
POCKONIMYHOTO M3y4E€HUsS HEPBHOI CUCTEMBI, [MOKa3aj, YToO 3Ta 06epTKa, Ha-
3BaHHasl MMEeJMHOM, OKYTbIBA€T CIMpaJbi0 aKCOHBI Mo3ra (puc. 2.26). M3-3a
TOrO, YTO AKCOH CUAUT B 3TOI 060JIOYKE BECbMA IUIOTHO, MOAOGHO MEUY B HOX-
Hax, BCE 3TO NOKPbITHE HA3bIBAIOT MuUeLurogol oborouxoi. [lokppiTHE NEepuoau-
YeCKH NPOpPHIBAETCA, OCTABJIAA Y3KHUE IPOCTPAHCTBA C HEMPUKPBITONH 060J104-
KOi1 aKcOHa. DTH 30HbI Ha3bIBAIOTCA MepexBaTaMu Pausbe (puc. 2.27).

MocTeuHantuyeckmii  OTpocTOK
LumMn pexapuTa actpouuTa

MpecvHanTuyeckas
f TepMuHab aKcoHa

Puc. 2.25. AcTpouuT OKyTbiBaeT CUHanc.
Ha 3anekTpoHHOM MMKpoghoTorpacmmn TOHKOro
cpesa 4Yepe3 cuHanc nokasaHbl NpecuHanTu-
Yyeckan TepMyHanb akcoHa (3eneHas), nocT-
CUHaNTUYECKMIA WKNN AeHApUTa (KENTbin) w
OTPOCTOK acTpouuTa (CUHWIA), KOTOpPbIN 3aBO-

payvBaeTcs BOKPYr HWX, OrpaHu4MBasn BHe- Puc. 2.26. MuenuHu3upoBaHHble
KIeTo4HOe NpocTpaHcTBo. (M306paxkeHne BONOKHa 3pUTENIbHOro Hepea B No-
npepocTasunm Dr Cagla Eroglu and Dr. Chris nepe4yHom ceveHun. (MN3obpaxeHve

Risher, Duke University) npepocTasun Dr. Alan Peters)
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Onuropgexopouunt

MuennHosas
obonoyka

Unutonnasma Mepexeat
onurogeHapoumTa PaHBbe MuTtoxoHapus

Puc. 2.27. OnurogeHapoumT. Moao6HO WBAHHOBCKUM KNEeTKaM, pacnonoXeHHbIM B
HepBax Tena, ONmMroaeHApPoUMTLI 06pasyloT MUENUHOBLIE 060MO4KN aKCOHOB B rOJIOB-
HOM ¥ CNUHHOM Mo3re. MuenvHoBas 060n04Ka akcoHa UMeeT nepuoanyeckue npobe-
bl B MecTax nepexsaTtos PaHBbe

B m1aBe 4 Mbl y3HaeM, 4YTO MHMEJIMH CJIYXUT JJIs YCKOPEHHUS IPOXOXAECHUA
HEPBHOTO MMITyJIbCa MO aKCOHy. OJIMrOAEHJPOLUTBI U IIBAHHOBCKUE KJIETKHU
Pa3JUYyaloTCsl CBOMM PACIOJOXEHUEM U HEKOTOPBLIMHU JAPYTMMHU XapaKTepuC-
TukamMu. Hanpumep, OJMroJeHApOIIMs PaCMOJOXEHA IIaBHbIM 0OOpa3oM B
LEHTPAIbHOI HEPBHOI cUcTeMe (FOJOBHOI M CIIMHHOI MO3T), @ IIBAHHOBCKHE
KIETKH — UCKIIOYUTEJILHO B NepudepuyecKkoil HepBHOII cucTeme (3a mpeje-
JJaMM Yeperna U Mo3BOHOYHHMKA). Jpyroe BaxxHO€ OTJIMYME COCTOUT B TOM, YTO
OJIMTOJE€HAPOLUTBI 06ECIIEYNBAIOT MUEJINHOM HECKOJIbKO aKCOHOB, B TO BpeMs
kak x1eTku llIBaHHA MOKPBIBAIOT OJUH aKCOH.
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Mpoune KneTku rnumn

Jlaxxe ecyiv Mbl ylaIMM BC€ HEHPOHBI, BC€ OJIUTOJE€HAPOLUTLI U BCE aCTPOLU-
Thbl, B MO3Ty BCE €llle OCTAHETCS MOJHO KJIETOK. Bo-nepBbIxX, 3TO aneHIuMab-
Hble JUI€TKH, BLICTUIAIOIME JUKBOPHbIE MTOJIOCTH MO3Ta U Urpaloliye poJb B
yIpaBJI€HUHU KIETOYHOH MMrpalMei Ha CTafuM pa3BUTUSA Mo3ra. Bo-BTopbIX,
KJIACC KJIETOK, Ha3bIBA€MbIil MUKPOTIHE, BbINOIHAET PYHKIUU (PATOLUTOB 10
yAaJ€HUIO MEPTBBIX TKAHEH Mocje THOeIU U JereHepalii HEPOHOB U IIMH.
IMocnenHee BpeMs MUKPOIIMA CTajla IPUBJIEKATh BCe GOJbIIe BHUMaHUsA, IO~
CKOJIbKY OKa3aJ0Ch, YTO OHA Y4acCTBYeT B PEMOJEIMPOBAHUM CHHANTHYECKUX
cBaA3eil myreM ux nomromenusa. Kak bl Bugenu Bo Bpeske 2.3, MUKpOIIMsS
MUTpHUPYET B MO3I' U3 KPOBH, a HapyllleHHe 3TOil HHBa3UU MUKPOIIUU MOXET
BJIMATb Ha PYHKIIMU MO3ra U nosejaeHue. M aTo HeyIUBUTENLHO — Beb B MO3-
Iy IPOMCXOJUT KPOBOOGpallleHHE: apTEPUH, BEHBI U KaIMJLISAPbI JOCTABJISIOT C
KPOBBIO HEOGXOAUMbIE MUTATEIbHbIE BEIECTBA U KMCJIOPO/J K HeiipoHaM.

PE3IOME

MayyeHune CTPyKTYypHBIX XapaKTE€PUCTHK HEIPOHA MO3BOJISET MOHATDb, KaK
B3alMOCBSA3b CTPYKTYpbl M (PYHKIUM NO3BOJISIET paboTaTh HEpOHaM U pas-
JUYHBIX UX 4YacTeil. Hanpumep, oTcyTcTBue pu60COM B LIUTOIJIa3Me aKCOHa
NIO3BOJIMJIO C/A€JAaTh IPaBUJIbHOE MPEAINONOXKEHUE O TOM, YTO GEJIKY NOMafaloT
K TEPMMHAIAM aKCOHA U3 TeJIa ITyTEM aKCOHHOTrO TpaHcnopTa. boibioe koam-
4YeCTBO MUTOXOH/IPHI1 B TEPMUHAJIAX aKCOHA CBUJETENLCTBYET 06 UX BbICOKOIT
norpe6HOCTH B 3HepruM. CioxHas pa3BeTBJIEHHAs CTPYKTypa AE€HAPUTHOTO
JlepeBa KaXeTcs UAEATbHO NOAXOAAIEl A1 IpueMa BXoJd el nHpopMauuu,
U AeCTBUTEIBbHO, UMEHHO 3/1eCh 06pa3yeTcst GOIbIIMHCTBO CHHAIICOB C aKCOHa-
MU JIPYTUX HEiIpOHOB.

Co Bpemen Huccas mepoxoBaTbiif 9P cUMTaOT BaXHOH OCOGEHHOCTBIO
HelfpoHOB. UTO 3TO rOBOPUT HaM O HeifpoHax? BcmomuHuTe, 4TO WIEPOXOBa-
Thiit DP ABJIAETCA MECTOM CHHTE32a GeJIKOB, IpeJHA3HAYEHHbIX /IS BILJIETEHUSA
B 060J104KYy. Jlanee Mbl y3HaeM, KaK pa3ju4yHble 6€J1KH 060I0UKH HEPOHA NpHU-
JAIOT €My YHUKaJIbHbI€ CIIOCOGHOCTHU NE€pPeaBaTh, IPUHUMATb U XPAHUTDb UH-
¢opmanuo.
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KnioueBble TEpMUHDI

Bcerymrenne

KJIeTKA [JIMU

HENpOoH

Heiiponnasa nokTpuHa
aKCOH

TUCTOJIOTUS

JEeHApPUT

metona Huccas
HEUPUT

HellpOHHas JOKTpUHA
okpacka 1o JTosabaxu
IepUKapUOH

coMa

TeJIO KJIeTKU
IIUTOAPXUTEKTypa

ITpoToTHnMYHbI HelipoH

aKCOHHBII 6yropok

AKCOHHBII TPAHCIIOPT

aMHHOKMCJIOTA

aHTerpajgHblil TPAHCIIOPT

AT® (ageHosunTpHUpOCHAT)

reH

reHHas UHXXEHepus

reHOM

IJIAKUI 3HAOIJIa3MaTUYECKUI
peTuxyaym (rmaaxuit P)

JIeHpUTHOE JI€PEBO

JEHIPUTHDII LIUITUK

JHK (ne30xcupuGOHYKIEeMHOBAs
KHCJIOTA)

HMHHepBanus

uPHK (undopmannonnas pu6o-
HYKJIEMHOBasl KUCJIOTA)

KOJIJIaTepajlb aKCOHa

komriekc [obxu

MeMGpaHa HelpoHa

MHUKPOTPY6OUKa

MHKPO(]UIAMEHT

MUTOXOHAPUSA

Moau(UIPOBAHHAS MbILIb

HelipoMeauaTop

HelpoduiamMeHT

HOKayTHasi MblIIb

oprasesa

nospudocoma

IIPOMOTOP

IPOTEUH

peTpOrpajHblii TPAaHCIOPT

peuenTop

pubocoma

CHHarc

CHUHaANTUYECKas nepejaya

CUHANTHYecKas meb

CUHANTUYECKUIT My3bIPEK

CHUHTE3 IPOTEUHOB

crutaiicuar PHK

TEPMUHAIb aKCOHA

TepMUHAIbHASA GJIsALIKA

TepMHHaJIbHasg KpOHa

TpaHCreHHas MbIlllb

TPaHCKPUIILHUS

TpaHCAALUs

(paxTOp TPAHCKPUILIUU

Xpomocoma

UUTO30J1b

IUTOIIa3Ma

LUTOCKEJIET

HI€POXOBaThIi1 3HOIIa3MaTHde-
CKMi1 peTUKYJIyM (LIepOoXOoBa-
Thii IP)

3KCIpeCccUs TeHOB

Aapo

Knaccndpukanus neiiponos

6GECIIMITUKOBBIN HEIPOH
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OUNONAPHBIA HEHPOH IIMIIMKOBBII HEHPOH
BCTaBOYHbII HEIPOH Dus
JABUraTeJbHbIA HEHPOH acTpOLUT
3BeE3/[4aTas KIeTKa KJIETKA MHUKPOTTHH
3eJieHbli (pIyopecleHTHbII Ge- wietka IIIBanua

10K (3PB) MHUEJIMH
MYJITUNIOIAPHBIA HEHPOH OJIUrOIeHPOLUT
MEPBUYHbINA CEHCOPHbIN HEHPOH nepexsat Pausbe
[IMpaMUIbHAA KIETKA 3IEeHAMMAIbHAA KIEeTKa

YHUIOJAPHbIA HEHPOH

T

§§§ §§ Bonpocst gna caMmonposepKu

1. CdopmynupyiiTe HEIPOHHYIO JOKTPUHY OJHMM IPEUIOXKEHU-
eM. Komy npunagiexur ata uges?

2. Kakue yacTu HeilpoHa, He okpaluBaemsle o Huccio, crano-
BATCS BU/JHBI IIPYU OKPAILIMBAHIH MeTOAOM [oyb1xKH?

3. Kaxkue Tpu pusnyeckue XxapakKTepUCTUKH OTINYAIOT aKCOHbI OT
JEHAPUTOB?

4. Kakue u3 cjiefylolux CTPYKTyp YHUKaIbHbI JJI1 HEHPOHOB, a
Kakye HeT: AJpo, MUTOXOHAPHUH, lepoxoBaTelit OP, cuHanTu-
YecKHe My3bIpbKY, anmapart (koMriekc) [obmpku?

5. Yepes kakue stansl ungopmanus us JHK aapa ynpasaser cun-
Te30M MOJIEKY.]I MEMOPAaHHBIX GEJIKOB?

6. KosxunuH — npenapar, BbI3bIBaIOLIMIT paspylieHHe MUKPOTpY-
6ouek (xenoiauMmepusanuio). Kak aToT npenapaT nosJuseT Ha
aHTerpajHplil TpaHCIOPT? UTO NPOU3OHAET B TEPMUHAIAX AK-
COHOB?

7. Kiaccudpunupyiite nupamMujaibHble KIETKUM KOPbl MO3ra Io
(1) xoIMYeCTBY OTPOCTKOB, (2) HAUIMYHIO WM OTCYTCTBHUIO JIEH-
JPHUTHBIX LINNOB, (3) cBA3AM U (4) JUIMHE aKCOHa.

8. 3HaHMe reHOB, YHUKAJIBHO 3KCIIPECCHPYEMbIX JIMIIb B OJHOM Ka-
TEropuy HeHpPOHOB, MOXET GbITb MCIIOJIb30BAHO I NOHUMa-
HUs (yHKIMIT 3TUX HeiipoHoB. IIpuBeauTE NMpUMeEp TOro, Kak
BbI MCITOJIb30BAIU Gbl FEHETUYECKYIO HH(POPMALIMIO JJIS U3yde-
HHUS KaTerOp1H HEIIPOHOB.

9. Yro Takoe mMuenuH? Yto oH AenaeTr? Kakue xi1eTkn o6pasyior
muesauH B ITHC?
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Memb6paHa HenpoHa
B MOKOE

B arovi rnase...

BBEAEHUE

XUMUYECKWUN COCTAB KOMMNOHEHTOB
LIMT030nb 1 BHEKNETOYHAR XMOKOCTb
Bopa
WoHbI
@oconunmuaHan MmembpaHa
Benkn
CrpykTypa 6enka
benku kaHanos
WloHHble Hacocb!

NBWXEHUE NOHOB
Ovdhdbyama
OneKTpr4ecTso
WUOHHBIE OCHOBbI MEMBPAHHOIO NOTEHUWANA NOKOA
PaBHOBeCHbIe NOTeHUMansbI
Pacnpenenexne noHos No o6e CTOPOHbLI MeMOpaHb!
OTHOCUTENbHAA NPOHULAEMOCTb MEMOPAHD! AN MOHOB
B COCTOSIHUM MOKOA
Mup kanvesbix KaHanos
3HayeHne perynaymm HapyXXHOU KOHUEHTPpaUun Kamms

PE3IOME
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BBEOEHWE

JlaBaiiTe paccMOTpHUM, KaKHe HPOLECChl BO3HHKHYT B HEPBHOM CHCTeMe,
€CJIM BBl CJIY4aifHO HACTYIUTE HA KaHLEJSPCKYyIO KHomKy. Peaknus Bama 6yzer
aBTOMATH4ECKOM: Bbl BCKPHKHETE OT GOJIM ¥ OJHOBPEMEHHO OTAEPHETE HOTY.
YTo6bl 3TO MPOU3OULIO, HEOOXOAUMO, YTOGbI ITOBPEXJEHHUE KOXHU KHOIKOI
TpaHC(OPMHUPOBAIOCH B HEPBHbIE CUTHAIbI, KOTOpbI€ FapaHTHPOBAHHO U C
6OJIbIION CKOPOCTBIO NMEPEMECTIUIMCH MO JJIMHHBIM YYBCTBUTEJIBHBIM HEPBaM
HOTU. B CIMHHOM MoO3re 3TH CUTHAIBI IepeaaloTcsd UHTepHelpoHaM. OfHU U3
HUX CBA32HbI C TEMHU yYaCTKAaMH FOJIOBHOI'O MO3ra, KOTOPbl€ HHTEPIPETUPYIOT
3TH CUTHaJIBI Kak GoJjieBble. JIpyrue ske CBS3aHbI C MOTOHEHPOHAMHU, KOTOPbIE
yIpaBJsIOT MBIIIIAMM HOTH, OTAeprupalomumu cromy. TakuM o6Gpa3oM, ocy-
IECTBJIEHUE JJaXXe 3TOrO IPOCTOro pedJiekca, NOKa3aHHOro Ha puc. 3.1, Tpe-
6yeT OT HEPBHOI1 CUCTEMbI CIIOCOGHOCTH NPUHUMAMD, Nepedasams U 065e0UHAMD
CUrHaIbL. 3afayeil KWIeTOYHON HeHpO(pU3HOJOrUM ABJISIETCS U3yYyeHne GHOoJIo-
TMYeCKUX MEXaHU3MOB, JIXKANINX B OCHOBE 3TUX (PyHKIUH.

K ronosHomy mMoary \

CnuHHOM
MO3r

| (=
KnetouyHoe Teno
MOTOHENpPOHa

KneTouyHoe Teno
YYBCTBUTENBHOIO
HelpoHa

AKCOH
YyBCTBUTE/IbHOrO
HelpoHa

AKCOH —
MOTOHENpPOHa

Puc. 3.1. NMpoctoi pechnekc. (1) YenoBek HacTynaeT Ha KaHUENAPCKYK KHOMKY.
(2) MoepexpeHve Koxu TpaHcOPMUPYETCA B CUrHanbl, MocTynalowme Mo CeHCop-
HbIM HepBHbIM BOJIOKHAM (HanpaeneHve nepepa4 wHdopmauum nokasaHo crpen-
kamu). (3) B cnuHHOM Mo3re WHdopmauus noctynaet K WHTepHerpoHam. OpgHu 13
3TWX MHTEPHENPOHOB MOCHINAKT MO CBOMM aKCOHaM CUrHanbl B FOfIOBHOW MO3r — Me-
CTO BOCNpUATMA Gonesoro owlyuleHus. [pyrve o6pasyloT cuHancbl € AsUratenbHbl-
MU HeypoHamK, NOCbINAKOWUMU HUCXOAALLME CurHanbl K Mblwuyam. (4) UMnynbcbl,
uaywme no ABuratenbHbIM HEPBHbIM BONOKHAM, BbI3bIBAIOT COKpALLEHWe MbILL U OTAEpPru-
BaHWe CTonb!
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ITpo6.aeMy nepeaaun MHGOPMALIMM HA PACCTOSIHHE HEHPOH PElIaeT C IOMO-
IBIO 3JIEKTPUYECKUX CUTHAIOB, KOTOPbIE ABUXYTCA 110 aKCOHy. B aTOM cMbIcI€
aKCOHBI PaGOTAIOT NOJO6HO Tele(OHHbIM NPoBoAaM. OJHAKO Ha 3TOM aHAIO-
TUsl 3aKaHYMBAETCS, IIOCKOJbKY TUIl CUTHaIA, UCIOJb3YEMOTO B HEIIpOHe, 06-
YCJIOBJIEH CHELUAIbHBIM OKPY)XE€HMEM, CYLIECTBYIOUIMM B HEPBHOH CHCTEME.
ITo mMeanomy TeneoHHOMY NMpoBOAY MH(OPMALMS [EPEAAETCs Ha OrPOMHbIE
PacCTOSIHUSA C OTPOMHOI CKOPOCTBIO (MPMGJIN3UTENBHO B iBa Pa3a MEHbIIIE CKO-
POCTH CBeTa), TaK KaK NPOBOJ — OTIMYHBIII TPOBOJHUK 3/IEKTPOHOB, — UMEET
XOPpOIIYIO U30JIALMIO M IPH 3TOM BUCUT B Bodfyxe. (Bosxyx mioxo npoBoguT
371eKTpU4ecTBO.) [I03TOMY 3/1€KTPOHBI IBUXYTCS 11O IPOBO/Y, @ HE PaCCEUBAIOT-
¢s BOKPYT. B IpOTUBONOIOXHOCTb 3TOMY HOCUTENSIMU 3JIEKTPUYECKOTO 3apsja
B IIUTO30JIE aKCOHA SIBJISIOTCS HE JEKTPOHBI, a 3apsK€HHble aTOMbI (MOHBI).
H3-3a 3TOrOo 111TO30/1b KaK MPOBOAHUK TOPA3f0 XyXe, YeM MeJHbIi MPOBOJ.
Kpome Toro, akcoH He Tak XOPOIIO U30TMPOBAH M OMBIBA€TCS COJIEHOM BHEKJIE-
TOYHOM XUAKOCTbIO, CNIOCOGHOI NPOBOAUTD 3JIEKTPUYeCTBO. Tak ke, Kak Boxy
HeJIb3s1 MOAaBaTh Ha GOJIbIINE PACCTOSHUSA IO AbIPSIBOMY CaJOBOMY LJIAHTY, TaK
Y 3JIEKTPUYECKUIT TOK HeJIb3s NlepefaTh JaIEKO 10 aKCOHY M3-3a yTeYekK.

K cuacTbio, Mem6pana akcoHa 06JaflaeT CBOMCTBaMM, MO3BOJAIOUUMU €M
IIPOBOAUTDL CUTHAI OCOGOTO THUIIA — HEPBHBINA MUMITYJIbC, UJIM MOTEHIMAT Aeii-
CTBUA, — NIPEOJI0JIeBas 3TU GHoJIorndyeckue orpanndenus. Kak mbl ckopo yBu-
JUM, TEPMUH “NOTE€HLUaN” KACAeTCs pa3jie/eHUs 3JEKTPUYECKOro 3apsjia Io
pa3Hble CTOPOHBI MeMOPaHbl. B oTiinune oT naccuBHO nepeaBaeMbIX 3JIEKTPU-
YECKUX CUTHAIOB, CUJA MOTEHLUAIOB AEHCTBUS HE YMEHBIIAETCA C paccTos-
HHUEM; UX aMILIMTYJa U JAJIUTENbHOCTh NOCTOAHHBL MHdopmanusa koaupyercs
YaCTOTOI X BO3HMKHOBEHUS B OTJEJbHBIX HEIIPOHAX, a TaKXKe KOJHUYECTBOM
HEHPOHOB, FeHEPUPYIOUMX NTOTEHIUAbl AEICTBUSA B KOHKPETHOM Hepse. Ta-
KO TUIl KOAMPOBAaHUSA YEM-TO HAllOMMHAET KOJ Mop3e, KOTOPbIi MCIOJb30-
BICA NPH Iepejaye IO CTapbiM TejerpagHbIM NMPOBOJaM, Korja MHdopma-
1Us KOJUPOBaIaCh HAGOPOM 3JIEKTPUYECKUX UMIYJIbCOB. [IpUHATO rOBOPUTS,
YTO KJIETKHU, CIIOCOGHBbIE r€HEPUPOBATh U MPOBOAUTD MMOTEHIMAT ACHCTBUSA, K
KOTOPBbIM OTHOCATCS HEPBHBIE U MbILIECYHbIE KIETKH, 00Jafal0T BO30YAUMOI
MeMmOpaHoii'. “/leiicTBue” B mOTEeHIHAIE AEHCTBUS MPOUCXOAUT HAa MeMOpaHe
KJIETOK.

O xretke, obiagalouieit BO3GYAMMOII MEMOpPaHOil, HO He TeHepupyloleit
HIMITYJIbChI, TOBOPAT, YTO OHA HAXOJUTCA B COCTOSAHMU nokos. LluTo3ob Heil-
POHa Ha BHYTPEHHEI NOBEPXHOCTH MeMOPaHbl B COCTOSHUM MOKOSI UMEET OT-
PpHULATEIbHBIA 3aps] MO OTHOIIEHUIO K BHEKJIETOYHOMY NPOCTPAaHCTBY. JTa

o

! B oTeuecTBEHHOI Y4eGHOI TNTepaType MCIOIb3yeTC MOHATHE “BO3GYAMMBIX TKaHei”,
K KOTOPbIM, TOMNMO HEPBHOI U MBIIIEYHO}{, OTHOCHUTCA XKeJIE€3UCThIi anuTeanit. — Ilpu-
Meu. mep.
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Pa3HHUIA 3JIEKTPUYECKOTO 3aps/ia M0 pa3Hble CTOPOHbI MEMOPaHbI Ha3bIBAETCA
MeMOpaHHBIM NOTEeHIMAIOM MOKOA (MM NOTeHUUanioM nokos). [Torenman
JeCTBUSA MpEeACTaBISgeT COG0H MPOCTO KPaTKOBPEMEHHOE U3MEHEHME 3TUX
3apsAJ0B: HaIpUMep, Ha NMPOTMKEHUU OJHON ThICAYHON CEKYH/bl BHYTPEHHAA
IIOBEPXHOCTb MEMGPAHbI CTAHOBUTCS 3APSKEHHOI! IOJIOXHUTENBHO 10 OTHOIIE-
HUIO K HapyxHOM. UToObl pa3o6paThCsi B TOM, KaK HEIPOHbI MOCHLIAIOT CBOU
CUTHAJIBI, CIEAYET MOHATh, KAK MEMGPaHa HEIPOHA pa3fiesifeT 3JeKTpUIecKue
3apsAabl B COCTOSSHUY MOKOS, KaK IPOUCXOAUT KPaTKOBPEMEHHOE Nepepacrpe-
JleJIeHUe 3apsJ0B yepe3 MeMGpaHy BO BpeMs IMOTEHIMaa JeHICTBUSA U YTO 06ec-
ne4yuBaeT HaJieXXHOE IPOBeAEHUE UMITYJIbCa 110 aKCOHY.

B 3Toi1 r1aBe Mbl HauHEM U3ydyeHHE PaGOTHI HEHPOHA C MEPBOro BOMpPOCA:
Kak obpa3yeTcs MeMGpaHHbIil moTeHual nokos? [ToHuManue noTeHuMana no-
KOsl MEMOpaHbl KpaiiHe BaXHO, HOTOMY YTO 3TO JIEXUT B OCHOBE IIOHUMaHUs
BCEi OCTAIbHOMN KIETOUHOMH (pu3nosoruu HeifpoHa. [Tonumanue ¢pusnosoruu
HeiipoHa ABJISETCA KIOYEBbIM IS TIOHUMAHUS (PU3MOJIOTHM U, CJIeJJOBATEb-
HO, CIOCOGHOCTE} U OrpaHU4YeHMIT PyHKLIUIT MO3Ta.

XUMUYECKNI COCTAB KOMMOHEHTOB

PaccMoTpenne meM6paHHOro NOTEHIMAIA TIOKOS Mbl HAYHEM C ITpEJCTaBJIe-
HMS YUTATEJIO TPEX OCHOBHBIX KOMIIOHEHTOB. 9TO COJIEBbIE PACTBOPHI IO 0GE
CTOPOHBI MEMOPaHbI, caMa MeMGpaHa U 6€JIKU, BCTPOEHHbIE B MeMOpany. Kax-
Ablif U3 HUX OGJAfaeT ONIpeJeeHHbIMU CBOIICTBAMU, UMEIOIUMU 3HauYeHUe
npyu 06pa3oBaHUM NOTEHIIMAA TOKOS.

LMTo30b U BHEKNETOYHaA XUAKOCTb

Bopa sBnsieTcs mIaBHbIM KOMIOHEHTOM KaK JKMAKOCTH, HAXOZASAIIEICA BHY-
TPU HEHPOHA — BHYTPUKIETOYHON XUAKOCTH, WM LIUTO30JIsA, — TAK U XXUAKO-
CTH, OMbIBaIOLIE HEPOH CHApYXH, — BHEKJIETOYHOM XUAKOCTHU. JJIeKTpUYe-
CKM 3aps)K€HHbIE aATOMbI — HOHbI, — paCTBOPEHHbBIE B 3TOi1 BOJE, 06€CIIeYNBAIOT
MOTEHIUA TOKOS U MOTEHIIHNAI AeHCTBUS.

Bopa

Ceifyac caMbIM BaXXHBIM /I HAC CBOMCTBOM MOJIEKYJIbI BOJbI ABJIAETCS He-
PaBHOMEPHOCTb pacnpe/ieleHUsl B Hell 3JIeKTPUYECKOro 3apaja (puc. 3.2, a).
JlBa aTomMa BOZIOPO/ia U aTOM KHCJIOPO/ia CBA3aHbI B Hejl KOBaJ€HTHO — 3TO O3Ha-
YaeT, YTO y HUX UMEIOTCS o6uMe 31eKTPOHbl. OJJHaKO aTOM KMCJIOpPOJa PUTS-
TMBaeT 3JIEKTPOHBI FOpa3/io CUJIbHEE, UeM aTOM BoJiopoJa. B pesyibraTe o6uue
3JIEKTPOHBI TOpa3 o 60Jibllle BPEMEHU “IPOBOJAT” C aTOMOM KHCJIOPOJA, YEM C
aToMaMM Bofopoja. [ToaTomy aToM KHCIOpPOZa NPUOGPETAaET OTPUIATEIbHbII
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3aps/ (MOCKOJIbKY Y HErO NOSIBJISAIOTCS JOIIOJTHUTE IbHbIE 3JIEKTPOHBI), 2 ATOMbI
BOJOPOJA — CyMMa PHbIil OJIOXUTENbHBII 3apaA. BoT nouemMy roBopsr, 4To Mo-
nexyna H,O aBiseTcs noJApHOM’, yIEPXKUBAEMOMN NOAAPHBLMU KOBALEHMHBLMU COA-
3Amu. DNEKTPUYECKAs MOJAPHOCTD J€JaeT BOAY NMPEKPAaCHbIM PacTBOPUTEJIEM
JUISL APYTUX 32pSXEHHBIX MM NOJIAPHBIX MOJIEKYJI; T.€. APYTHe MOJISpHble MoJle-
KYJIbl CTPEMSATCS paCTBOPATHLCS B BOJE.

Y Y
Kpuctann NaCl Na*unCI,
(6) PaCTBOPEHHbIE B BOfE

Puc. 3.2. Bopa — nonsipHbiii pacTBopuTeb. (a) Pa3Hble npeacTasne-
HWSi aTOMHOW CTPYKTYpbl MOMeKy bl Boabl. ATOM Kucnopoaa obnapjaet
CyMMapHbIM OTpyUaTenbHLIM 3apsaoM, a aToMbl BOAOpoaa — CyMmap-
HbIM NONOXWTENbHBLIM 3aPRA0M, HTO AenaeT BOAY NONAPHON MONEKYNON.
(6) Kpuctann xnopvaa HaTpua pacTBOPSETCA B BOAE, TaK KaK NONSAPHbIe
MONEKY bl BOAbI NPUTArMBAIOT K C€6e 3NEeKTPUHECKW 3apPSXKEHHBIE NOHbI
HaTPUA 1 xNopa CUnbHee, 4em Te NPUTArMBatOTCA APYr K Apyry

WoHbI

ATOMBI (MM MOJIEKYJIbI, MMEIONIME CYMMapHbIi 3IEKTPUYECKUil 3aps)) Ha-
3pIBaloTct moHaMu. Hanpumep, cTosoBast cosib npecTaBiseT cO60i KpUCTAILT,
cocrosmuii u3 noHos HaTpus (Na*) uxyopa (Cl'), yrepxrBaeMbIX BMECTe CHIIOMN
3JIEKTPUYECKOrO MPUTSDKEHUS, KOTOpas BO3HUKAET MEXAY NPOTUBOIOJIOXKHO
3apshKeHHbIMU aToMaMu. Takoe NpUTsKEHHNE Ha3bIBAETCHA UOHHOU c8a3v10. CONb
GBICTPO PaCTBOPSIETCSA B BOJAE, MOCKOJIbKY 3apSDKEHHbIE YYaCTKH MOJIEKYJIbI
BOJBbI IPUTATUBAIOT K ce6e 3TH MOHbI CHJIbHEE, YeM T€ IIPUTATUBAIOTCSA APYT K
apyry (puc. 3.2, 6). OTOpBaBIIICh OT CBOEr0 KPUCTALIA, MOH OKA3bIBAETCS OKPY-
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XEHHBIM 0GO0JIOUKOI, COCTOSAMIEH U3 MOJIEKY BOAbI. Kaxplil mosoxuTebHO
3apsKEHHBI HOH (B JaHHOM ciyyae Na*) OKpyXeH MOJIEKyJaMH BOAbI, oGpa-
IEHHBIMU K HEMy aTOMaMM KHCJIOPOJa (OTPUIATENbHO 3apsHKEHHBIM IIOJIO-
com). TouHo Tak xe KaxJblil OTpULIATEIbHO 3apsxeHHbIN HOH (Cl7) okpyxeH
MOJIEKYJIAMH BOJIbl, OOpaIeHHbIMU K HEMy aTOMaMH BOAOPOJA (CyMMapHBIM IO~
JIOXUTENbHBIM 3apAA0M). ITU 060JOYKU U3 MOJIEKY] BOJAbI, OKPYXaIOIHe KaX-
Ablil NOH, Ha3bIBAIOTCS 2udpamuvimu chepamu; OHU U3OTUPYIOT KX AbIN HOH JPYT
OT Apyra.

INEKTpUUYECKHUIl 3apAJ aTOMA 3aBUCUT OT Pa3HOCTH B KOJIMYECTBE €rO Mpo-
TOHOB U 3JIeKTpOHOB. Ec/iM 3Ta pa3HOCTh paBHa 1, MOH Ha3bIBAETCS 00HOBANEHM-
HbLM; €CTTH 2 — TO 08yxsasenmmbim, U T.J. VIOHBI, UMeIOIME CyMMapHbIi 110JI0-
XUTENbHBI 3apsifl, HA3bIBAIOTCS KaTMOHAMM; OTPULATE/NbHBII — aHHOHAMM.
3anmoMHuUTE, YTO MOHBI ABJIAIOTCSA NIABHBIMU HOCUTEJIIMU JIEKTPUYECKOTO 3a-
psza B GMOJIOrMYECKUX CUCTEMAX, B TOM YHCJIe U B HellpoHax. JIJ1s1 KiIeTouHOI!
Hepo(U3N0JOrul 0COGEHHO BaXXHbI OJHOBAIEHTHbIE KATUOHBI Na* (HaTpuii)
n K* (xanmit), gByxBajeHTHbI kaTHOH Ca?" (KaIbLMil) U OJHOBWIECHTHBIA aHU-
oH CI" (xs10p).

®docchonmnuaHan membpaHa

Kax MbI BUsI€11, BemecTsa, 06Jajaolye 3apsaAoM UM 3aps] KOTOPbIX pac-
npejeJieH B MOJIEKYJle HepaBHOMEPHO, PaCTBOPSIOTCS B BOJie GJIarofaps noJsp-
HOCTH MOJIEKYJI BOJBI. ITU BELIECTBA, K KOTOPbIM OTHOCSATCS MOHBI U NOJIIPHbIE
MOJIEKYJIBI, Ha3bIBAIOT 2udpodussiowmu (“mobsamumu soay”). B To e Bpems co-
€JMHEHU S, aTOMbI KOTOPBIX CBA3AHbI JPYT C IPYTOM HENOALPHOMU KOBANEHMHBLMU
C8A3AMU, HE CIIOCOGHBI XMMUYECKH B3aUMOAENUCTBOBATh ¢ Bonoit. HenosspHas
KOBIEHTHAs CBSI3b BO3HUKAET B TE€X CJIy4yasX, KOrJa o6Iiue 3J1eKTPOHbI paBHO-
MEPHO pacnpejessioTCs [0 MOJIeKyJle TAKUM OOpa3oM, 4TO HHUKAKas ee 4acThb
He IpUOGpPeTaeT CYMMaPHOrO 3JIEKTPUUYECKOro 3apsja. Takue BeuiecTsa He pac-
TBOPUMBI B BOJI€ U HA3bIBAIOTCA 2udpodobnomu (“6oamumucs Boabr”). CaMbiM
3HAKOMBIM NPUMEPOM TUAPOGPOGHOTro COEJUHEHUS fABJIAETCH PAaCTUTETbHOE
MacJIo: KaK M3BECTHO, MacJjIo U BOJa He cMemuBaloTcs. JIpyroit mpumep — aunu-
0bt, KUIACC BOAIOHE PACTBOPHMBIX GHOJIOTMYECKUX MOJIEKYJI, U3 KOTOPBIX COCTOST
KJIETOYHbIE MEMOPaHbI. JIMnuabl MeMGpaHbl HEHPOHA YYaCTBYIOT B G OPMUPOBa-
HUM NOTEHLIMaIa AEHCTBUSA U OTEHIMaIA ITOKOs 6Jarojaps ToMy, 4To o6pa3y-
10T 6apbep JJIs BOAOPACTBOPUMBIX MIOHOB U, KOHEYHO, JJISl CAMOM BOJbI.

II1aBHBIM CTPOUTEJILHBIM MaTEPHAJIOM KJIETOYHBIX MEMOPaH SIBJISIOTCS Poco-
sunudsl. [lono6HO ApyruM aunujgaM, gocdogunuabl UMEIOT JUIMHHbIE He3aps-
JKEHHBbIE 1IEII0YKH aTOMOB YIIEPO/Jia, CBA3aHHBIX C aTOMaMu Bojgopoaa. OgHako,
KpOMe 3TOro, Ha OJJHOM KOHIle (OCGOIUINIHON MOJIEKYJIbI IMEETCS 3apsiKeH-
Has ¢pocdaTHas rpynna (aTom ¢ocgopa, COEJMHEHHBII ¢ TPEMs aTOMaMU KHC-



Maea 3. Mem6pana HelfpoHaB nokoe 113

Jopoja). JTa Tak HasblBaeMasl “TOJIOBKA” MOJIEKYJbI (coaepxamias ¢ocdat)
ABJAETCA TUAPOGUIBLHOIM, 2 He3aPMKEHHBIH “XBOCT” (COCTOANIMIT U3 yIIeBOJO-
poaa) — ruaApodOGHBIM.

Mewmb6pana HelipoHa COCTOUT U3 ABYX cyoeB (pocdonunuanbix moaekyr Ha
puc. 3.3, Ha KOTOPOM IIOKa3aHO NONEPEYHOE CEYeHNe MEMOPaHbI, Bbl BUAMTE,
4YTO ruAPOUIbHbIE TOJIOBKU OO PalleHbl K HAPYXHOI U BHYTPEHHEI CTOPOHE, K
BOJHOI cpejie, a ruipo¢O6HbIE XBOCTBI HANPaBJIEHbI APYT K APYTY. ITO CTaGUIb-
HO€ PacIIoJIOKEHHE, KOTOpOe Ha3bIBaeTCs (pOCOIUNMIHBIM OUCT0EM, N
ABOMHBIM cioeM ¢ochoTUnnAOB, UrPAET POJIb 3JTEKTPHUYECKOTO U30JIATOPA,
OTJEJISIOIErO LIUTO30/Ib HEIPOHA OT BHEKJIETOYHOM XKUJIKOCTH.

Monspras “ronoska”,
cofiepxallas
docdatHyio rpynny
HenonsapHbin “xBocT”,
coaepxalLuii
yrnesoaopos

PRI ot
E ngmw DW Al ﬂﬁlsg i | Gucnom

BHYTPEHHss NOBEPXHOCTb

Puc. 3.3. ®occhonmnugHblil 6Ucnoin. doconunuaHblii GUCNON ABNAETCA OCHOBON MeM-
6paHbl HeilpoHa; oH o6pa3yeT 6apbep ANA BOAOPACTBOPUMbIX MOHOB

Benku

Tun v xapakTep pacnpesesieHus GeJTKOBbIX MOJIEKY/l B HEHfPOHAX OTIMYAETCs
OT JPYrux KJI€TOK. d5epMeumu, KaTaIN3UPpyomMe XUMHYECKHE PEAKIINY BHYTPH
HeHPpOHa, yumockesem, NIPUAAIONLINIT HEHPOHyY ero crienuduueckyio popmy, peyen-
mop'bt, 9YBCTBHUTEJIbHbIE K Hex‘/‘xpOMezmaTopaM, — BCE OHU COCTOST U3 GEJIKOBBIX
Moseky1. [ToTennuan nokos U NOTEHUHAT JEHCTBUS (l)OpMPIPYIOTCH 6J1arogaps
0COObIM 6€JIKaM, PACHOJIOXKEHHBIM B hocoHnuIHOM 61c0e. ITU 6eJIKU 06pa-
3yIOT IIyTH, 110 KOTOPbIM UOHbI IPOHUKAIOT CKBO3b MEMOPaHy.
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CtpykTypa 6enka

Beskn umeioT pasnyio ¢popmy, pasmepbl 1 XMUMHUYECKHE CBOMCTBA B COOTBET-
CTBUM C MHOrooGpa3ueM (pyHKIMii, BBIMOJIHAEMbIX UMH B HeiipoHax. [ Toro

YTOGBI [IOHSATH BCE 3TO Pa3HOOGPa3ye, BKPaTIle PACCMOTPUM CTPYKTYPY GeKo-
BOI1 MOJIEKYJIBI.

1
“HaN ~¢=C00
§

Ri{

(a)

AMUHOKMCNOTBI C CUNbHOM rMapodo6HON R-rpynnoit

! i i i i
“HgN -¢-coo- “HaN ~¢-coo- "HaN —&lz-coo— *HaN —c?—coo HN —(I:-coo-
Py GHe H—G—CH, CH,
HC CHy CH CH,
N I
HiC™ CHy CHy
Banun JeiuuH Vzoneiium  denunanaqut MeTvoHuH
(Val,umV)  (Leu,umul)  (lle,uaml)  (Phe,unF) (Met, unu M)

AMWHOKMCNOTBI C CUNbHOV MAPOdUAbHON R-rpynnoit

I ! i | i i i
“HaN —(|3—COO‘ "HaN —(l:—COO‘ *HaN —(II—COO’ *HaN —(C—COO‘ *HaN —c(:—coo- "HN —C—COO™~  *H,N -(I:—coo-
CH, CH, G CH, G
|
CO0~ (|3H2 /C\\ ‘Ile
coo~ Ll FHa
i
NHy*
AcnaparuHoBas [ nyramvHosas
KucnoTa Kkucnota Acnaparut rnytamuH JnanH ApruHuH fuctnavu
(Asp, nnm D) (Glu,namE)  (Asn,uamN)  (Gln, unm Q) (Lys, nam K) (Arg,nnu R) (His, nam H)
[pyriue aMMHOKUCNOTbI
! i 1 1 i i ) i
HaN —?—COO‘ *HaN -clz-coo— "HaN —?-COO’ *HgN =C—=C00™  *H;N —=C—COO~ *HN —g—coo- ‘H2N| —(I:—coo- "HaN —(‘Z—COO‘
H] CH; O CH i H=C—oH CH, HG_CHa| CH |
{
SH | OH | CH, CH, | C=cH |
SHE OH | ! A v
i NH |
i —( |
OH | |
f—, {
|
- i
FanumH AnaHuH Lnctenn CepwH TpeoHuH TupoauH Mpoanx Tpuntodan
(Gly, unm G) (Ala, nm A) (Cys, umm C) (Ser,um 8)  (Thr,umT)  (Tyr,uamY) (Pro, unm P) (Trp, nan W)

Puc. 3.4. AMUHOKUCNOTbI — CTPOUTESbHbIE 3NIeMEHTbI 6eNKOoB. (a) Y Bcex aMMHOKUCNOT
€CTb UeHTparbHbIM aToM anbia-yrnepoaa, amuHorpynna (NH,*) n kap6okcuneHan rpynna
(COO"). AMMHOKMCNOTLI OTINHAIOTCA APYr OT Apyra R-rpynnoit. (6) 20 pa3anunyHbIX aMUHO-
KUCIIOT, UICNONb3yeMbIX HeMpOHammM Ans cTpouTenscTBa 6enkos. B ckobkax ykasaHbl o6Le-
NPUHATBLIE COKPALLIEHNA, UCNONb3yeMble ANA 0603HAYEHNUA KaX A0 N3 aMUHOKUCNOT
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Kak ynomMunanocs B maBe 2, 6eJIKM — 3TO MOJIEKYJIbl, cocTosimue u3 20 pas-
HbIX aMHHOKHUCJIOT, CO€JUHEHHBIX B Pa3JUYHOI1 MociefoBaTeIbHOCTH. IIpuH-
IUIUaIbHAS CTPYKTYpPa aMHHOKHCJIOTHI NOKa3aHa Ha puc. 3.4, a. Bce amuHo-
KHMCJOTBl MMEIOT LEHTPAIbHBIM aTOM ymiepoJa (albga-yriepos), KOTOPbIi
KOBIEHTHO CBA3aH C YETBIPbMS MOJIEKYJISIPHBIMU IPyIIIaMH: aTOMOM BOAOPO-
Ja, amuHorpynnoii (NH3*), kap6okcuibHoit rpynnoit (COO™) u nepeMeHHOIA
TpyNIoii, HasbiBaeMoil Repynnoti (OT aHrL. residue — “octaTok”). Bece paznuuusa
MeXly aMUHOKHCJIOTaMH OGYCJIOBJIEHBI Pa3JM4YUsMU B pa3Mepax M CBOMCTBax
ux R-rpymn (puc. 3.4, 6). OT cBoiicTB R-Tpynmnbl 3aBUCAT XUMHYECKHE B3aHMO-
JeHCTBUSA, B KOTOPBIX MOTYT NPUHUMATh y4acTHe pa3JNYHble AMUHOKHUCJIOTHI.
Benku cuHTE3UpylOTC pub6oCcOMaMM B Tejle HeiipoHa. IIpu 3ToM aMHMHOKMC-
JIOThl COGUPAIOTCS B LIEMOYKY, CBA3bIBAsACh MENTHAHBIMH CBSA3MM, KOTOpPbIE
006pa3yloTcsi MeX Ay aMHHOTPYION OJHOII aMMHOKHCJIOTBI U KapOOKCHJIBHOM
rpynnoii coceiHeil aMMHOKUCJIOTHI (puc. 3.5, a). besnku, cocTosmue U3 OAUHOY-
HOI1 I1elM aMMHOKHCJIOT, TaKXKe Ha3bIBAIOTCSA NOJMNenTHaaMu (puc. 3.5, 6).

YeTbIpe ypOBHS CTPYKTYPHOI OpraHmM3anuu 6ejika NoKa3aHbl Ha pHC. 3.6.
Iepeuunas cmpyxmypa COOTBETCTBYET MOCAENOBATENbHOCTH, B KOTOPOI1 aMUHO-
KHMCJIOTBI CBSI3aHbI JPYT C JPYroM NENTHUAHBIMU CBA3AMU. OJHAKO B IpoLecce
cuHTe3a 6esKa MOJMIENTHIHAS LIENOYKAa CBOPAYMBAETCA B CIIMPAJIEBHIHYIO
CTPYKTYpY, Ha3bIBAEMYIO atba-cnuparvio. Albda-ciupaib NpeJCTaBsgeT cO60i
OJVH U3 BUJOB 8mopuunol cmpyxmyps. 6€JIKOBOI1 MOsIeKybl. BaauMopeiicTeue
MexJy R-rpynnmamMu nmpuBOIUT M K JaibHeilleMy U3MEHEHHUIO MPOCTPaHCTBEH-
HOI1 KoH(purypanuu. biaarogaps 3ToMy 6€JIKM CIIOCOOGHBI CKPYyYMBATbCs, CKJIa-
JbIBATHCS U NIPUHUMATD CJIOXKHYIO TPEXMEPHYIO (pOpMy, Ha3bIBaeMble Mmpemunnol
cmpyxmypoti. HaxoHel, pa3jMyHble NOJUIENTHIHbIE LIETOYKH MOTYT CBSI3bIBATh-
csl IpYT C pyrom, o6pasys 6ojiee KPYIHbIE MOJIEKYJIbI; B 3TOM CJy4Yae rOBOPHT,
YTO GEJIOK UMEET uemsepmuurylo cmpyxmypy. Kaxaplit u3 mosunenTuaoB, o6pasy-
IOIUX GEJIOK C YeTBEPTUYHON CTPYKTYPOI1, HA3bIBAETCS €TI0 Cy0osedunuyell.

MenTuaHas cBA3b

H | Rz H RQ H Ra
| “ [ | | [ |
WiN £ T 6 oo N e [ e L = L
HaN c‘ L‘c— N]—C—Co0 HaN—C ﬁ l;ll c| Ii r;l] (lz Lﬁ r!\l c|: (olole)
R, O H R, O H H O H R 0 ¥ H
(a) (6)

Puc. 3.5. NentnaHasn cBa3b U nonMnenTua. (a) AMMHOKUCNOTBI CBA3aHLI NENTUAHOM CBA-
3b10. JTa CBA3b 06pa3yeTca MeXAy Kap6OKCUNBLHOM rpynnov OAHOM aMUHOKUCTIOTbI U amu-
HOrpynnow Apyrov ammHokMcnoTbl. (6) Monunentua npeacTasnseT cob6ov OAUHOYHYIO Le-
NO4Ky aMUHOKUCNOT
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benku kaHanos

OTKpbITast NOBEPXHOCTh GEJIKA MOXET 06JaflaTh Pa3IMUYHBIMU XUMHUYECKH-
MU CBOMCTBaMHU. YYaCTKH C He3apsHKEeHHbBIMU R-rpynmamu asasiorcs rupogo6-
HBIMU U JIETKO YCTAHABJIMBAIOT KOHTAKT C JunugaMu. O6J1acTH ¢ 3apsyKeHHbIMU
R-rpynnamn sBasioTcs ruApoGUIbHBIMU M OTTAIKHBAIOTCS OT OKPYKaIOIIMX
aunugoB. [103TOMy HETPYAHO MPEACTaBUTb THUIbI GEJIKOBBIX MOJIEKYJ, UMEIO-
IUX TAIOYKOBUAHYIO (GOPMY, Ha KOHI[AX KOTOPBIX PACIIOJNIOKEHBI 3apsXKEHHbIE
TPYIIIbl, @ MOBEPXHOCTDb B X CPE/JHEH 4aCTH 06pa3oBaHa UCKIIOYUTENbHO TH-
POdO6GHBIMM aMUHOKHUCIOTaMu. benku aToro Tuma ¢puxcuposaHbl B ¢docdo-
JUINIHOM GHCJIO€ TAKMM 0OpPa3oM, 4TO UX rMApogoGHas YacTh NOrPyKeHa B
TOJIIy MeMGpaHbl, a rTpo¢UIIbHbIE KOHLIbI O6pallleHbl K BOAHOI cpefie 1o o6e
CTOPOHBI MEMOPAHBIL.

AMUHOKMCNOTHI

CyObenmnHuLLbl

Puc. 3.6. CtpoeHue 6enka. (a) MepeuyHan CTPyKTypa: NOCNeAoBaTeNbHOCTb aMUHOKUC-
NOT B NONMNENTUAHOM uenouyke. (6) BropuyHas cTpykTypa: anbda-cnupans, 06pa3oBaHHas
NoNMNENTUAHOWM LUenoykon. (B) TpeTuyHas CTPyKTypa: TpexmepHas KOHdWrypauus nomnum-
nenTtuaa. (r) YeTeepTuyHas CTPyKTypa: pasfnnyHble NOAUNENTUAbl CBA3bIBAIOTCA BMECTe C
obpasoBaHuem 6onee KpynHow 6enKOBOM MONEKY bl

BekoBbIMU MOJIEKYIaMU 3TOTO THUIIAa 06Pa30BaHbl HOHHBIE KaHanbl. OGbIY-
HO B COCTaB TaKOTO KaHAIa BXOJUT OT YETHIPEX [0 IIECTH OJMHAKOBBIX GEJIKO-
BBIX MOJIEKYJI, KOTOpbI€ BMeCTe 00pa3yioT nopy (puc. 3.7). Ha6op cy6beaunuiy
OTJIMYAETCSA AJIS Pa3HbIX BUJOB KaHAJIOB, OT 3TOTO 3aBUCUT U pa3juyMe B UX
¢ysknuax. BaxHbiM cBOHCTBOM GOJIBIIMHCTBA MOHHBIX KaHAIOB, KOTOpOeE 06Y-
CJIOBJIEHO AMAMETPOM MOPbI U MPUPOJ0ii BhICTUIAIOIUX ee R-rpynmn, sapaseTcs
MOHHAaA ceJeKTHBHOCTb. Kamesble kaHaIbl M36MPATEIbHO IPOITYCKAIOT MOHbI
K*. AHa10r14HO HaTpUeBble KaHAIbI IPONYCKAIOT IOYTH UCKITIOYUTEILHO NOHBI
Na*, karbuuesbie — Ca? u T.4. J[pyrum BaK HbIM CBONCTBOM MHOTHX KaHAJIOB SIB-



Fnaea 3. MemGpaHa HelpoHaBnokoe 117

JIE€TCS BOPOTHBIA MexaHu3M. Kanaibl, o6afaomue 3TUM CBOIICTBOM, MOTYT
OTKPBIBaTbCSA U 3aKPbIBAThCS B 3aBUCUMOCTU OT UBMEHEHU MUKPOOKPYKEHUS
B JAHHOM y4aCTKeé MEMOPaHbI.

1 dochonunuaHbiit
/ J Bucnoit

Puc. 3.7. NoHHbI KaHan meM6paHbl. MIOHHbIe KaHanbl COCTOAT U3 TpaHCMeMO6paHHbIx 6en-
KoB, o6pa3ytomx nopy. B paHHom npumepe 6enok kaHana CoCToMUT U3 NATWU nonvnenTua-
HbIX Cy6beauHuu. B Kaxaon cybbeauHvue nmeetca o6nactb ruapodo6HON NOBEPXHOCTU
(3aTeHeHa Ha pucyHke), koTopas cesdaHa ¢ hochonMnuaHbiM 6Ucnoem

B 3T0i1 u cieayomux maBaX Mbl C BAMM Y3HA€M O KaHAIaX OY€Hb MHOTOE.
Ionwumarue pabomv, UOHHBLY KAHAN0E8 8 MeMOPaNE HEUPOHA ABAALMCA KAIOUOM K TOHU-
MARUIW 8Cetl KAeMOUHOT HelipoPusuosozu.

WoHHbIE HacoCbI

Kpome 6ekoB, 06pa3yiolux KaHabl, CyIECTBYIOT ApPyrue TpaHCMeMOpaH-
Hble 6€JIKH, 06pasyiole HOHHbIE HACOCHI. B m1aBe 2 Mbl TOBOPMIIH, UTO aJ€HO-
suHTpudochar (ATP) ABnAeTCa 3HEPreTUYECKON BaMOTOI Ki1eTku. HonHbie
HACOCbl — 3TO PEPMEHTHI, KOTOPbIE UCIIOIb3YIOT 3HEPTHUIO, BLICBOOGOXKAAEMYIO
npu pacnage AT®, 114 nepeHoca HEKOTOPbIX MOHOB Yepe3 MeM6pany. Janee
MbI YBUJUM, YTO 3TU HACOChI UTPAIOT BAXKHEMNIIYIO pOJIb B paboTe HeifpoHa 6.1a-
rogaps nepenocy Na* u Ca?* M3HYTpH KJIETKH Hapyxy.
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AOBVXEHME MOHOB

Kanan B MeMGpaHe HAIOMUHAET MOCT Y€pe3 PeKy (WK B CIydae BOPOTHOTO
MeXaHU3Ma — IOAbEMHBIN MOCT): OH CJIYXKUT IyTeM, 110 KOTOPOMY MOXHO Iepe-
MECTUTBCSA C OJHOM CTOPOHBI Ha Apyryio. OHAKO HATMYKME MOCTa He 3aCTaBJIsAET
Hac nnepexoauThb pexy. Hanpumep, Mbl MOXXeM XOJUTh Yepe3 MOCT Ha paGoTy 1o
GyHSAM U HE [T0JIb30BaThCS TEM XK€ MOCTOM Ha BbIXOJHBIX. To e MOXHO CKa3aThb
Y IIPO MOHHbIE KaHaIbl. Hatuuue oTKphITOro kaHala B MeMOpaHe ellle He MoJ-
pa3yMeBaeT BCEOOLIETO NEepEMELEHUI MIOHOB dyepe3 MeMOpaHy. JIis ABrKeHus
HMOHOB HEO6XOAMMO NPUJIOKUTD BHEMIHIOW cuity. [Tockobky A1 paGoOTbl HEPB-
HOI1 cHCTeMBI TpEGYeTCs, YTOObI HOHBI IPOXOAUJIM Yepe3 MeMGPaHy HEHTPOHOB,
BaXXHO MIOHATD, YTO XE 3TO 3a CuIbl. Ha ABIXeHNe NOHOB N0 KaHaIaM BJIUSIOT
nBa ¢axTopa: 1uddy3us u 3JEKTPUIECTBO.

Aucpcpysna

HoHbl 1 MOJIEKy/Ibl, pACTBOPEHHbBIE B BOJIE, HAXOJATCH B MIOCTOSIHHOM JIBU-
xeHuu. B pesyibTaTte 3TOro ABMXKEHUS, KOTOPOE HOCUT CJOYYailHbINA, XaOTHY-
HbII XapaKTep U 3aBUCUT OT TEMIIEPATYPbl, HOHbI CTPEMATCS PABHOMEPHO pac-
npejeuThCsl 0 BceMy pacTsopy. [ToaTomy cymecTByeT cyMMapHOe JABHXEHHE
HMIOHOB U3 y4aCTKOB C BLICOKOIf UX KOHLIEHTpaliueil B 06J1aCTH C HU3KOM KOHIIEHT-
pauueil. 3To JBMXeHUe Ha3biBaeTcsa Aud@ysueir. Hanpumep, ecim B yamky
ropsi4ero 4yas 06aBUTh YaITHYIO JIOXKKY MOJIOKA, OHO GY/IET CTPEMUThLCS PaBHO-
MEPHO pacnpeieauThcsi BO BCEM 06beMe YaifHOro pacTsopa. Eciau Temnnosyio
SHEPruI0 pacTBOPA YMEHbUIMTH, HAIPUMEP J06aBJIsAs MOJIOKO B JIEJSHOI yail,
Auddy3ns MoIEKY MOJIOKA GYET TPOUCXOAUTh 3aMETHO MeJJIEHHEE.

OO6bIYHO MOHBI HE IPOHUKAIOT HEMOCPEACTBEHHO Yepe3 (pochomunuaHblii
6uc0it, oAHaKo AU dy3us 3acTaBIsgeT UX ABUTaTbCA YePe3 KaHaIbl, pacroJio-
xeHHble B MeMOpaHe. Hanpumep, eciiu NaCl pacTBOpUTD B )XHJAKOCTH C OJJHOM
CTOPOHBI NPOHUI[AEMOi1 MEMOPaHBI (T.€. TAKOH, B KOTOPOil HMEIOTCS KaHAJIBI,
nponyckatomue Na* u Cl7), To yactb noHos Na* u Cl~ 6yneT npoxoauts yepes
Hee JI0 TeX MOop, I0Ka BCE€ OHU HE PACIPEAENATCS OJUHAKOBO B pacTBOpE 10 06e
cTopoHbl MeMGpaHbl (puc. 3.8). Tak xe, Kak U B cJIyyae C MOJOKOM, AudyHau-
pyOlLleM B Yae, UX CyMMapHOE JABMXXEHME OyeT HAlPaBJ€HO U3 06JIaCTU C BbI-
COKOIf KOHLIEHTpaLUeil B 06J1aCTh C HU3KOI KOHUeHTpanueit. (UTo6bl npunom-
HUTb, B KAKUX €JUHMIIAX BbIPAXAETCHA KOHLIEHTpauus, cM. Bpe3ky 3.1.) Takas
Pa3HOCTb KOHIEHTPAlil Ha3bIBAETCS FPaJHEeHTOM KOHIleHTpanuu. B 1anHomM
CJly4ae MOHBI JBMXKYTCS IO IPaJUEHTyY KOHIEHTpauuu. Takum o6Gpasom, Juis
JBUXEHUS MOHOB Yepe3 MeMOpaHy nyTeM Judgdysun Heo6xoaumo, 4Tobhl (1) B
MeMOpaHe GbLIM KaHaIbl, IPOIYCKAIOMME NOHBI, U (2) CYIeCTBOBAI IPaJUeHT
KOHI€HTPALUH 10 pa3Hble CTOPOHbI MEMOPaHBI.
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Ha nepeaHem Kpae Hayku

MoAU U MOARIPHOCTbL

KOHUEeHTpaums BeLLeCTB BblpakaeTCa B KONMYECTBE MOMEKyn Ha NUTP pacTso-
pa. O6bI4HO KONM4ECTBO MONEKYN BblpaXaeTca B MOsIsX. B 0gHOM Mone CopepXxuTtcs
6,02 x 10% Monekyn. PacTBop Ha3blBatOT OAHOMONAPHLIM (1 M), ecnu ero KoHueHTpa-
umsa coctasnseT 1 Monb/nnTp. Pacteop 1 Munnmmons (1 Mmons) coaepxunt 0,001 Monb/
nuTp. COoKpaLLEHHO KOHUEHTpauWio 3anmCbiBalOT B KBaApaTHbIX Ckobkax. MoaToMy
[NaCl] = 1 Mmonb Mbl YMTaeM Tak: “PacTBop xnopuaa HaTpus UMEeT KOHLEHTPaUWio
1 MunnnMons”.

Puc. 3.8. Quchcby3us. (a) Cnesa oT HenpoHuuaeMor Mmem6paHbl pacteopunmn NaCl. Paavep
cumBonos Na* 1 Cl- ykasblBaeT Ha OTHOCUTENBHYIO KOHLEHTPaLUUIo 9TUX UOHOB. (6) B MeM-
6paHy BCTpOeHbI kaHanbl, nponyckatowume Na* v Cl-. B peaynstate 3Ha4MTenbHOro rpaauv-
€HTa KOHUeHTpaumu HabnioaaeTcs cymmapHoe asvxenue Na* u Cl- yepe3 membpaHy u3
06nacTu C BbICOKOW KOHLeHTpaumen B 061acTb C HU3KOM KOHUEHTpauuWew, T.e. cfiesa Hanpa-
BO. (B) B otcyTtcTBMe apyrmx dakTopos cymmapHoe asvxeHue Na* u Cl- yepe3 Mmemb6paHy
npekpaiyaercs Toraa, Korga OHM paBHOMEPHO pacnpefenaTca No o6e CTOPOHbI NPOoHUUae-
MO MeM6paHb!

AneKTpuyecTso

ITockosbKy HOHBI IPEJCTABISIOT COGO I€KTPUYECKH 3apPsAXEHHbIE YacTH-
1bl, APYTUM (paKTOPOM, CIIOCOGHBIM BbI3BaTh UX CyMMapHOE JABMXEHUE B pac-
TBOPE, MOMUMO A1 ¢Y3UH 110 TPAAUEHTY KOHIIEHTPALUH, SBJISETCS 3JIeKTpUYe-
ckoe nosie. Paccmorpum puc. 3.9, Ha KOTOPOM M306paXkeHbI IPOBOAA, UAYLIHE
OT JIByX BbIXOJIOB 6aTapeu 1 noMeieHHsle B pacTBop NaCl. Bcnomuum, uTo npo-
MUBONOAONHCHBLE 3APA0BL NHUMALUEAIOMCR, 4 00HOUMEHKBLE — ommanxusaromca. Creno-
BaTEJILHO, B IAHHOM CJy4ae GyAeT NPOUCXOAMTD JBIkeHre Na* B HarpaBIeHUN
OTPUILIATEIBHO 3aPsKEHHOro Bbixoaa (kaToja) u aBrkeHue Cl- B HanpaBieHUH
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Batapest HOJIOKUTEJbHO  3apSXKEHHOrO  BBIXOJA
(aHopga). JIBM>KEHME 3JIEKTPUYECKUX 3aps-
JIOB Ha3bIBAETCS JEKTPHIECKHM TOKOM,
0603HaYaeTCs CUMBOJIOM [ U U3MepsAETCA
B €JIMHUIAX, KOTOPbIEC Ha3bIBAIOTCS aMNe-
Nat'— Katon  pamu (A). ITo mpeayoxennio benpxamMuHa

{Kanon) dpaHKINHA, 32 IOJOXUTEIbHOE HAIpaB-
JIeHHe TOKA IPHHUMAETCs HalpaBleHHe
AHog « ClI= ABUXXEHMs MOJIOKUTEJIbHO 3apsiKEeHHBIX

{Anmon) yacTull. B Hamem npumepe nosjoxurenb-
HbIil TOK MPOTEKAET B HANPaBJIEHUM JBU-
)xeHusa Na' — OoT aHOJaA K KaTofy.

Cua TOKa 3aBUCHUT OT JBYX (paKTOPOB:
OT 3JIEKTPUYECKOTO MOTEHINATA U 3JIEKT-
pUYECKON MPOBOAMMOCTU. JJIEKTpHIec-
KM IOTeHIMaJ, TaKXe Ha3bIBaeMbIil
HanpPsDKEeHHeM, ABJIAETCA CUWIOH, NENCTBYIOIEN Ha 3apAXEHHYIO YacTULy; OH
3aBMCHUT OT Pa3HOCTH 3apsA/JI0B MEX Y aHOJOM U KaTogoM. C yBeMdeHeM 3TOMH
Pa3HOCTH TOK Bo3pacTaeT. Hanpsi:keHue o603HavaeTcss CHMBOJIOM VU usmeps-
ercsa B soavmax (B). HanpuMep, pasHOCTb 3/IEKTPUYECKHX MOTEHIINAIOB MEXY
BBIXO/IaMi aBTOMOGMJIbHOI1 6aTapey COCTaBAAET 12 BOJILT; T.€. HANPSXKEHHUE Ha
OJIHOM U3 BBIXOJ0B Ha 12 BOJILT NpEBbINIAET HANPSAXKEHUE Ha JPYroM.

dJleKTpuIecKast HPOBOJIUMOCTD NPEACTABJISET CO60I1 OTHOCUTEJIBHYIO CITO-
COGHOCTD 3JIEKTPHUYECKOTO 3apsA/ja IepeMeIaThCcs U3 OAHOI TOUYKH B JPYTYIO.
Ona 0603Ha4aeTCcsi CHMBOJIOM g U uaMepseTcs B cumercax (Cm). [IpoBoaumMocTb
3aBHCHUT OT KOJIMYECTBA HOHOB WM 3JIEKTPOHOB, CIIOCOOHBIX 1€ PEHOCHUTD 3JIEKT-
PHUYECKMIiT 3apAA, U JIETKOCTH, C KAaKOil OHU MOTYT MepeMeNaThCsl B IPOCTpaH-
cTBe. JTO Xe CBOMCTBO MOXHO NepefaTh Yepe3 3/1eKTPUIeCKoe CONPOTHBIe-
HHe — OTHOCHUTEJIbHAs HECIOCOGHOCTD 3JIEKT PUUECKOro 3apsi/ia NepeMeIaThCs.
Omna BoIpaxxaeTcs cuMBoOJIOM Ru usmepsercs B oxax (Om). ConpoTHBIEHHE SAB-
JIieTCsE OOpaTHOM BEJIMYMHOM 3J1eKTponpoBoguMocTy (T.e. R=1/g).

CymecTByeT mpocToe COOTHOLIEHHE MexX ]y moTeHuuaiom (V), mposogumo-
cThio (g) 1 cuioit Toka (I). 3To oTHOIEHNE HOCUT Ha3BaHME 3aKoHa OMa U
¢opmympyetca Tak: I = gV. CnenosaTenbHO, CHla TOKA SBJISAETCS IPOJYKTOM
IIPOBOAMMOCTH U Pa3HOCTH NOTeHIHa10B. O6paTUTe BHUMaHUE, YTO ITPH MPO-
BOJMMOCTH, PaBHOI HYJIIO, TOK HE IIOSIBUTCS JJaXke IPU OY€Hb 60JIbIION pa3HOC-
TH noTeHuHaIoB. TOYHO Tak e, KOrAa Pa3sHOCTh NMOTEHIMAIOB paBHA HYJIO,
TOK IIPOTEKaTh He GyAEeT JaxXe IIPU BbIcOYalilleil MpOBOAUMOCTH.

PaccmoTpumM puc. 3.10, a, Ha xoTopom KoHueHTpanusa pactsopa NaCl oauHa-
KOBa 110 06€ CTOPOHBI ABOITHOTrO c10s docoununos. Ecim mbl onycTum B pac-
TBOP ITPOBOJHUKH OT ABYX BBIXOAOB GaTapeH, 4YTOGbI OHM OKa3aHCh IO pa3Hble

Puc. 3.9. iBu)xxeHne MOHOB Nopj BNU-
fIHUEM INIEKTPUYECKOro nons
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CTOPOHBbI MeMGPaHbI, OHU CO3JaJyT BBICOKYIO Pa3HOCTb NOTeHuHat0B. OgHaKo
TOK He BO3HMKHET, [TOCKOJIbKY OTCYTCTBYIOT KaHaIbl, 110 KOTOpbiM Na* 1 Cl” Momn
6bI TPOHUKATh CKBO3b MEMOPaHy; IIPOBOAMMOCTD TaKOi1 MEMGpaHbI PaBHA HYJIIO.
[TosToMy A5 ABMKEHUSA HOHOB Yepe3 MeMGPaHY MO AEHCTBUEM 3JEKTPUYECTBA
Heo6XxoAuMO, 4ToOb! (1) B MeMOpaHe GbLIM KaHWIbI, CIIOCOGHBIE IPONYCKATh
TOT WJIM MHON MOH (0GecrneunBasi IpOBOJUMOCTD) U (2) CyIecTBOBaIa Pa3HOCTh
3JIEKTPUYECKHX NOTEHINAIOB Yepe3 MeMb6paHny (puc. 3.10, 6).

-

(a) Toka HeT (6)  OnexTpuyeckuiTok

Puc. 3.10. dnexkTpuyeckuii TOK Yepe3 meMm6paHy. (a) HanpsxeHue,
NPUNOXeHHOE K MOBEPXHOCTAM (hochoNnMNUAHOro 61cnon, He Bbi3bl-
BAET 3MEKTPUYECKOro TOKA, TaK Kak OTCYTCTBYIOT KaHanbl, Nponycka-
IOLLME ANEKTPUHECKN 3aPSHKEHHBbIE HAcTUUbI (MOHbI) C OAHOW CTOPOHbI
Ha Apyryio; NPOBOAUMOCTb MeM6paHbl pasHa Hynmio. (6) B mem6paHy
BCTPOEHbI KaHanbl, NPonycKaroLme NoHbl. Bo3HUKaOWWA anekTpuye-
CKUI TOK MMEeT HanpasneHune, CoBnaaatoLLee ¢ HanpasneHnem auxe-
HUA KaTUOHOB (B AAHHOM NpUMepe — cnesa Hanpaeo)

Ha sToM Hale o6cyXeH1e OCHOBHBIX IIOHATHI 3aKaHYMBAEeTCA. Y HaC uMe-
IOTCS JIEKTPUYECKU 3apsDKEHHbIE MOHBI, KOTOPble HAXOJAATCSA B PacTBOpe IO
06€e cTOpOHBI MeMOPaHbl HeifpoHa. FIOHBI crIOCOGHBI nepecekaTb MeMOGpaHy
TOJIbKO IO GEJKOBbIM KaHalaM. JTH GEJKOBble KaHAIbI MOTYT 0GJafaTh BbICO-
KOi1 U3GMPaTEeNbHOCTBIO K KOHKPETHBIM MOHaM. JIBM:KeHHe JI060ro MOHa IO
TaKOMY KaHaJy 3aBUCHUT OT IPaJle€HTa KOHLEHTPAMH ¥ Pa3HOCTHU 3JIeKTpHUYec-
KHUX IIOTEHI[MaJIOB Ha MeMOpaHe. Tenepb Mbl MOXXEM HCIOJIb30BATh 3TH CBeJie-
HUS JJIS1 U3y4eHUs] MeMGPAaHHOTO MMOTE€HLHAIA ITOKOS.
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NOHHbLIE OCHOBbI MEMBEPAHHOIO
NOTEHUWMAIJIA NOKOA

MeMG6paHHbIi OTEHIMA [TPE/ICTABIAET COO0I HanpshDKEHHE Ha MeMOpaHe
HelpoHa B JI060I MOMEHT BpEMEHU M 0603HaYaeTcs cumsosiom V . Muorpa Vo
MOXeET GbITh “B IOKOE”, MHOT/]A — HAIPUMEP, BO BpeMs MOTEHIMIA JeHCTBUS —
HeT. V| MOXHO M3MEDPUTDb NyTEM MNOTPYXEHUS MUKPORJIEKTPOJA B LIUTO30JIb.
CraHzapTHbI MEHKPO3JIEKTPO/ IIPEACTAaBJIAET COO0I TOHKYIO CTEKISTHHYIO TPY6-
Ky C TOHYAHIIMM KOHYUKOM (auameTpoM 0,5 MKM), KOTOpBIiT NpOH3aeT MeMOpa-
Hy HEpOHA C MMHUMaJIbHbIM NMOBpexAeHeM. OH 3aMOJIHEH 3JIEKTPOMPOBOJSA-
MM COJIEBBIM PACTBOPOM U COEJUHEH C MPUOOPOM, HAa3bIBAEMBIM G0ALIMMEMPOM.
BoabTMeTp u3aMepsieT pasHOCTb 3/IEKTPUUECKUX MOTEHIUAIOB MEX Yy KOHYMKOM
3TOr0 MMKPO3JIEKTPOJA U NPOBOAHUKOM, PACIOJIOXEHHBIM CHApYXU KJIETKU
(puc. 3.11). 3TOT METOA MO3BOJISET BbIABUTH HEPABHOMEPHOE pacIpejejieHue
3JIEKTPHYECKOTO 3apsja IO pa3Hble CTOPOHbI MeMOpaHbl. BHyTpeHHsAs nosepx-
HOCTb MEMOpaHbl HEHPOHA 3apsX€Ha OTPULATEbHO [0 OTHOUIEHUIO K HapyX-
HOIf MMOBEPXHOCTU. 3Ta yCTOYMBas Pa3HOCTh, IOTEHIMAJ TOKOS, NOAAepXKHBa-
€TCs Ha BCEM NPOTSXKEHUH, KOTJa HEHPOH He reHepUpyeT UMITYJIbCOB.

ITorenuuan nokosi OGLIYHOrO HEMPOHA COCTABJAET NPUMEPHO —65 MUILIU-
BoJbT (1 MB = 0,001 BoabT). MIHBIMM cTOBaMU, 1714 HeifpoHa B okoe V| =-65 MB.
ITOT OTpULATEIbHBII MEMOPAHHBII NOTEHIMAI [TOKOs SABJIAETCA 06A3aTE b
HbIM YCJIOBUEM pabOThl HEPBHOI cucTeMbl. UTOGBI pa306paThCs C OTpULIATE b
HbIM MEMGPaHHBIM NIOTEHIIUAIOM, PACCMOTPUM IPHUCYTCTBYIOIME 3/1€Ch UOHBI
U UX pacnpejieJieHle BHYTPU HEMPOHA U 3a €ro npejesaMHu.

PaBHOBecCHblIe noTeHuuanbl

PaccMOTpUM rUNMOTETHYECKYIO KJIETKY, BHY TPUKIETOUYHOE IPOCTPAHCTBO KO-
TOPOI1 OTAEJEHO OT BHEKIETOYHOrO (pOCHOIUNUAHOI MEMGPAHOI1, HE UMEIO-
meii 6enxoB. BHyTpH 3TOit KIETKM HAXOAUTCA KOHIEHTPUPOBAaHHbII KaIeBbIi
pacTBop, coctoamuit u3 K* 1 aHnoHoB A~ (J1106bl€ OTPULIATENBHO 3aPAXKEHHbIE
MoJieKyJIbl). CHapyXu KI€TKM HAXOAUTCS PaCTBOP TO¥ K€ COJIH, HO B KOHIEHT-
panuu B 20 pa3 Huxe, 4eM BHYTpH KkieTku. HecMOTps Ha BbICOKUIT rpaJUeHT
KOHII€HTPAllMH, ABH)KEHHUE Yepe3 MeMOpaHy OTCYTCTBYET, IIOCKOJIbKY (pocdou-
NUAHBII GUCTION, He UMes 6eJIKOBbIX KAHAIOB, HEMPOHUIAEM JJIS 3aPAXKEHHbIX
rUAPOGUIBLHBIX aTOMOB. B 3THX yCI0BUSAX MUKPO3/IEKTPOJ HE 3aPErUCTPUPYET
HUKaKOI pa3sHOCTH IOTEHIMAJOB MeX/Jy Hapy>XHOi1 U BHYTPEHHEIl IIOBEPXHO-
CTAMU KIETOYHOI MeMGpaHbl. Jpyrumu ciosamu, V  Gyner pasen 0 mB, mo-
ckoJbKy cooTHomeHue K* 1 A™ Ha kaxJoit cTopoHe MeMGpaHbl paBHO 1; o6a
pacTBOpa 3JIeKTpUYeCKH HedTpalbHBI (puc. 3.12, a).
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Bonbt™eTp

-B5mB

Puc. 3.11. Peructpauus mem6paHHOro noteHuyuana nokos. C nomo-
b0 BOSbTMETPA U3MEPSIETCA Pa3HOCTb 3NEKTPUYECKUX NOTeHUUanoB
MeXAY KOHYMKOM MWKPOJNIEKTPOAA BHYTPU KIETKU WU NPOBOOHWUKOM,
pacnonoXeHHbIM BO BHEKMETOYHOW XMAKOCTW, YCNOBHO WMEHYEMbIM
“3a3emnenveM” (aHrn. ground), NOCKONbKY OH 3NEKTPUHECKU CBA3AH C
3emnen. O6bIMHO NOTEHUMAN Ha BHYTPEHHEN NOBEPXHOCTU MembpaHbl
WOHAa COCTaBNAET OKONO —65 MB N0 OTHOLLEHWNIO K HAPY>XHOM NOBEPXHOC-
1. MpryYnHON NosBNEHWs 3TOrO NOTEHUMana ABNAeTCA HepaBHOMEPHOe
pacnpefeneHve aneKTpU4ecKux 3apagoB no o6e CTOPOHbI MemMbpaHb!
(Ha yBennuyeHHOM dparmeHTe)

PaccMoTpuM, Kak M3MEHUTCS CUTyallus, eCd B ABOMHOMN cJoit docdom-
NUAOB BCTaBUTh KajlueBble KaHaIbl. BBUIY UX CEJI€KTUBHOI NMPOHHULIAEMOCTH
noHbl K* 6yzyT cBoG0JHO NMPOXOAUTh Yepe3 MeMGpaHy, a aHMOHbI A~ — HeT.
Chavana geiictByeT audysus: nonsl K* nocrynaior yepes MemM6paHy no xpy-
TOMy KOHLIEHTPAIlMOHHOMY rpaaueHTy. OfHAKO, MOCKOJIbKY aHUOHBI A” OCTAIOT-
Csl, BHYTPEHHSAS INOBEPXHOCTb KJIETOYHOI MEeMOpaHbI Cpa3y xe NnpuHoGpeTaeT
OTpULATEIbHBIN 3apsf, 1 HA MeMOPaHe YCTaHABJIMBAETCS Pa3sHOCTb 3JIEKTPU-
YeckuX noteHuuanoB (puc. 3.12, 6). Ilo mepe Toro kak BHyTPEHHsAs CTOPOHA
MeMGpaHbl CTAHOBUTCS BCe GoJiee OTPULATEIbHO 3apsKEHHOM, CUIIBI 3JIEKTPH-
YecTBAa HAYMHAIOT IePEeMeaTh MOJOXHUTENbHO 3apskeHHble HOHbl K' Hazazg
BHYTPb K1eTKH. 1o focTHXeHUN onpeieIeHHO Pa3HOCTH MMOTEHLMAIOB CUJIbI
3JIEKTPUYECTBA, 3acTaBjisAomue HoHbl K* Bo3BpamaTbcs B KIETKY, 6yAyT TOYHO
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ypaBHOBEIIEHbI CHJIAMHU AU @Y3UH, BBITUIKMBAIOMMNMU UX HapyXy. Takum o6-
pa3oM, GyAeT ZOCTUTHYTO COCTOSIHUE pasHosecus, IPpU KOTOPOM CUJIbI Auddy-
3UM U 3JIEKTPUYECTBA PaBHbI, HO HAaIPaBJIEHbI B IPOTHBOIOJJIOXHbIE CTOPOHBI,
U cymMmMapHoe aBmxeHne K* uepes mem6pany npexpamaercs (puc. 3.12, ¢). Ta
Pa3HOCTDb 3JEKTPUYECKUX IOTEHIUAIOB, KOTOpPAs TOYHO ypPaBHOBENUIMBAET Ipa-
JUEHT KOHIIEHTPAallMM MOHA, Ha3bIBAETCH PAaBHOBECHBIM OTEHI[HAIOM MOHA,
WM OPOCTO PaBHOBECHBIM MOTEHUMAIOM, U 0603HaYaeTcs CUMBOJIOM E
B Hamem npuMepe paBHOBECHBII1 HOTEHIMAN GyJeT paBeH npumepHo —80 MB.

e

BHytpn  CHapyxw
“knetkn”  “knetkun”

K+

>

-
i,

(a) (6) (8)
Puc. 3.12. YcraHoBNeHue paBHoBeCUs Ha MembpaHe, o6naparoweil M3buparTenbHon
npoHULaeMocTbHo. (a) [1se o6nactu, pasgeneHHble HenpoHULaeMon MeM6paHo: B 0aHOM
(BHYTPW) BbiCOKan KOHUEHTpaUWA Conu, B APYrow (CHapyxu) — Hu3kasa. OTHocuTenbHble
KOHUeHTpauvm kanus (K*) 1 HenpoHvKaroLero aH1oHa (A-) nokasaHbl C NOMOLLbIO pa3mepa
COOTBETCTBYIOLMX cMMBONOB. (6) [lo6aBneHve B MeM6paHy kKaHana, ©3muparenbHo NPOoHNU-
uaemoro ans K+, NnpuBoaMT cHa4ana kK CyMMapHoMy AuxeHuto K+ no rpagveHTy KOoHUeH-
Tpauuu, cneea Hanpaeo. (B) HakonneHue cyMmapHOro nonoXvTensHoro 3apaaa cHapyxu
1 oTpuUaTenbHOro 3apsafa BHYTPU MeM6paHbl 3aMeanseT ABWXeHNe NONOXWUTENsHO 3aps-
)eHHbIX MOHOB K* 3HYTpW Hapyxy. YCTaHaBMBaeTCca paBHOBeCHe, NPU KOTOPOM CyMMap-

HOE ABMXXeHVe MOHOB Yepe3 MemGpaHy NpeKpallaeTcs, U co3aaeTcs pas3HoCTb NoTeHuma-
noB No o6e CTOPOHbI MeMbpaHb!

IIpumep Ha puc. 3.12 nokasbiaer, 4To ¢GOPMHUPOBAHUE YCTOMYUBOI1 pas-
HOCTH 3JIEKTPUYECKUX IOTEHI[MAJIOB Ha MeM6GpaHe — IPOIEeCcC OTHOCUTEIHLHO
npocToii. Bce, 4To HEO6X0AMMO, — 3TO rpafiueHT KOHLEHTPAllMi MOHA U U36U-
paTejibHas MPOHULAEMOCTD A/ JaHHOTO HoHa. [Ipex e yem nepeiiTu OT 3TOrO
PHUCYHKA K HACTOSIIMM HEPBHBIM KJIETKaM, Mbl JOJDKHBI CJIEJIaTh YEThIPE BaX-
HBIX 3aMeYaHHs.

1. Hesnavumensnoie usMeHeHus 8 KOHUEHMPAUUAX UOHOE 6BL3BIBAIOM CYULLCTNEEN-
Hle USMeHeHUs Membpanrozo nomenyuara. Ha puc. 3.12 nokasano, 4to no-
cJle pa3MelleHUs B MeMGpaHe kaHaJoB HoHbI K ycTpeMuince U3 1IeTKH,
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YTO NMPHUBEJIO K U3MEHEHUIO MeMOpaHHOro norexnuasa or 0 MB jgo 3Ha-
4eHMs paBHOBecHOro nmoteHuuata -80 mMB. Kak nmosmmusano takoe mepe-
pacnpeseieHle HOHOB Ha KoHIleHTpanuio K* mo pasHble cTopoHbl MeMG-
paHbl? BecbMa He3HauMTenpHO. PacyeThl MOKa3pIBAIOT, YTO AJIS KJIETKU
nuameTpoM 50 MkM, HanostHeHHOIt 100 Mmosb pacTBopoMm K, uamenenue
KOHIIEHTPAIlUY, HEOOXOJUMOE IJIsl U3MEHEHUsl Pa3HOCTU MOTEHLIMAIOB
ot 0 10 -80 MB, coctaBasieT Bcero oxoso 0,00001 Mmous. Jlpyrumu ciioBa-
MH, T10CJIe pa3MeleHUs KAaHAIOB U JOCTHXKEHUS PAaBHOBECHS BHYTPEHHSAA
koHneHTpanusa K* causunace co 100 1o 99,99999 mmos, — 3T0 mpene6pe-
MHMMO MaJIO€ CHIDKEHHME KOHIEHTPaIMH.

. Hapyxcnas u enympennas nosepxnocmu MeMbpans. oxasvieaomcs sapajicens.-
M. FIMEHHO MENCOY NOBEHXHOCTIAMU MEMOPANDL BOIHUKAEM PAIHOCTD NOMEHYU-
an06. TTockonbky pochoaunuaHbiil 6UCI0i OYeHb TOHKMIT (MeHee 5 HM
B TOJIIIMHY), CTAHOBUTCSA BO3MOXXHBIM 3JIEKTPOCTATUYECKOE B3aUMOJEHi-
CTBUE MEX/ly HIOHAMH IO pa3Hbleé CTOPOHbI MeMGpaHbl. OTpULIATEIbHbIE
3apsAAbl BHYTPU HEHPOHA U IMOJIOXUTEJbHbIE 3apsAAbl CHAPYXXU Hepo-
Ha B3aMMHO NPUTATHUBAIOTCA K KIETOYHOI MeMm6paHe. Bcmomuure, Kak
TEIIbIM JIETHUM BEYEPOM C YJIMIbI Ha OCBEIEHHOE U3HYTPU KOMHATBI
OKOHHOE CTEKJIO CJIETAIOTCA KOMaphbl U MOWKHU. Tak jxe ¥ OTpUuLaTeabHbIE
3aps/ibl BHYTPU KJIETKU HE PaCcHpe/iesioTC PAaBHOMEPHO B IIUTO30J1€, a
CKaIUIMBAIOTCA Y BHYTPEHHE MOBEPXHOCTU MeMOpaHb! (puc. 3.13). Cuu-
TaeTCs, YTO MeMOpaHa TaKUM O6Pa30M HAKAILIMBAET 3JEKTPUUECKHUIt 3a-
PAJ; 3TO CBOIMCTBO HA3bIBAECTCS EMKOCMBIO.

Honvt dsusicymen uepes membpany co cxopocmuio, nponopuuonassnoti paswocmu
MENHCOY MEMOPAHNBIM NOMEHUUAIOM U pasnosecHbm nomenyuaiom. OGpaTuTe
BHUMaHMe: Ha puc. 3.12 mokasaHo, YTO NpHU AOGABJIEHUU KAHATOB CyM-
MapHOe JBMXeHUe HOHOB K' mpojomkanrocs TONBKO A0 TeX Mop, MokKa
3JIEKTPUYECKUI MOTEHUMal MeMOPaHbl OTIMYAJICA OT PABHOBECHOTO
noteHuuaia. PasHocTb Mex/y pealbHbIM MEMOPAHHBIM NMOTEHIIUAIOM U
paBHOBeCHbIM noTeHMaIOM (V- E ) 1)1 KOHKPETHOrO HOHA Ha3bIBA-
€TCs 3JIeKTPOABMIKYINEl CUI0i. Mbl BepHeMcs K Heil B 1aBax 4 u b npu
06CYXE€HUH JABHXEHUS HOHOB Yepe3 MeMOPaHy B XOJi€ MOTeHIMaIa Aeii-
CTBUA ¥ CUHANITUYECKOM Iepeadn.

. Ecau das uona ussecmna pasmocms xonyenmpayuii no obe cmopons. Memobpans.,
MOXHCHO paccuumams pasHosecHsili nomenyuan 044 amozo uona. B mpumepe Ha
puc. 3.12 MBI UICXOJMJIM U3 TOTO, YTO KOHIIEHTpalusa HOHOB K’ 6bL1a BbIe
BHYTpH KI1eTKH. [ToToMy MBI pemmy, 4To, eciu MeMOpaHa CTaHET U30U-
paTeapHO npoHunaeMa aja K*, paBHOBecHbIN noTeHUa1 6yAeT OTPHIa-
TeapHbIM. JlaBaiiTe pacCMOTPUM ApYroii NpuMep, B KOTOPOM KOHIIEHTpa-
1us Na* 6yaeT Bblie crapyxcu xtetku (puc. 3.14). Eciu B MeM6pane 6yayT
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HaTpUeBble KaHabl, Na* 110 KOHIIEHTPAIlUOHHOMY I'PaJIME€HTy HAUHET I10-
CTynaTh énymps KIETKU. IToCcTynieHne Mo0XXUTENBHO 3aPAXKEHHBIX HO-
HOB IIPUBEJET K TOMY, YTO IIUTO30JIb Ha BHYTPEHHE CTOPOHE MEMOpaHbI
NpPHOGPETET CyMMAapHbIN MOJIOXUTEbHbII 3apai. [TonoxuTensHo 3aps-
JKEHHasl BHYTPEHHAA IIOBEPXHOCTD KJIETOYHOI MEMOPaHbI TENEPb HAYHET
OTTaJIKUBATh HOHBI Na*, CTPEMSACH BLITOJKHYTb UX O6paTHO HaPYXy KJeT-
KM 110 HaTpUeBbIM KaHanam. I1pu onpesesleHHOM 3HaYEHUH Pa3HOCTH IO-
TEHIMAIOB 3JIEKTPUUECKUE CHJIbI, BbITalKUBalomue Na* Hapyxy, TOYHO
YPaBHOBECATCA € cUIaMu Aud@y3uu, TOJIKAIOMMUMU UX BHYTPb. B aTOM
npuMepe MeMOpaHHbBI NMOTEHIHaI B COCTOSSHUM PaBHOBECHUs GyAET ITo-
JIOXUTENbHBIM BHYTPH KJIETKH.

PaBHoMepHO PaBHOMEpPHO PaBHOMEpPHO

LnTo3onb BHeknetoyHas
XWUOKOCTb
MembpaHa

Puc. 3.13. PacnpepeneHue anekTpu4ecKkux 3apsaaos no o6e cTopo-
Hbl MeM6paHbl. 3apsabl NPOTUBOMNOMOXHBIX 3HAKOB BHYTPU U CHAPY XU
HenpoHa BbICTPanBaloTCA BAOMb MeMOpaHb! 6naroaaps anekTpocrtaTu-
4YeCKOMy B3avMOAENCTBUIO Yeped 3TOT TOHKUI 6apbep. O6paTuTe BHU-
MaHue, H4TO UMTO30Mb U BHEKNETOYHAA XMOKOCTb NO 6onbLuei CBoen
4acCTU 3NEKTPUHECKN HeATPanbHbl

ITpumepst Ha puc. 3.12 u 3.14 NMOKa3bIBAIOT, YTO IPH U3BECTHOI Pa3HOCTHU
KOHILIEHTPAlMii HOHOB 10 06€ CTOPOHBI MEMOPAHbI MOXHO yrafiaTh, KaKuM Oy-
JIeT paBHOBECHBII MOTEHIMa A1 o60oro nona. Cyaure camu. ITpeanonoxum,
YTO KOHIIEHTpalus HOHOB Ca®" BbIlIE CHAPYXKH KJIETKH U 9YTO MEMGpaHa U36U-
patesnsHO mponuiaema gis Ca?. ITonpoGyiiTe yragaTh, Kak GyAeT 3apspkeHa
MeMGpaHa 110 JOCTIXXEHUM PaBHOBECUS — MOJIOXUTEIBHO UM OTPULATETBHO.
ITonpo6yiite caenats TO xe camoe 4151 uoHOB Cl7, y4uThbIBas TOT QaKT, YTO MEMO-
paHa U36MpaTeIbHO NPOHULIAEMA AJI HUX, a KoHIleHTpauus Cl- Bbllie cHapyxu
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kneTku. (B nmociesneM ciydae GyapTe BHUMATeJbHbL: OGpaTUTE BHUMAHUE Ha
3HAK 3apsja MoHal)

Bce aTi mpuMepbl NOKa3bIBAIOT, YTO JJIA KAXX/JOr0 MOHA UMEETCA COGCTBEH-
HbII PABHOBECHBIN MMOTEHINAI — YCTONYUBBII 3IEKTPUIECKUI TOTEHLMA, KO-
TOpBIif BO3HUKAET, €CJIM MEMOPaHa IPOHULIAEMA TOJILKO AJ1S 3TOrO MoHa. Tak,
Mbl MOXX€M FOBOPHUTDb O KaJIUE€BOM PAaBHOBECHOM noTeHuuaie, E ; Hatpuesom

PaBHOBECHOM MNoOTeHIMane, E  ; KalbpliieBoM paBHOBECHOM noTeHuuaie, E_;

; ;
U T.J. A 3Has SHCKTpH‘{CCKHﬁNZ;aleI HMOHA M Pa3HOCTb KOHLEHTPaLMii MO ogae
CTOPOHBI MEMGPaHBI, MbI JIETKO MOX€M YCTaHOBUTBH, GYAET BHYTPEHHSS CTOPO-
Ha MeMOPaHbl 3apsXKEHa I0JIOXKHUTEIbHO WM OTPULIATENBHO MPU AOCTHXKEHUH
paBHOBecHs. B HeCTBUTENBHOCTH K€ MOXHO BBIYHCIUTBH mowHoe 3HAYEHUE
PaBHOBECHOTO MOTEHIIMAJA B MIJUIMBOJBTaX (MB), ucrosnb3ys ypaBHeHue, BbI-
BeJIEHHOE U3 3aKOHOB (PU3NYECKOI XUMU U, — ypaBHeHue HepHcTa, B KOTOpOM
YYUTBIBAE€TCS 3apsj MOHA, TeMIepaTypa U OTHOIIEHHE HapYXKHOI1 U BHYTpEH-
Hell KOHIleHTpaluu uoHa. Mcrosb3ys ypaBHeHHe HepHcTa, Mbl MOXEM paccyu-
TaTh 3HAY€HHE PAaBHOBECHOTO MMOTEHIMAJIA AJIs IIo6oro noHa. Hanpumep, ecin
K* BuyTpu xietku B 20 pa3 GoJiplie, 4eM CHapyXH, ypaBHeHue HepHcra gaet
Ham E, =-80 MB (Bpeska 3.2).

BHytpu  CHapyxwu
“kneTkn”  “knetkn”

(a) ‘ (6)

Puc. 3.14. Ewe oauH npumep yCcTaHOBNIEHUA paBHOBecUs B MeMm6paHe, o6nagatowei
u3bupaTtenbHOW NPoOHULAeMOCTblo. (a) [1Be obnacTu, paspgenieHHble HenpoHUULaemomn
MeM6paHoii: B 0fHOM (BHYTPW) BbICOKAA KOHLUEHTpauuWs conuv, B APYroin (CHapy»Xu) — HU3-
kas. (6) Bctpamsanne B Mem6paHy kaHana, u3bupartensHo npoHvuaemMoro ans Na*, cHava-
na Np1MBOAUT K CymMMapHoMy ABmxeHuio Na* no rpaaneHTy KoHUEeHTpauum, cnpaea Haneso.
(B8) Hakonnexve cyMmapHOro nonoXxurensHoro 3apsaga BHYTPU U OTpULATeNbHOro cHapy-
XN Mem6paHbl 3aAepXvBaeT ABMKEHUE NONOXUTENBHO 3apsikeHHbIX MoHoB Na* cHapyxw
BHYTPb. YCTaHaBNMBaeTca paBHoBecHe, NpU KOTOPOM CyMMapHOe ABWXEHWE MOHOB Yepes
Mem6paHy NPpekpaLLaeTca U Co3AaeTCA Pa3HOCTb NOTEHUMAIOB MEXAY 06enMin CTopoHaMu
Mem6paHbl; B JAHHOM Cy4ae BHY TPEHHAA CTOPOHA MeMO6paHb! 3apsXeHa NosIoXUTENbHO No
OTHOLLIEHWIO K Hapy>HOM
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ECEICRIZI Ha nepegHeM Kpae Hayku

YpaBHeHue HepHcrta

PasHoBeCHbBIN NOTEHUMan Ans MoHa MOXHO paccymTaTb C MOMOLLBIO YpaBHEHUS
HepHcra:

E,. =2 303— M
ZF 7 [vow),

roe
E,. — PaBHOBECHbIN NMOTEHUMAN NOHa;
R — ra3osast NOCTOAHHaS,
T — abcontoTHaa TemnepaTtypa;
z — 3apaf MoHa;
F — nocTosHHan dapages;
log — pecATnyHbIA norapudwm;

[MOH], — KOHLIEHTPALIMA MOHA CHaPYXM KNETKK;
[MIOH], — KOHLIEHTPALMA NOHa BHYTPY KNETKW.

YpasHeHve HepHCTa BLIBOAWUTCA U3 3aKOHOB (hn3nyeckon xmummn. [laearite nonpo-
6yeM pa3obparbCs B HEM.

Kak Mbl NOMHWM, paBHOBecWe [OCTUraeTcs 6narofaps ypaBHOBELLMBAHWMIO ABYX
cun: andbdysuu, Noa BAUSHUEM KOTOPOM WMOH ABWXKETCSH MO rPagueHTy KOHUeHTpa-
LUum, 1 3NEKTpUYECTBa, 06ECNEeYMBAIOLLIEr0 NPUTSXKEHNE NPOTUBOMONOXHBLIX 3aPAL0B
1 OTTankueaHne ogHOUMEHHbIX. C yBENMYEHWEM TENNOBON 3HEPIUN KaXKAOW 4acTuubI
Bo3pacTaeT anddyana n NOTOMy yBENNYMBAETCA PA3HOCTL NOTEHUMANOB. TaknuMm 06-
pasom, sennumHa E,  nmponopumoHansHa T. C Apyroi CTOPOHsI, NOBbILLIEHWE 3MEKTPK-
4ECKOro 3apafa Kaxxaow YacTulbl yMeHbLLAeT pa3HOCTb NOTEHUMANoB, HEOOX0ANMYIO
ANs ypasHoBeLUvBaHus ancbdyaum. Moatomy E, | 06paTHO NponopumoHaneH 3apsay
noHa (z). MoxHo He 6ecnokonTbCs 0 BenuynHax R n F B ypasHeHun HepHcTa, no-
CKONbKY OHW SBNSIOTCH NOCTOSHHBIMU.

Mpwn Temneparype Tena (37 °C) ypasHenne HepHcTa ana Hawbonee BaXKHbIX
noHos — K+, Na*, Cl- n Ca®* — ynpouiaetcs go:

= —6154MB|og[[K+]
(Na*],

E\. =6154mB lo

Na g[N +]
Cr

E; =6154mB Iog[[CI ]]
[Ca*],

Ecs =3077uB og
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MoaTOMy BCe, YTO HaM Hy>XHO 3HaTb, 4TOObI pacC4MTaTb PABHOBECHbIV NOTeHUMan
ANA ONPEeAEeneHHOoro noHa NPy TeMneparype Tena, 3TO MOHHbIE KOHUEeHTpauun no obe
CTOPOHbI MembpaHbl. Hanpumep, B npuMepe, M306PaXXEHHOM Ha puC. 3.12, Mbl yKa-
3bIBaNu, 4T0 KOHUEHTpauua K* BHyTpW KNETKWN B ABafUaTh pas Bbile, YeM CHapyXu:

K, _ 1

ecnum [K+] =E
1

nlog—=-13,
g20

10 E =61,54MB x-13=-80mB.

O6patuTe BHUMaHWe, YTO B ypaBHEHUN HepHCTa HET BbipaxeHus, 0603HavaroLLe-
ro NPOHMLAEMOCTb M MOHHYIO NPOBOAMMOCTb. 3TO 03HAYaeT, YTO ANA pacyeTta Be-
M4mHbl E, | HE HyXHO 3HaTb 136MPATeNbHOCTL, MW NPOHMLIAEMOCTb, MeMGpaHbl AN
noHa. PaBHOBECHbIN NOTEHUMAN CyLWEeCTBYET ANA KKAOrO MOHA BO BHYTPUKNETOYHOM
NN BHEKNETOYHON XUAKOCTU. BenuanHa E, | — 370 noTeHuman Ha MemGpaHe (Mem6-
PaHHbIN NOTeHUMan), KOTOPbIN YPaBHOBELLMBAET KOHLIEHTPALMOHHbIA rpaaveHT aaH-
HOrO WMOHAa, Tak YTO B LeNOM, HECMOTPA Ha TO, Y4TO MembpaHa NpoHuLUaema Ans aToro
MNOHA, TOK MOHOB Yepe3 Hee He BO3HMKAET.

PacnpepeneHue UOHOB No 06e CTOPOHbI MEMGpPaHbI

Teneps cTan0 ICHO, 4YTO NOTEHIMAI HA MEMOPaHE HEIPOHA 3aBUCUT OT KOH-
LEHTPpal1ii MOHOB 1O 06€ CTOPOHbI MeMOPaHbl. IIpu6Iu3nTeNbHbIE 3HAUYEHUS
3TUX KOHLEHTPALMii yka3aHbl Ha puc. 3.15. BaXXHbIM MOMEHTOM SIBJISIETCS TO,
uTo konyenmpayus K eviue enympu xaiemuu, a Na* u Ca® - crapyscu.

Kak BO3HMKAIOT 3TH I'pPajJUEHTbl KOHIEHTpauuu? [pagueHThl KOHLIEHTpa-
LMY NOHOB yCTaHABJIMBAIOTCA 6J1arofaps paboTe MOHHbIX HACOCOB B MEMOPaHe
HeiipoHa. /[Ba U3 HUX UMEIOT 0cO6O€E 3HaYeHHUe AJI KIETOUYHOM Heipodusu-
OJIOTUM: HAaTPUil-KaIueBblil HACOC U KalbLMeBblil Hacoc. HaTpumii-kantuesbiit
HACcoC NpPEeJCTaBISIeT co6oii ¢pepMenT, pacmemisiomuit AT® B npucyrcTun
BHYTPUKIETOYHOrO Na'. BbICBOGOXAaeMYIO NMPHU 3TOM XMMUYECKYIO SHEPIUIO
HACOC MCIIOJIb3YET JJI TOTO, YTOObI BHIBOAUTD U3 KIeTKU Na* u 3akauusaTh K.
Pa6ota Hacoca npuBoauT K TOMy, uTo K* HakamiuBaeTcss BHYTpU HEHpOHa, a
Na® — cnapyxu. O6paTuTe BHUMaHUE, YTO HACOC N€PEMENIAET 3TU UOHBI Ye-
pe3 MeMOpaHy NPOTUB UX IpaJeHTa KOHLeHTpauuu (puc. 3.16). Takas pa6oTa
Tpe6yeT pacxo/ia 3HEpPTrUH, MOJyYaeMoii B mpoliecce o6MeHa BelecTs. JleiicTeu-
TE€JIbHO, GbUIO YCTAHOBJIEHO, YTO JJ151 Pa6OThl HATPUI-KAIMEBOTO HACOCA PaCXo-
ayercs 70% Bceit AT®, ucnosb3yemMoii MO3rom.

Kanpuuesblit Hacoc Takxe npeactabiaseT co6oii ¢pepment. OH ocymecTs-
JISieT aKTUBHBIIA TpaHcopT Ca? M3 LUTO30J11 HAPYXKY Uepe3 KIETOUHYIO MeMG-
pany. CyIIecTBYIOT AOINOJHUTEJbHbIE MEXaHM3Mbl, CHUXAIOUIME BHYTPHUKIE-
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Tounslit [Ca?] 1o ouenn Hu3koro 3uavenus (0,0002 MMOJIb); K HUM OTHOCATCS
BHYTPUKIETOYHbIE KaJIbLIMI-CBA3BIBAIONINE GEJIKU U TAKUE OPraHe/UIbl, KaK MU-
TOXOHJPHUH U Pa3HOBUAHOCTb SHAOIUIA3MATHYECKOTO PETHUKYJIYMa, CIIOCOGHAs
3aXBaThIBATh KAJIbLUHA U3 LIMTO30JIA.

CHapyxu

Vo KoHueHTpauus KoHueHTpauus OL:?;?;:'E Eo
CHapyxv (8 MM) BHYTPU (B MM) BHyTPU” (npn 37°C)
K* 5 100 1:20 -80mB
Na* 150 15 10 1 62mB
Ead 2 0,0002 10000:1  123mB
CI- 150 13 11,5:1 -65mB

Puc. 3.15. NpnénusntenbHble 3HAYEHUA KOHLUEHTpauuM UOHOB NO
06e CTOpOHbl Mem6paHbl HelpoHa. E, — 3Ha4eHne MeMOBpaHHOro
noTeHumana, KOTopoe ycraHasnueanocb 6bl (Npy TemnepaType Tena),
ecnn 6bl Memb6paHa 6bina u3bupaTtenbHO NpoHuuaema AnA AaHHOro

NOHa
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HoHHble HacoChbl — HEBUAMMBIE F€POU KIETOYHOM Heitpodusmogoruu. OHn
IIOCTOSIHHO TPYASITCSI, CO3/jaBasi ¥ NOJ i€ PXKUBasl KOHLIEHTPallMOHHbIE IPaJUeH-
Thl HOHOB. BO3M0O>XHO, OHM JIMIIEHbI OYAaPOBAHUs, IPUCYLIETO BOPOTHBIM HOH-
HbIM KaHaJlaM, OJJHaKO 6€3 MOHHbIX HACOCOB He 6bLIO Obl MEMOPAHHOTO MOTEH-
LMasIa [OKos, a paboTa MO3ra 6b11a 6b1 HEBO3MOXKHA.

BHekneTo4Has HaTpuit-kanuessle HacocH!
XNOKOCTb

\%‘ Memb6paHa
LuTosonb

Puc. 3.16. Hatpuit-kanueBbiih HaCOC. 3TOT MOHHLIM HAcoC NPeacTaBnseT coboW
MeM6paHHbIn 6enoK, KOTOPLIA OCYLLECTBNAET TPAHCMOPT MOHOB Yepe3 MemOpaHy
NPOTUB rPaANEHTOB UX KOHLEHTPaLUMK 3a CHeT 3Heprm o6meHa BeLLecTs

OTHOocUTenbHas NPOHULLAEeMOCTb MeM6GPaHbl AN MOHOB
B COCTOSIHUM NMOKOSA

braromapst pa6oTe HacoCOB yCTaHABJMBAIOTCA PAaAMEHThbl KOHIIEHTPAIUU
MOHOB IO pa3Hbleé CTOPOHBI MEMOPaHbl HEHpOHA. 3Hasi KOHIEHTPAaLMU 3THUX
MOHOB, C NOMOIIbIO ypaBHeHUs1 HepHcTa MOXHO paccuuTaThb paBHOBECHBIM
MOTEHIUT JUISL KLKAOTo MoHa (cM. puc. 3.15). OxHako ciefyeT NOMHUTD, YTO
PaBHOBECHBII MOTEHIUAT /ISl MIOHA €CTh MOTEHIMAT Ha MeMOpaHe, KOTOPbIi
yCTaHaBJIMBAETCA B TOM CJIyYae, ECJIM MEMOPaHa u3bupamersio nporuyaema Tob-
KO JUISl 3TOro MoHa. B peabHbIX yc10BUSAX MeMOPaHa HeifpoHa NPOHMIIaeMa He
TOJIBKO JUIsl OHOTO BH/a MOHOB. Kak 3T0 cka3pIBaeTcs Ha 061 el KapTUHE?

PaccMOTpUM HECKOJIBKO BO3MOXHBIX cuTyaluii ¢ yuactuem K* u Na'. Ecin
6bl MeMOpaHa HelipoHa 6blLla MpoHUIlaeMa ToJbko Ans K', memOpannblii mo-
TeHuMan 61 6ol paBeH E,, koTopsiit cortacHo puc. 3.15 cocrasaser -80 mB.
C apyroi cTopoHbl, eciv 661 MeMOpaHa HeiipoHa Gbljla IPOHUIAEMa TOJIbKO JJIs
Na*, mem6panHblit noTeHuuan 6ou1 6b1 paBe E , T.e. 62 MB. Onnaxo ecm 6b1
MeMOpaHa HeifpoHa 6Gblia OJUHAaKOBO npoHunaema M K* u Na*, To norenuu-
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aJl, KOTOpbII YCTaHOBUJICS Obl B pe3y/bTaTe Ha MeMOpaHe, ObLT Gbl paBeH He-
KOeMy cpeaHeMy 3HadeHuto mexay E u E, . A uTo ecnu 6b1 Mem6paHa Gblia B
40 pa3 6osee nponunaema g K*, uem p1a Na*? Torga MeMGpaHHbBIit NOTeHIU-
a1 GbLI Gbl ONATH-TAKM PABEH HEKOEMY CpeJHEMy 3HaveHuUIo Mexay E u E,,
HO OHO ObLIO Obl yXe ropasjo 6Jmxe K EK, 4yeM K ENQ. TakoBa cutyauus B Ha-
crosAmuUx HeiipoHax. PakTyeckuil MEMOPaHHBI MOTEHLUAI NOKOS, paBHbIN
—-65 MB, npu6mkaeTcs, XOTs U He paBeH, K paBHOBECHOMY IOTEHLIMAJTY KaJIH .
Takasi pasHUIla BO3HUKAET OTOMY, YTO, XOTsI MEMOpPaHa B MIOKO€e 06J1afaeT Bbl-
coKoi1 npoHuIiaemMocThio A5 K*, Na* B nokoe Takxe B HEG0JIbIIOM KOJIMUECTBE
MonafaeT BHyTPb KIETKH.

MeMOG6paHHbBIil MOTEHIMAT IOKOSI MOXHO PacCYUTaTh C IIOMOLILIO ypaBHe-
Husa [oxbaMaHa, yYUTHIBAIOLIETO OTHOCUTEBHYIO IPOHUIIAEMOCTb MEMOPAHDI
J1s1 pa3HbIX MOHOB. Eciin Hac unTepecyloT Toabko K™ n Na*, To Bocnossadyemcs
KOHIEHTPALMAMH 3TUX MOHOB, KOTOpble NPUBOAATCA Ha puc. 3.15, u yurem,
YTO IPOHULIAEMOCTb MeMOPpaHbl B nokoe 111 K* B copok pa3 Bbllle, ueM AJis
Na’. B aTom ciyuae ypaBHeHue JoibaMaHa AacT MEMOPaHHbINA NOTEHLMAI IO-
KOs, paBHbli1 —65 MB, — 3HaueHHe, KOTOpOE COOTBETCTBYET pe3y/IbTaTaM HaGJIo-
JeHuii (Bpeska 3.3).

Mup kanueBbIX KaHanoB

Kak mbl y6eamnuch, n3bupaTejbHass NPOHULAEMOCTb KaJIMEBBIX KaHAIOB
ABJIAETCA OCHOBHBIM (PAaKTOpPOM, OINpeAesAIomMUM MeMOGPaHHbIA NOTEHIHAI
IIOKOS, 2 3HAYUT U PYHKIMIO HellpoHOoB. KakoBa MoJieky/IsipHast OCHOBa TaKoil
CeJIEKTUBHOCTU? V3bupaTebHas MNPOHULIAEMOCTh JJisi MoHOB K* o6ecneuusa-
€TCsl PacHoJIOXEeHNEM aMUHOKHMCJIOTHBIX OCTATKOB, BBICTHJIAIONINX TOPY KaHa-
J1a u3HyTpU. OTPOMHBIM YCIIEXOM CTIO omnpefesneHue B 1987 r. aMuHOKHUCTIOT-
HOM IOCJIEAOBATEIBHOCTH CEMENCTBA KAJIHEBBIX KAHAIOB Y ILUIOAOBOI MYIIKU
Drosophila melanogaster. ITO HacEKOMOE 4aCTO JOCaXJaeT HaM Ha KyXHe, OflHa-
KO OHO 4YpEe3BbIYaifHO M0JIE3HO B JJAGOPAaTOPHH, IIOCKOJIbKY €O FeHaMH MOYHO
MaHHUNYJIMPOBAaTh TAKUMHU CIIOCOGAMM, KaKHe JaJleKo He IPUMEHUMBI B CJIydae
MJIEKONUTAIOIMX.

HopManbHbIX MylIek, Kak ¥ 4eJIOBEKAa, MOXHO YChIIMUTDb C IIOMOIIbIO MapoB
acupa. Bo Bpems uccire10BaHMit Ha AaHECTE3UPOBAHHBIX TAKHM IyTEM HAaCEKO-
MBIX GBLJIO OGHAPYXKEHO, YTO MYLIKH OJHOI U3 MyTaHTHBIX JIMHUI OTBEYAIOT Ha
3¢up nojepruBaHNEM JanokK, KpbUIbeB U 6PIONIKA. JTa JMHUA [10J1yYna Ha3Ba-
Hue Illeixet?. B peaysibraTe TIMATENbHBIX MCCJEJOBAHHII BCKOPE BBISCHIIIOCH,
YTO CTPAHHOE IOBEJICHUE 3aBUCUT OT JieheKTa B OCOOOM TUIE KaJHEBbIX KaHa-
JoB (puc. 3.17, a). C noMoIbio MOJIEKYJIIPHO-GHOJIOTNYECKUX METOAOB YAAJIOChH
pacmngpoBaTh OCJIeA0BATEIbHOCTb MyTAHTHOTO reHa JIUHUU Illetixep. 3HaHUE

20T aHrn. shake— “TpAcTU”. — ITpumen. nep.
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Ha nepeaHem kpae Hayku

YpaBHeHue fonbapmaHa

Ecnm 661 MeMbBpaHa HerpoHa 6bina NnpoHuuaemMa Tonbko Ana K+, MeMOpaHHbIi no-
TeHuman Bbin Obl paseH E,, 7.e. okono —80 MB. OaHako 310 He Tak: M3MepeHHbI Mem-
6paHHbI NOTEHUMan TUNWYHOIO HEMPOHA COCTaBNSET OKONo —65 MB. 3T0 HecooTBeT-
cTBME 0OBACHAETCA TEM, 4TO MeMbpaHa HaCTOALWEro HeMpoHa B NOKOE NpoHWLiaeMa
He Tonbko Ana K+, HO 1 B HekoTopoi cteneny ans Na*. ECnv n3sectHa OTHOCUTENbHaRA
NPOHMLIAEMOCTb, C NOMOLLIbIO YpaBHEHWA [ONbAMaHa MOXKHO paccyuTaTtbh noTeHuman
mMeMbpaHbl B COCTOAHWUM paBHOBECUA. Tak, ANA MEMOPaHbI, NPOHULIAEMOM TONBKO ANS
Na* v K* npn 37 °C:

+ +
V. =6154uBlog Kl e +RMNa'l,
B K™ ] + R, [Na™],
roe V, — MeMmGpaHHblii noTeHuman, P, 1 Py, — OTHOCUTENbHbIE NPOHMLAEMOCTH Anst
K* 1 Na* COOTBETCTBEHHO, @ OCTanbHble NOKAa3aTeNnn — Te Xe, YTO U B yPaBHEHUN
HepHcTa.

Ecnn npoHuuaemocTs MembpaHbl B nokoe ana K* B 40 pas Bbiwe, 4eM ana Na*, To
pelleHre ypasHeHus MonbamMaHa nocne NOACTAHOBKM KOHUEHTpaUWii, NpuBeaeHHbIX
Ha puc. 3.15, paet:

V, = 61,54MB|09M =6154mBlog =0 = -65MB.
40(100) +1(15) 4015

nocaegosaTenbHocTH JJHK Tak HazbiBaeMOro KaiMeBOro KaHala “meifkepHo-
ro” THUIa MO3BOJIMJIO UCCIEAOBATEISAM Ha OCHOBAHUH CXOJCTBA IOCJIEA0BATE b
HOCTE HaifTU reHbl APYrUX KalUeBbIX KaHaIOB. [Ipu 3ToM ObLIO OGHAPYKEHO
CyIECTBOBAHNE OYEHb GOJIBIIOrO KOJIMYECTBA Pa3TMYHbIX KAIMEBBIX KAHAIOB,
B TOM 4YHCJIE U T€X, KOTOpbl€ OTBEYAIOT 32 MeMOGPaHHbII MOTEHIMAT IIOKOSA B
HepOHaXx.

BobIMHCTBO KaIMEBBIX KAHAIOB COCTOAT U3 YEThIpEX CYGEAUHHLI, pacIo-
JIOXKEHHBIX IIOZOGHO G0YapHBIM KIenkam® B 60uke 1 6Jaroaps TAaKOMy pacro-
JIOXEHUIO oOpasyiomux nopy (puc. 3.17, 6). HecmoTps Ha Bce pasHooGpa3ue,
CYGBEAVMHULIBI PA3IMYHBIX KAIMEBbIX KaHAIOB 00JAJal0T OOGUIMMU YepTaMu
CTPOEHHUS, KOTOpbIE HAAEJAIOT UX CIOCOGHOCTBIO U3GUPATEIbHO MPOIYCKATh
K*. Oco6blit MHTEpec nNpeAcTaBIsgeT cO60it 06/1aCTh, Ha3blBaeMas NopPosoL nem-
neil, KOTOpas 06Pa3yeT celekmusHyill Puavmp, 06eCrednBaIOMMIA KaHaTy IPOHU-
IIaeMOCTb npeumymecTseHHo 1A K* (puc. 3.18).

* VI30rHyTBIi JepeBAHHBII 3IeMEHT CTEHKH 60UKHU. — ITpumen. nep.
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Kanuesbi

KaHan
BHeknetoyHas “LieiikepHOro”
XNOKOCTb = TAna

. ‘}MeM6paHa

Metns nopel

-

(6)

Puc. 3.17. CTpoeHue KanuweBoro kaHana. (a) Kanvesolin kaHan “wweikepHoro” Tuna B kKne-
TOYHON Mem6paHe NnoaoBov MyWwkW Drosophila, BUA cBepxy, NONyYeHHbLIA C NOMOLLbIO
3NEeKTPOHHOro Mukpockona. (Mcroqnuk: Li et al., 1994; Fig. 2.) (6) Kanvesbii kaHan “wei-
KEepPHOro” Tna CoCTOMUT U3 YeTbIpex Cy6beAnHUL, YNOXEHHbIX NOAO6HO 604apHLIM KNienkam
1 6narogaps TakoMy pacnonoXeHuto o6pasyoLmx nopy. Ha BeliHOCke: cy6beavHnua B yBe-
JIM4EHHOM BUAE; TPETUYHANA CTPYKTypa 6enka coaepXuT NeT o NOpbl — YacTb NoAvNenTUa-
HOW uenu B ¢hopMe LUNWUIILKK, PacnonoXeHHON B NNOCKOCTM MembpaHbl. MeTns nopel sB-
NAeTCcA BaXHeNWwen YacTbio unsTpa, o6ecneunsaioLlen n3bmpaTtensHylo NPOHULAEMOCTb
KaHana ans K+

B oTkpbITHE MOPOBOI1 NET/IN KAaK CEJIEKTUBHOTO PUIbTPA BMECTE C MyIIKaMU
BHEC BaXKHbIii BKUIaJ| ¥ AJ0BUTHI ckopnuoH. B 1988 r. Kpuc Muiep, 6uoJor
u3 Yuusepcutera bpangeiica, u ero crygent Pogepux Mak-Kunnon na6imo-
JlaI, 4TO 7 CKOPIIHOHA GJIOKMPYET KaJueBble KaHaIbl (M TAKUM 06pa3oM OT-
PaBJISeT )XEPTBY) IyTEM IPOYHOTO CBA3BbIBAHUSA C OJHUM CATOM BHYTPH IOPbI
kaHata. OHM UCIIOJIb30BAIM 3TOT AJ JJIs TOUHOI UJeHTU(dUKanuu pparmeHTa
AMHUHOKHCJOTHOM MOCJIeJOBAaTeIbHOCTH, OOpPa3yIoIero BHYTPEHHNUE CTEHKU U
CeJIEKTUBHbIN (pUILTp KaHala (Bpe3ka 3.4). Mak-KunHOH 3aTeM Bocco3aan npo-
CTPAHCTBEHHYIO aTOMHYIO CTPYKTYPY KaJIM€BOro KaHaJjia. TO OTKPBITHE B KOH-
11e KOHLIOB MO3BOJIMJIO IIOHATb (PU3MUECKYI0 OCHOBY MOHHOIA CE€JIEKTUBHOCTU U
npuHecjgo Mak-Kunnony B 2003 r. Ho6GeneBckyio mpeMHio B 06JaCTH XMMHUH.
B HacTosimee BpeMs XOpOIIO U3BECTHO, YTO MYTallMM, 3aTParuBaiomue BCEro
OJIHY aMUHOKHCJIOTY B JAaHHOM Y4acCTKe, MOTYT BbI3bIBaTh TsKeJIble HapylIeHUs]
B paboTe HeipoHa.
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IIprMepoM MOXET CJIYXUTh JIMHHS MbllIeil ¢ Ha3BaHUeM Bugep (aHDI. —
Weaver). TH XUBOTHBIE HCIBITHIBAIOT TPYAHOCTU C NOJJEPXKAHUEM IO3bI U
HOpPMaJIbHBIM NepeaBrkeHneM. Fccie1oBaHNs BBISBIUIM MYTALIUIO, 3aTPAaruBa-
IONIYIO €JUHCTBEHHYIO aMHHOKHCJIOTY B TETJIE TIOPbl KAJIMEBBIX KAaHAIOB, KOTO-
pble pacroJsioxeHbl B OCOGBIX HEHPOHAX MO3XKe4Kka — OGJIACTH MO3ra, Urpaio-
11ei1 BaXKHEIYIO poJib B KOOPAMHALIMY ABIKEHUM. B peaysbraTe aToi MyTanum
Na' nosiyyaeT BO3MOXHOCTb IPOXOJUTD Yepe3 KaHal, kak U K'. IToBblmeHne
HAaTPHUEBOW NPOHUI[AEMOCTH NPHBOAUT K TOMY, YTO MEMOPAHHBIN MOTEHIIHAT
3TUX HEPOHOB CTAHOBUTCS MEHee OTPHLATE/bHBIM, U3-32 YEro HapyllaeTcs
nx ¢pyHkuusd. (Kak nosaraior, MMEHHO HeJJOCTATOYHas BeJIMYMHA MEMOPAHHOTO
NOTEHIMAIa 3TUX HEHPOHOB SBJIAETCS NPUYMHOM MX NpeXJeBPEMEHHOI I'u-
6e;m.) OTKPBbITHSA MOCIE€AHUX JIET BCe GOJIbLIE NOAKPEIUISIOT IPEANOJIOKEHNE
O TOM, YTO B OCHOBE MHOTHX HAaCJIeJICTBEHHBIX HEBPOJIOTMYECKUX HapyIIeHUI
4eJIOBEKA, TAKUX KaK HEKOTOpbIe (pOPMBI SIUJIEIICUH, JIEKAT MyTallMU B OIpe-
JIeJIEHHBIX KAJIMEBBIX KaHaIaX.

Puc. 3.18. Bupa nopbl KanueBoro kaHana. HegasHo pacluncgpoBaHHas atoM-
Has CTPYKTYpa Kanuii-ceneKTUBHbIX MOHHbIX KaHanoB. Ha pucyHke npeacras-
NeH BWO Ha NOPY CHApYXW KNETKW; NPOCTPaHCTBEHHAs MOAeSb aTOMHOro
cTpoenus. KpacHbliin Wwapvk B ueHTpe — unoH K*. (Uctoynmk: Doyle et al., 1998)
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3HayeHue perynauun HapyXHoH KOHLEHTPaLUK Kanusa

ITockosbky MeMOpaHa HeHpOHa B IIOKOE MPOHHLIA€Ma MPEUMYIECTBEHHO
ansa K*, 3Hayenne meM6paHHOro noteHnuana 6;1u3ko x E, . Jipyrum creactsuem
BBICOKOI1 NpoHUIaeMocTH 1151 K* ABsieTcs TO, YTO MEMOPaHHBII1 MOTEHINAI
OKa3bIBa€TCA YPE3BbIYAHO YYBCTBUTEJIbHBIM K KOHLIEHTPAIMN BHEKIETOYHO-
ro Kaus. 9Ta B3aUMOCBA3b IOKa3aHa Ha puc. 3.19. JlecATHUKpaTHOE NOBBILIE-
Hue KoHleHTpauuu K* cHapyxu xieTku, [K*]o, ¢ 5 no 50 MMob, IpUBEZET K
M3MEHEHHUIO MEMOPAaHHOro noTeHnuaIa ¢ 65 10 -17 mB. IsameHeHne MeMGpaH-
HOTO MOTEHILMAJA C ero OGBIYHOrO 3HaueHUs B nokoe (—65 MB) g0 MeHbuIero
3Ha4YEeHUs Ha3bIBAETCs Jemosspu3anueii MeMOpaHbl. Cliel0BaTeIbHO, N08biuie-
HUE EHEKAEMOUHOZ0 KANUA 0ENOAAPUIYem HEUPOH L.

20 -
0
~20 Puc. 3.19. 3aBUCMMOCTb MEM6PaHHOIO
noTeHuMana ot HapyXHON KOHLUEHTpaLuum
Kanus. [Nockonbky Mem6paHa HeripoHa B

NoKoe NpoHvuaema NpeMmyLLEeCTBEHHO ANA
K*, necatukpaTHoe nosbiwenue [K*] ¢ 5 ao

Mem6paHHbIi noTeHuman (MB)
IS
o

-80 o 50 Mmonb NpueedeT K genonapusauum Mem-

-100 Lo L1 1111 6paHbl Ha 48 MB. [laHHaa 3aBUCMMOCTbL pac-

1 10 100 cuntaHa ¢ NOMOLLLIO ypaBHeHUs MonbaMaHa
[K+], (MM) (c™m. Bpesky 3.3)

YyBCTBUTEILHOCTh MeMGPaHHOro noteHnuaia k [K'] npusesa k Tomy, uro B
XO0Jle BOJIIOLMH ObUIM BbIpaGOTAaHbl MEXaHU3MbI XECTKO}1 PEryJIAIUN KOHIEHT-
panuy BHEKIETOUYHOTO Kaius B Mo3re. OHUM U3 HUX SIBJISETCSA reMaTodHIeda-
JMdecKuii 6apbep — CBOMCTBO CTEHOK KaIMJIJISIPOB MO3ra OrPaHUYMBATh IOCTYII-
JIeHHe KM (M APYrHX BEIECTB U3 KPOBH) BO BHEKIETOYHYIO XKH/KOCTb MO3ra.

I'us, 0c0O6€HHO acTPOLUTHI, TaKXKe 061anaeT 3(pHEKTUBHBIMY MEXaHU3Ma-
MU 3aXBaThIBATh BHEKIETOUHBI K*, eciin ero KoHLleHTpaLys MOBBIUIAETCS, YTO
IPOUCXOJUT BO BpeMs IIEPHOJOB BbICOKOI aKTUBHOCTH HeiipOHOB. Bbl moMHM-
T€, UTO aCTPOLUTBI 3ANIOJHAIOT GObIIYIO YaCTh IPOCTPAHCTBA MEX Yy HeiipoHa-
MU B Mo3re. B MeMGpaHe acTpOLIMTOB MMEIOTCS KaMeBble HAaCOCHI, Garojaps
koTopbiM K* HakammBaeTcs B MTO30J€, a Takxke KalueBble KaHabl. Korna
[K*], BospacTaet, K nocTynaet B acTpOLMTBI 10 KalTMEBBIM KaHaIaM, BbI3bIBast
JEnoapu3anuio ux memopansl. [Toctynienne K* mpuBoAUT K NOBBINIEHUIO BHYT-
PHMKJIETOUHO KOHIEeHTpanuu Kanus, [K'],, koTopas, kak noJiaraiot, paccensa-
eTcs 110 60JIbIIOMY 0ObEMY CETH, 06pa3yeMoil OTPOCTKaMU acTpOLMTOB. Takoi
mexanuam peryasuuu [K'] acTpounTamm momyuusn HasBaHHME npocmpancmeen-
nas Oygepusayun uonos xarus (puc. 3.20).
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Hdoporow oTKpbITUA

B noHHOM KaHane — Ha owynb
astop: Kpuc Munnep

MyTb K HAay4HOMY OTKPLITWIO BCEraa HanoMMHan MHe AETCKYO
urpy. Ha nepeom aTtane Bcex nccneaoBaHuii, B KOTOPLIX A KOraa-nbo npuHuMan y4a-
CTWe, MHOIO BCerga ABurano YMCcTo AeTCKOe yAOBONbLCTBME OT NePBOro 3HaKOMCTBA C
HOBOW Npo6nemMoit. TONbKO NO3OHEE HAYMHANCH MyYUTENbHLIA NOUCK, TPeboBaBLUMIA
OCHOBATENbHOW NOArOTOBKN M HANPSXXEHHOMO Tpyda ANs TOro, YTo6bl NPUCTYMMUTL K
peLLeHuNio 3aaasdn — a MHoraa v NONHOCTLIO padrajath Kakylo-nvbo 13 3araaok npu-
poabl. B TOM “necodHnue”, B KOTOPOW A urpato B TedeHne nocneanux 40 neT, nexar
MOW CaMble NIOBUMbIE UMPYLLIKM — MOHHbIE KaHanbl. 3T0 NPOHWM3bIBAtOLLME MeMOpaHy
6enkoBble MONEKYNbI, KOTOPLIE BYKBaNbHO CO34at0T INEKTPUYECKMNE CUrHANBI HEPO-
HOB, BAbIXaa XW3Hb B HEPBHYID CUCTEMy. ECnn MO3r — 3TO KOMMNbIOTEP (aHanorvs
6pockasn, HO HETOYHAs), TO MOHHbIE KaHanbl — ero TpaH3ncTopbl. MNoBuHYyACHL Brono-
FMYECKUM CTUMYNaM, 3TV KPOLLEYHbIE 6ENKOBbIE NOPbLI 06PA3yoT Ny ANA Anddy3nm
Takmx MOHOB, kak Na*, K+, Ca?, H* n Cl-, KoTopble, NEPEHOCH 3NEKTPUHECKMIA 3apsaa
4yepe3 MembpaHy, 06ecneymBatoT reHepaumio, pacnpPOCTPaHEHVE N PEryNALMIO CUrHa-
NOB, B OCHOBE KOTOPbIX NexaT noTeHumans KneTok. MHOro neT Hasaf B 9KCnepuMen-
Tax, NepBoHaYanbHO NOCBALWEHHBIX COBCEM APYroMy CyObekTy — Ca*-akTBmnpyemMo-
My (hEPMEHTY, A HEOXMAAHHO HATKHYNCA Ha K*-kaHan. A sniobuncs 8 3Tn 6enkosble
06pas3oBanns, 1 31a NIOOBL CTana TONbKO CUNbHEE 3a rofbl Moer paboTbl B yavBK-
TENbHOM MUPE INEKTPOUINONOTM C ero 06UTaTENAMN — MHOXECTBOM Pa3NnyHbIX
6€nKOB NOHHbIX KaHanoB..

CTypeHyeckuii Kypc uavku 1 nocnegytowias pabota yumreneM Matematviku B
CTapLumx knaccax aanu MHe BO3MOXHOCTb B 1970-e rT. 3aKOH4YWTb By3, acnupaHTy-
py 1 nony4vtb COOCTBEHHYIO nabopaTopuio B YHmeepcuteTe bpangeica 6e3 dop-
ManbHO NOArOTOBKW (M C BECbMA ManbiMX NO3HAHWAMKM) B 06NaCT HEMPOBUONOrmn
1 anekTpocpuranonornn. NMocTeneHHO oceBamsasn 3TM 06NaCcT C NOMOLLBIO KHWT, BMW-
TbiBaA MOOYIO MHPOPMALMIO, KOTOPYIO MOXHO ObINO NONYHYMTL B MOEM OKPYXEHWUW,
YBNEKCA BONPOCOM: Kak MOHHbIE KaHanbl, BOCMPUHMMAEMbIE B TO BPEMSA TOMbKO Kak
6enku, BoipabaTbiBaloT GMOINEKTPUHECTBO. B TO e BpeMa MeHs BCe 6onbLUe Ha4nHa-
na nyraTb CNOXHOCTb YCTPOWCTBA XKMBbIX KNETOK N HEOAHO3HAYHOCTb O6BACHEHWNIA MO-
NeKyNAPHON OCHOBbI PE3YNLTATOB 3KCNEPUMEHTOB Ha KNETOYHLIX MembpaHax. Takoe
COYEeTaHNe yBNEYEHHOCTN N CTPaxa NPUBENMN MEHS K YNPOLLEHHBIM “UCKYCCTBEHHBLIM
MeMmbpaHam”, padpaboTaHHbiM [onom Mionnepom B 1960-X rr., KOTOPbLIE AaBany BO3-
MOXXHOCTb PErMCTPUPOBATL INEKTPUHECKYIO aKTUBHOCTb MOHHbBIX KAHANO0B, BblAEeNeH-
HbIX 13 MX CNOXHOrO KNETOYHOrO OKPY>XeHus. A pagpabotan MeTod BCTpavBaHusa Oau-
HOYHOW MONEeKyNbl kaHana n3 Bo36yaMMOR KNETKN B 3TM MeMOpaHbl C ynpaBnseMbiM
XMMWYECKMM COCTaBOM W1 UCMOMb30BaN ero ANs PermcTpaumm OguHOYHbIX K+-kaHanos.
3710 6bINO B TO BPEMS, KOrAa NepeaoBble HEMPOBMONOrM HadMHanu Habnoaats 3a
yHKUMEN OAMHOYHLIX KAHANOB B HATVBHbLIX BO36YAVMbIX MEMOpaHax C NOMOLLbIO HO-
BbIX TOrAa MeToAoB dmnkcaumm noteHumana. CosHaloCh, HTO MOV pPaHHWE 3KCNepUMEH-
Tbl N0 pa3paboTke MeToaa 6biNu HacToALenh urpoin. HabniopaTts B peanbHOM BpeMe-
HW 32 3NEKTPU4ECKON NNACKON OTAENbHLIX 6ENKOBLIX MONEKYN, UMETb BO3MOXXHOCTb
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ynpaBnsaTe UMK BbINO M OCTAETCA ANA MEHS HEONUCYEMbIM YAOBONLCTBUEM, N HEBAX-
HO, KaKylo pOonb 3TW KaHanbl UrpatoT B KNETKE.

MocTeneHHO 3Ta wurpa NpuBena MeHs K UHTepecHelwuM npobnemam, KoTopble
MO>XHO 6bIN0 NONLITATLCA PELNTL C NOMOLLBIO TAKOr0 PeayKUMOHUCTCKOro Noaxoaa.
B cepeavHe 1980-x rr. B Moelt nabopaTopumn pabotanu HeOObIKHOBEHHO TanaHTNMBbIe
MONOAblE COTPYAHWKW, B TOM Ymcne Mappwu MenneH, Pon Mak-KnHHOH, XKak HelnToH,
KoTOpble BMNMCL Had NPOBNEMOI YAVBUTENBHOM NOHHOK N36MpaTeNbHOCTM Pasnnyd-
HbIX K*-kaHanoB. Kak OHM pa3nu4atoT Takme Noxoxue noHbl, kak K+ n Na*? 4ro npouc-
XO[WT, KOrAa HeMPOHbI XOTAT reHepupoBaTb NOTEHUMaNbl AENCTBUS, @ Mbl — AyMaeM,
4yBCTBYEM, ABUraeMca? 3aias B TynuK ¢ 6ecuenbHbIMU 3KCNEPUMEHTaMK C NpUpoa-
HbIMW HEMPOTOKCMHAMK, Mbl B3ANW NENTUA A4a CKOPNMOHA, CNOCOBHbIN 6NoKMpoBaTh
K*-kaHanbl, 1 BOCNONb30BaNMCh BO3MOXXHOCTLIO MCCNEA0BAHNA OANHOYHBIX KaHanos,
NnoKasas, 4TO 3TOT TOKCMH 3aKynopuBaeT, CNoBHO Npobka ByTbinky, K*-CenekTneHyo
nopy atnx 6enkos (puc. A). B 1988 r. Pog B3sn Haw 6enok TokcuHa B nabopaTopuio
8 Kona-CnpuHr-Xap6op, Kyga oH 0TNpaBuncs n3y4varb METOAbl KCNPECCUN MOHHBIX
KaHanoB C NOMOLLbIO pekoMBuHaHTHbIX [JHK. TaM OH caenan rmasHOe OTKPbITUE: 3TOT
TOKCWH cnocobeH Takxe 6nokmposats LUerikep, nepsbit K+-kaHan, KOTOPbIM MOXXHO
6bIN0 MaHWMNYNMPOBATL C NOMOLLILIO METOAOB MEHETUKM, KNOHWPOBAHHBI FrO4OM pa-
Hee B nabopatopun Jumm n KO-HyHe [xaH. 3TO cny4ainHoe OTKpbITME NO3BONMNO
HaM, JOOMBLUMCL ONpedeneHHbIX MyTauuii, NoKanM3osaTb TOT Y4aCTOK B @MUHOKMC-
NOTHOM NOocNeaoBaTenbHOCTM KaHana, KoTopsbli 06pa3syeT BXOA CHapyxu B K+-cenek-
TUBHYIO NOpPY. OTOT pe3ynbTat 6bin HEMEANEHHO C YCNEXOM NPUMEHEH K LIENOMY Ce-
MencTBY noTeHuman-3asncumblx K+, Na* n Ca?*-kaHanos. Cnycts Heckonbko net Pog
1 Mappw, CTaBLLUME y)Ke CaMOCTOATENbHBIMU UCCNeaoBarTensimMm, COCPEA0TONMNUCE Ha
N3Y4EeHUN 3TUX NOCNEAOBATENbLHOCTEN, YTOObI HAWTW B HUX Y4aCTKW, OTBEYaKoLLMe 3a
WNOHHYIO CENEKTUBHOCTL. TO N03BONMNO Pogy 4epe3 7 neT nepsbIM CO3[aTh PEHTre-
HOCTPYKTYPHYO MOfeNnb K*-kaHana v NoNoXuTe Ha4ano HOBOW, “CTRYKTYpPHOW”, ape B
N3Y4EHWUN MOHHbBIX KaHanoB.

BcnomuHas cBoto 60pbby C MOHHBIMKM KaHanamu, 8 NOHWMALD, YTO camylo 60nb-
LYt0 pafocTb i UCMbITbIBaN, Habnogaa 3a 3TUM HOBbIM WM HEOXWAAHHBIM NPUMEPOM
KpacoTbl U NOrMKN MMpa Npupoabl. 3TO OLLYyLLEHWE ONWUCbIBAN BENWKWA OU3MK-TEO-
peTuk Prndapn ®eliHMaH, KOTopbIi B CBOeM OTBeTe Ha cTuxoTsopeHue Y. X. OpeHa,

Puc. 3.20. NpocTpaHcTBeHHas 6ycepusaums
WOHOB Kanusa actpouuTtamu. Koraa B pesynera-
Te aKTUBHOCTU HEMPOHOB B TOM UM UHOM y4acT-
Ke mMo3ra npoucxoamt yeenudenue [K*] , K* no-
CTynaeT B acCTpOLMTLI N0 MeMBPaHHbIM KaHanam.
Pa3seTBneHHan ceTb OTPOCTKOB acTPOLMTOB
nomoraet paccenTb K* No 60nbLLIOMY 06beMy
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B KOTOPOM MOTWMBbI Y4EHbIX NPEACTaBNEHbI Cyrybo yTUNUTapHbIMK, TBEPAO AOKA3bl-
Barn, 4TO UCCNEAOBATENAMU, KaK 1 NO3TaMK, ABWXKYT rMaBHbIM 06pa30oM 3CTETUHECKME
MOTMBbI: “Mbl ULLIEM 3HAHWE, NO3TOMY CNOCO6HLI ND6UTL NPUPOAY MHOro 6onbLue”.

»

TokcuH ckopnmoHa

/

YcTtbe
KanMeBoro
kaHana

Puc. A. HapyxHoe oTBepcTue K*-kaHana ¢ NpuKpenuBLUMMCA K
HEeMy TOKCWHOM CKOPNWOHa, BM3yanuaupoBaHHOE B “AOCTPYKTYp-
HYI0” 3pYy MO KOCBEHHbIM AA@HHbLIM, MONYYEHHBLIM MPU UCNONBL30-
BaHUM B Ka4eCcTBE 30HAA TOKCUMHOB U3BECTHOM CTPYKTYpPbl. TOHKM
B3aMMOAEVCTBUA: MECTO KOHTaKTa TOKCMHA C MONEKYNoW KaHana
(CMHME KpyXKw), urparowmi Havbonee BaXKHYI0 pofib OCTaToK Nn-
31MHa B MONEKyne TOKCWHA, MPOHWKAOLWWIA B NPOCBET NOpbI (Fo-
ny60i KPY>OK C NIOCOM (+)), MOH K*, CMELLEHHbI BHU3 NO nope
BCNIEACTBME CBA3bIBAHWA TOKCWHA C MOMEKYNOW KaHana (KenTbii
KPYXOK C NMOCoM (+)). Macutab npeacTaBneH XenTbiM OTPE3KOM,
COOTBETCTBYIOWMM 2 HM. (McToyHmk: apanTupoBaHo u3 Goldstein
et al. 1994. Neuron 12:1377-1388)

BaxxHo noHMMAaTh, YTO He BCe BO3GYAMMBIE KIETKH UMEIOT 3aIUTY OT MOBbI-
IIEHUs KOHUEHTpauuu Kanusa. Hanpumep, MblllleyHble KIETKY HE UMEIOT aHa-
JIOTOB reMaTO3HLe(aIN4eCKOro 6apbepa UM MIMaIbHOI Gydepusanuu. ITo
3HAYUT, YTO, XOTS MO3I OTHOCUTEJBbHO 3aIUINEH, MOBBIIEHUE COJEPXKaHUd
[K'] B xpoBU BCce PaBHO MOXXET MMETh CEpbe3HbIe (PU3NOJIOrUYECKUE TOCIIE]-
CTBUA AJI OpraHu3Ma (Bpeska 3.5).
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JT0 MHTEpPECHO

CmepTenbHbIX YKOA

4 nioHa 1990 r. Bpad [xek KeBOPKSAH LWOKMPOBan MeAMUMHCKYIO O6LLECTBEHHOCTD
TEeM, 4TO Okas3an Nomoulb B camoybuiictee [xaHeT AAKuHC. Y AQKMHC, 54-neTHen
3aMy>XHein MaTepu Tpowx geteit, bbina guarHoctuposaHa 6onesHb Anbureiimepa —
nporpeccupytoLllee 3abonesaHne MO3ra, KOTOpoe BCerga NpMBOAMT K CTap4eCKOMY
cnaboymuio n cmeptn. Muccuc AgkuHce 6bina YneHom O6uiecTsa “Xemnok”, oTcTam-
BaBLLEro NpaBo Ha 3BTAHA3MIO Kak anskTepHaTvBy CMEPTU OT HEM3ne4nMmoro 3abone-
BaHWA. [JokTop KeBOopKaH COrnacuncs NoMOYb MUCCUC AKWMHC NOKOHYUTL C XKMU3HBIO.
B 3agHeM oTaeneHunm rpy308oro MukpoasTobyca “@onbkeeareH” 1968 r. Bbinycka, Ha-
XOAMBLLErOCH B KEMNUHIe 0KONo ropoda Oknenaa, wrat Muyurad, oHa 6bina Noakno-
YyeHa K kanenbHuue ¢ 6e3BpeaHbIM CONeBbIM PAcTBOPOM. Bbibnpas cMepTsb, Muccuc
ALKWHC NepeknioYmMna CUCTEMY Ha PacTBOP HAPKOTUYECKOro BELEeCTBa, 3a KOTOPbIM
aBTOMATUYECKN CneaoBan pacTBop Xnopuaa kanus. HapkoTuYeckoe BELECTBO Npu-
BENO MMCCUC AOKMHC B 6€CCO3HATENbHOE COCTOAHWE MYTEM YrHETEHUS aKTUBHOCTU
HEMPOHOB 06NacT MOo3ra, Ha3blBAaEMOW PEeTuKynsapHou chopmayneri. MNocne 3Toro
snueanune KCl Bbi3Bano O0CTaHOBKY cepAua v cMepTb. [MpuyanHa ocTaHoBKKM cepaua
CTaHOBWTCS MOHATHOM, €CNW BCNOMHUTL MOHHbIE OCHOBbLI MEMOPAHHOr0O NoTeHunana
NoKos.

BcnoMHuTe, 4TO Ans HOpManbHOM paboTbl BO3BYANMBIX KNETOK (B TOM Y1cne Kne-
TOK CepaeyHoin Mblwlbl) TpebyeTcs, 4Tobbl Ha X MembpaHax B OTCYTCTBUE reHepa-
UMM MMNYNbCOB NOAAEPXKMBANCS HEOOXOAWMBIA NoTeHuman nokos. OTpuuatensHoe
3HaveHune NoTeHumana nokos ABNRETCA pesynsTaTtoM n3buparensHon NPOHNLAEMOCTH
ana noHoB K+, BMecTe ¢ paboToi MeTabonmMyeckmx HacOCOB, 3akaivBaloLLMX Kanuit
B Knetky. OgHako, Kak nokasaHo Ha puc. 3.19, MeMOpaHHbIil NoTeHUMan O4eHb HyB-
CTBUTENEH K M3MEHEHMAM BHEKNETOYHOW KOHLEHTpaUMM kanus. [ecaTukparHoe no-
BbILLEHNE BHEKNETOYHOrO K* MPUBOAUT K THKENOMY CHWKEHMIO NOTeHUMana nokos.
HecmoTps Ha TO YTO HEMPOHbI B MO3re 0 HEKOTOPOM CTENEHW 3alMLLEHb! OT 6Ofb-
LMX M3MeHeHWn [K*] , opyrue KneTkn opraHnama, HanpuMep MbILLEeYHbIe KNeTKK, He
nMeloT N0A06HON 3aLmTel. B OTCyTCTBME OTpMUATENBHOMO NOTEHUMANa NOKOSA KNeTKu
cepaeYHOn Mbiwubl 60nbLIe He CNOCOBHbI FreHepPUPOBaTb UMNYNbChI, BbI3blBAKOLWME
CoKpalLleHune, 1 cepaue cpasy xxe nepectaeT BuTbes. [03TOMy BHYTPVMBEHHOE BBEAE-
HYEe xnopvaa Kanus CMepTensHo.
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PE3IOME

Mzl paccMoTpesM MeMGpaHHbIN MOTEHIUAN NoKosA. biarogaps pa6ore HaT-
PHIT-KaTHeBOro HACOCa CO3JAETCS U MOJAEPKUBAETCS CYIECTBEHHDI I'PaAUEHT
KoHleHTpauuu K* uepes mem6pany. MeM6paHa HeipOHa B IOKO€E 06J1aJaeT Bbl-
COKOM NPOHUIIAEMOCTBIO A1 K* 61aroaps HAIMYUIO B HEll KaIMEBbIX KaHAJIOB.
B pesysbrarte Bhixoga K* uepes MeM6paHy 0 KOHLIEHTPAIIMIOHHOMY I'PaUEHTY
HAPYXy, BHYTPEHHAs CTOPOHA MEMOpaHbl CTAHOBUTCSH 3APSXKEHHOI OTpHILA-
TEJbHO.

PasnocTb a1€eKTpUUYECKHX MOTEHIUATOB HA MEMOPAaHE MOXHO ce6e Ipe/cTa-
BUTb KaK 6aTapelo, 3apsj KOTOPOil MOAJEPKUBAETCS pabOTOM MOHHBIX HACO-
coB. B cnenyomeii riase Mbl yBUAUM, Kak 3Ta 6aTapes o6ecrnedyuBaeT paboTy
Moa3ra.

=
f KnroueBble TepMuUHbI
L \D p
BCTYIUIeHHe SHCKTquCCKHﬁ IIOTEHL AT

NOTEHIUa JeiiCTBUA HanpsKeHue
BO36GyAMMas MeMGpaHa 3JIEKTpUYECKasA IPOBOAUMOCTb
MeMOpaHHbIIf IIOTEHIUAI [TOKOS  3JIEKTPUUYECKOE CONIPOTUBJIEHHE

¢ocdomunuaHblil 6GUCIO0I
NENTUAHAS CBA3b
MOJIUIIETITU]

MOHHBIA KaHaJl

HMOHHAs CEJEKTUBHOCTD
BOPOTHBIA MEXAHU3M
HMOHHBIN Hacoc
JIBHM)KeHN e HOHOB
aupdysus

TpajiueHT KOHLEHTPaLNK
3JIEKTPUYECKUI TOK

XuMH9IeCKHH COCTaB 3akod Oma
KOMIIOHEHTOB HonHble 0CHOBBI MEMOPaHHOTO
HOH IMOTEHIHAIA ITOKOA
KaTHOH MeMOpaHHBII MOTEHIHa
AHUOH MHKPO3JIEKTPOJA

PaBHOBECHBIII MOTEHLMa] HOHa
(paBHOBECHBIIT TIOTEHIIAT)
3JIEKTPOJABUXYILAsl CHUJIA
ypaBHeHue HepHcra
HaTPUIi-KaJIUEBBII HACOC
KaJIbLIMEBBIIT HACOC
ypaBHeHue [obiMaHa
JETNONApU3aAIUA
reMaTo3HI1eDaTnIeCKuil 6apbep
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Bonpocbl aona camonpoBepkKu

1. Kakue aBe PpyHKIIUM BBINOJHAIOT GEJKY B MEMOPaHE HEIPOHOB
JJIS1 CO3aHUSA U MOJJIePXKaHUS MEMOPAaHHOrO NOTEHLMAJA I0-
KOs?

2. C Kkakoit CTOpOHbl MEMOPaHbl HEHPOHOB 60JIe€ MHOTOYHCJIEH-
HbI HOHBI Na*?

3. Eciu 3HaueHue nmoTeHUMala Ha MeMOpaHe PaBHO 3HAYEHMIO
PaBHOBECHOTO NOTEHLMATA KaIMs, B KAKOM HalpaBJIeHUM (Ha-
PYXy WM BHYTPb) NMPOUCXOJAUT CyMMapHOE JBUXXEHHE HOHOB
Kaus?

4. Konnenrpanus K' 3HauuTeNbHO Bblllle BHYTPH KJIETKH, YEM
cHapyxu. IToyeMy ke Torja MeMOPaHHbII MOTEHIUAI MMOKOS
UMeeT OTpULIATEeIbHOE 3HaYeHHe?

5. Eciu JIUMmIUTL MO3r KMCJIOPO/Ja, MUTOXOHJAPUM B HEIPOHAX Ie-
pectanyT cuHTe3aupoBaTb AT®. Kak 3To ckaxkeTcst Ha MeMOpaH-
HOM noTteHuuajer? [Touemy?
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NMoTeHunan pencrTeud

B arovi rnase...

BBEAEHUE

CBOMNCTBA NOTEHUWNANA AENCTBUSA
13MeHeHne noTeHumana aencTena
[eHepaums noTeHUmana aencrama
leHepauwms cepum NOTEHUMANoB AeNCTBMA
OnroreHeTvka: cBeToBas Perynsiums HeUpoHHOM
aKTUBHOCTY

NOTEHUMAN NENCTBUSA B TEOPUU
Tokn 1 NPOBOANMOCTL MEMOPaHbI
[etanu noteHumana gencrauns
NOTEHUWNAN OENCTBUA B PEANIbHOCTU
[MoTeHunan-3aBnNCUMbIN HATPUEBbIN KaHan
CTpoeHwe HaTtpueBoro KaHana
QyHKUMOHAbHbIE CBOVICTBA HATPUEBOro KaHana
Bo3sgevicTeve TOKCUHOB Ha HaTPUEBbIV KaHan
HOTeHLlMaﬂ-(saBMCMMbIe Kanuesble KaHanbl
Cobvpas BCe BoeanHO
NPOBEAEHUE NOTEHLWANA OENCTBUA
@aKTopbl, BIUSIOLLME HA CKOPOCTb NPOBEAEHNA
MwenuH 1 canbTatopHoe NpoBefeHne
NOTEHUWNANbI AENCTBUSA, AKCOHbI U AEHAPUTDI
PE3IOME
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BBEOEHNE

IMepeiinem x noTeHMaNy JeHCTBUSA — TUITy CUTHAIA, IIEPEAIOEro MHop-
MalyIO B HEPBHOI1 CICTeMe Ha paccTosiHUe. B raBe 3 Mbl BuieH, 4TO BHYTPEH-
Hsisl IOBEPXHOCTb MEMOpaHbl HEIPOHA B MOKOE 3apsiXeHa OTPULATEJIbHO IIO
OTHOLIEHMIO K HapyXHOH. [ToTennuan geiicTBrs npecTaBiaseT CoO60i 6pICcTpoe
obpalieHle JaHHOTO COCTOSIHUSA, IPU KOTOPOM BHYTPEHHS S IOBEPXHOCTb MEMG-
PaHbl CTAHOBUTCS 3aPSXKEHHOI MMOJIOKUTEIbHO 110 OTHOUIEHUIO K HAapyXHOM.
IToTeHuMan AeiCTBUSA TaKXKe YACTO HA3BIBAIOT CRAUKOM, HEPEHBIM UMNYABCOM UIIN
paspadom.

ITorennuane! JeicTBUSA, BOZHUKAIONIME HA KAKOM-IMOO ydyacTke MeMOpa-
HBbI, BCErJa OAMHAKOBBI 110 aMILUIUTY/E U JVIMTEJIbHOCTH U HE YMEHbIIAIOTCA (He
3aTyXaloT) [0 MEpe CBOEro NPOABMXKEHUA IO akCOHy. Bceraa ciaeayer umeThb
B BUJly IVIABHOE: wacmoma U xapaxmep (aHII. pattern) NOTEHIUANOB JeHCTBUS
06pasyIoT KO/, IPU MOMOLIM KOTOPOTO HEMPOHBI NEPEAI0T UH(POPMAIUIO U3
OJHOTO M€eCTa B ipyroe. B 3Toli maBe Mbl paCCMOTPUM MEXaHU3MbI, OTBEYAIO-
IMe 3a BOSHUKHOBEHUE NOTEHIIMAA JeiCTBUS U €ro NpoBeJeHHE [0 MeMGPa-
He aKCOHa.

CBOWCTBA NOTEHUWMANA OENCTBUA

IToTreHuyanb! A€iiCTBUSA B HEPBHOI CUCTEME CaMbIX Pa3HbIX )KUBOTHBIX — OT
KaJIbMapa JI0 CTyJ€HTa KOJUIe)Ka — 06J1aJjaloT HEKOTOPBIMU OGIIMMHU CBOICTBA-
MH. PaccmMoTprM HekoTopble 3 HUX. Kak BLIMIAAUT noTeHuua geiicteus? Kak
OH Bo3HUKaeT? Kak GbICTpO HEHpOH MOXET reHepUpOBaTh NOTEHIUAIbI Jeil-
CTBUSA?

YBenuyeHue n ymeHblUeHUe noTeHuuana AencTBUN

B rmaBe 3 Mbl Bunienu, 4T0 MEMOPAHHDII MOTEHIMAT V| MOXHO U3MEPUTD Iy-
TeM BBE€JIEHUS MUKDO3JEKTPO/Ja B KIETKY. /Il U3MePEHUs Pa3HOCTH 3JIEKTPH-
YECKHUX MOTEHIIUATOB MEX /1y KOHYMKOM 3TOTO BHYTPUKIETOYHOTO 3JIEKTPOJa U
APYTUM 3JIEKTPOJIOM, PACIOJIOKEHHbIM CHAPYXHU KIETKH, UCIIOIb3YETCS BOJIBT-
meTp. Korga Mem6pana HeiipoHa HaXOAUTCSA B COCTOSHUU MOKOS, BOJbTMETP
NOKa3bIBaeT MIOCTOAHHYIO Pa3HOCTh MOTEHLUANOB, PaBHYIO NpuMepHO —65 MB.
OnHako BO BpeMs NMOTEHIMAIA JEiCTBUSA MEMOPAHHBII MOTEHIMAT HA KOPOT-
KO€ BpEMS CTAHOBUTCS MOJOXUTENbHBIM. ITOCKOJIbKY 5TO MPOMCXOAUT OUYEHD
6bicTpo — B 100 pa3 6bIcTpee, 4eM Mbl MOpPraeM, — A U3y4EeHHUs MOTEHLUAIOB
AeiiCTBUSA NPUXOJUTCH IPUMEHATb OCOOBIIT BUJ BOJIbTMETPA — ocyutiozpagp. Oc-
LIUJIOTpad perucTpUpyeT U3MEHEHHME HANPSKEHUS BO BpEMEHH (Bpe3ka 4.1).



Fnaea 4. MoteHuuan pgeitcteua 145

Ha nepepHem Kpae Hayku

MeToAbl perucTpauumu noteHUMana AeucTBUA

Bce MeTofbl M3y4eHWs HepBHbIX UMNYNbCOB MOXHO pasfenuts Ha aAse 6onblune
rpynnbl: BHYTPUKNETOYHbIE W BHEKNETOYHbIE (pUC. A). [nA BHYTPUKIETOYHOV peru-
cTpaymm TpebyeTca NPOKONOTb HEMPOH MM aKCOH MUKPOINEKTPOAOM. Manbii pas-
Mep 60MNbLUMHCTBA HEMPOHOB AenaeT 3TOT MeTOA O4EHb CNOXHbIM, 13-3a 4ero MHOrne
paHHue paboTbl N0 NOTeHUMany AencTams Obinu BbINONHEHbI HA HEPOHax 6ecno3Bo-
HOYHbIX, pa3mep KOoTopbix B 50-100 pa3 6onblLue, 4eM y MnekonutatoLwmx. K cHacTsio,
6naroaaps NOCNEAHUM TEXHUHECKMM JOCTVIKEHWAM [aXKe CaMble ManeHbkne Hempo-
Hbl MO3BOHOYHbBIX CTANW JOCTYMNHbI ANA METOAOB BHYTPUKNETOYHOrO OTBEAEHMNS, @ 3TO
NO3BONMNO NOATBEPAUTL, YTO MHOTOE W3 NOMYYEHHOro Ha 6eCnO3BOHOYHBIX MONHO-
CTbiO MPUMEHNMO K YENOBEKY.

3afava Takol BHYTPUKNETOYHOW 3anucy NpocTa: M3MepuTb pas3HOCTb NOTeHUma-
NOB MeXAy KOHYMKOM BHYTPUKNETOYHOrO 3NeKTpoda v ApYruM 3NeKTpoaoM, pacno-
NOXXEHHbIM B PACTBOPE, OMbIBAIOLLEM HEMPOH (3NEKTPUYECKN CBA3AHHLIM C 3EMNeN
1 NOTOMY Ha3blBaeMbIM “3emnen”). BHyTPUKNETO4HbIN 3NEeKTPOA 3aNONHAIOT KOHLEHT-
pUpPOBaHHBIM CONEBbIM pPacTBopoM (Yawle scero KCI), o6nagatowmm BbICOKOM 3NeKT-
PONPOBOAHOCTLIO. JTOT 3NEKTPOA NOACOEAMHAIOT K YCUNUTENIO, KOTOPLIA CPaBHW-
BaeT NnoTeHumanbl anekTpoga u 3emnu. PasHoCTb MoTeHumanos oTobpaxaeTtcs Ha
ocuunnorpade. B nepsbix ocunnnorpadpax ny4, COCTOALLMA U3 NOTOKA SNEKTPOHOB,
npoberan cneea Hanpaso No dhoccopecumpytoLleMy akpaHy. OTKNOHeHWe nyya no
BEPTUKANK NOKasbiBaNno M3MEHEeHWe HanpsXkeHnsa. B coBpeMeHHbIx ocumnnorpadax
OCyLlecTBnseTCs umMdpoBas 3amMcb HanpPsHXKEHWs BO BPEMEHM, OAHAKO MpuHUMN
ocTaeTcs TeM xe. 1o cytm, ocumnnorpad — 370 yCOBEPLUEHCTBOBAHHbIA BONLTMETP,
NO3BONSIOLLMIA PEFMCTPUPOBATL BbICTPLIE M3MEHEHWNA HANPSXKEHNR (Takue Kak NnoTeH-
unan gencrtems).

Kak Mbl yBMAMM, B OCHOBE MOTeHUMana AeCTBUA NEXUT NOCnefoBarensHOCTh
OBWXEHWSA PasNnyHbIX MOHOB Yepe3 MembpaHy HeripoHa. OTW 3NeKTpUHecKue TOKU
MOXXHO W3MEepuTb, HE MPOKanbiBas HEMpPOH, @ NPOCTO MOMECTWB JNEeKTPOoA BO6MM3n
MembBpaHsbl. Tako NPUHLUMN NEXUT B OCHOBE BHEK/IETOYHOM perucTpauymy. INpn aTom
Mbl TaKXXe M3MepseM pas3HOCTb MOTEHUMANO0B MeXAy KOHYMKOM 3NEKTPOAA W 3eMnei.
OnekTpod B JaHHOM Clyvae MOXeT NPeacTaBnaTe COO0N TOHKWM CTEKNAHHDBIA Kanun-
NAPp, 3anONHEHHbI CONEBbIM PACTBOPOM, HO Hallle 3TO MPOCTO TOHKAasA M30NMpoBaH-
Has MeTannudeckas nposonoka. O6bIMHO B OTCYTCTBME AKTUBHOCTU HEMPOHOB pas-
HOCTb NOTEHUMANoB Mexay BHEKNETOYHbIM akTUBHbIM 3NEKTPOAOM W 3eMneit pasHa
Hynto. OfHako Korga K MecTy permctpaumm noctynaeT noTeHuwan Aenctsuns, nono-
XUTenbHble 3apsabl U3 06N1acT akTUBHOrO 3NEKTPOAa YCTPEMNAIOTCA BHYTPb HEWt-
poHa. 3aTtem, korga noTeHuman AecTsua NpoLlen, NoNOXuUTENbHbIE 3apsabl Yepes
MeMbpaHy BO3BpaLLalTCs B 06nacTb akTUBHOrO 3anekTpoda. Takmm 06pas3oM, BHe-
KNETOYHbIM NOTEHUMAanN AenCTBMA NpeacTasnaeT coboin KpaTkOBPEMEHHOE N3MEHEHWE
Pa3HOCTN NOTEHUMANOB MeXAY aKTUBHbIM 3NEKTPOAOM 1 3emneit. (Obpatute BHUMa-
HMe Ha pasnuumne Maclutaba U3MEHEHWI HANPSXXEHWA NPU BHYTPW- N BHEKNETOYHOM
pervctpaunn.) Takne nameHeHns HanpskeHns MOXXHO HabnoaaTe Ha ocumnnorpade,
0[HaKO TakXXe UX MOXKHO yCnbILWaTk, ECNW NOACOEANHUTL 3BYKOBbIE KONOHKM K BbIXOAY
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yeunutens. MNpu KaxnoM MMNynsCce BO3HWKAET OTHYETNMBLIN Lenyok. B aToM cnydvae
perncTpaums UMNynbCoB akTMBHOMO B AaHHbIA MOMEHT CEHCOPHOro (4yBCTBMTENLHO-
ro) HEPBHOMO BONOKHA [ACT 3BYKOBYIO KAPTUHY, HANOMWHAIOLLYIO 3BYK 4aCTbIX XNOn-
KOB NpW NOAXKapuBaHW NONKOPHa.

AkpaH ocumnnorpada

Yeunutenb

=—3emnqa

BHyTpK-
KNETOYHbIiA

BHekneTouHbIn
3NEKTPOA,

Puc. A

IToTeHuMnan AeiICTBUSA B TOM BUJE, B KAKOM OH IOSIBJISETCS Ha dKpaHE OC-
nustorpada, nokasax Ha puc. 4.1. Kpusas npeacrasiseT co6oii rpaduk us-
MEHEeHUs] MeMOGpPaHHOTO NOTeHIMala BO BpeMeHU. O6paTuTe BHUMaHHUeE, YTO
B IIOTEHIHAJIe JE€HCTBUSA MOXHO BbIAEJIUTb HECKOJIBKO Pa3MYHbIX yacTeil. Bo
BpeMs N1epBOii, BOCXoAsAmel 9acTH (Bocxoasieil ¢a3spl), IPOUCXOAUT Obl-
CTpas JAenoispu3auus MeMOpaHbl. 3HauYeHWe MeMGPaHHOTO NoTeHnMata V
U3MEHSETCH 0 NUKOBOM BeJuuuHbl 0k0J0o 40 MB. Ta yacTh noTeHuuana gei-
CTBUSI, BO BpEMS KOTOPOI BHYTPEHHSs IOBEPXHOCTb MEMOPaHbl OKa3bIBAETCS
3apsSKEHHOI! MMOJIOXXUTENBHO 110 OTHOUIEHUIO K HapyXHOi1, Ha3bIBaeTCs OBep-
mryToM! (aHDI. overshoot). Hucxoasmasa 9acTh NOTEHIUaIa ACHCTBUS Mpes:
CTaBJII€T COOOIi GBICTPYIO PENOJISPU3ALNIO MEMOPAHBI, B pe3yJIbTaTe KOTOPOI
BHYTPEHHsS IMOBEPXHOCTb MeMGpaHbl OKa3bIBae€TCs 3apsSXKEHHOI1 eme GoJee
OTpULIATEIbHO, YEM BO BpeMs MOTEHIHaIA NMOKOA. JTOT NOCJIeJHUI Y4acTOK
HUCXOJsmel ¢a3bl Ha3blBAETCSA CJIEAOBOI runepnojaspusanueii Wi anaep-
uryToM (aHr1. undershoot). HakoHel oCTENEeHHO NPOUCXOAUT BOCCTAHOBJIEHHE
noTeHyana nokos. IIpoao/mxuTeIbHOCTL MOTEHIMAIA JeHCTBUSA OT Havaaa U
JI0 KOHIIa COCTaBJISIET OKOJIO 2 MIWUIMCEKYH] (MC).

! Jlpyroe Ha3BaHue — peBepCUsA NOTeHuMaIa. — [Ipume. nep.
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MeHepauusa noTeHUMana aeicTBuN

B rrase 3 Mbl roBOpMIM, YTO YKOJIA KOXHM KaHLEJSPCKOH KHOIKOH JOCTa-
TOYHO /11 BO3HUKHOBEHHUS IOTEHLIMAIOB JEUCTBUS B CECHCOPHOM HEPBHOM BO-
JokHe. JlaBaiiTe MOCMOTPUM, KaK B JAaHHOM CJIy4ae BO3HUKAET NOTEHIMA Jeii-
CTBUAL.

YTOoG6HI IPH YKOJIE CTOIBI KHOIKO# BO3HHUKJIO 60JIeBOE OLIYLIeHE, HEOGXOAU-
MO, 4TOGBI B OIpe/IeIEHHbIX HEPBHBIX BOJIOKHAX B KOXK€ Hayall reHepUpOBaTh-
sl MOTEHLUATBI eHcTBUA. MeMOpaHa 3THX BOJIOKOH MMEET Pa3HOBUAHOCTD BO-
POTHBIX HATPUEBBIX KAHAWIOB, KOTOPbIE OTKPBIBAIOTCS IPH PACTsKEHUU HEPBA.
IIpoucxoaut cienyomas Lemnoyka coobITHil: (1) KHONKA NPOKaJIbIBAET KOXY,
(2) MmeMGpaHa HEPBHBIX BOJIOKOH B KOX€ PacTAruBaeTcs, (3) OTKPBIBAIOTCS Ka-
HaJIbl, cnoco6Hplie nponyckaTh Na'. ITockonbky rpafiMeHT KOHLIEHTPAaLMK Ha-
Tpus GOJIBIIOI, @ BHYTPEHHSASA IOBEPXHOCTh MEMOPaHbI 3aPsKeHa OTPULIATE b
Ho, Na' noctynaeT yepe3 MeMGpaHy 10 3TUM KaHaJaaM. Bxox Na® nenonspusyer
MeMOpaHy, T.€. IUTOILUIa3MaTHYecKass (BHYTPEHHss) MOBEPXHOCTb MeMOPaHbI
CTAHOBMTCSI MEHEE OTPHILATEJBHO 3apskeHHoU. Ecmm aTa genossipusanuys, Ha-
3bIBAEMAs 2eHEPAMOPHBLM NOMEHUUALOM, TOCTUTHET HEKOTOPOrO KPUTHUYECKOTO
YPOBH#, HA MeMOpaHe BO3HUKHET IOTEHLHAI ACHCTBUA. DTOT KPUTHYECKUIT
YPOBEHb I€NOJISPU3ALUN, KOTOPOTO HEO6XOAUMO HOCTUYb J1J11 BOSHUKHOBEHUS
MOTEHLINAJIA JEeICTBUS, Ha3bIBAETCSI MOPOroM. [Tomenyuan deticmeus 8v.3v16aemcs
denoaspusayueii Membparst, 00cmuzaues nopozogozo SHAUEHUA.
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(a) Bpemst (Mc) (6)

Puc 4.1. NoteHunan peiicTeus. (a) MoTeHuman OeicTBuUA Ha 3KkpaHe ocuunnorpada.
(6) Ctagwm noTeHumana genicTeus
Jenoaspusanus, BeI3bIBAIONIAs MOTEHIIMAI AEHCTBUS, B Pa3HbIX HEPOHaxX
BO3HUKAET NO-Pa3HOMy. B Halem npruMepe aenospu3anuio BbI3blBajIO MOCTYII-
JleHre MoHOoB Na' o crenyaau3upPoBaHHbBIM MOHHBIM KaHajlaM, YyBCTBUTEIb-
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HbIM K MEXaHUYECKOMY PACTSKEHUIO MeMOpaHbl. Bo BcTaBOuHBIX HeifpoHax
JENOoNApU3alus BbI3bIBAETCA BXOJOM HOHOB Na' Mo cnenuainaupoBaHHBIM
HOHHBIM KaHajlaM, YyBCTBUTEJIbHBIM K HEHPOMEJUATOPaM, BbIAEISAEMBIM JpY-
rumu HelipoHamu. Kpome 3THX €CTECTBEHHBIX CIIOCOGOB, MOXHO BbI3BATh Ji€-
NOJIAPU3ALMIO HEHPOHOB, IPUKJIA/IbIBAA 3JEKTPUYECKUII TOK C IIOMOIILIO MUK-
poanekTpoja. IMEHHO TakuM MyTeM OGBIYHO M3Y4alOT MOTEHLHWA! AeHCTBUS
PA3IMYHBIX KIETOK B JAOOPAaTOPHBIX ycloBUAX. [eHepanusa noTeHuMana aeit-
CTBUS YE€M-TO HallOMUHAET (oTOorpadpupoBaHUE C NOMOIBIO CTAPbIX poTOan-
[apaToB, B KOTOPbIX JJIS MOJYYEHUS CHUMKA IPUXOAUTCA HAXXUMaTh KHOIIKY
cIrycka 3aTBopa. HakaTve KHONKM HMYETO He JaeT JO TeX IOP, [TI0Ka €ro Cuja
He JJOCTUTHET OIpejieJIEHHOro noporosoro 3HaueHus. Kak Togbko ato npou-
30LLIO, Pa3Ja€eTCs WEJTYOK OTKPbITUA IITOPKH, U BOT YK€ OJUH KaJp IJIEHKU
3KCnoHNpoBaH. TOYHO Tak Xe yBeJIMYeHHE NEeNOoIApU3aAIUM HEHPOHA He OKa-
3biBaeT 3(pexTa, NOKa HE JOCTUTHET MOPOTra, MOCJIE YEro pa3faeTcs APyron
“IeTYOK” — BO3HUKAET MoTeHIMan aeitcTBus. [To 3Toi1 mpuyMHe roBOpsAT, 4TO
NOTEHIUaT JeMCTBUSA MOAUYMHAETCS MIPUHLIUIY “BCé MM HUYETO”.

FeHepauusa cepymn NOTEHUMaNoB aenucTens

TonbKO YTO MBI CpaBHUBAIN T€HEPAIUIO NOTEHIMAIA JeiicTBUSA C oTorpa-
¢pupoBaHMEM C TOMOIIBIO HAXKATHSA KHOIKH CIyCKa 3aTBOpa B anmmapare. A 4to
€CJIM y HaC BLICOKOKa4eCcTBEHHas (pOTOKaMepa — U3 TeX, KOTOPBIMU IOJIb3YIOT-
Csl IIPY ChEMKE ITOKa30B OJEX/bl MJIM CIIOPTUBHBIX COCTA3aHMUIt? JmTeabHoe
Ha)XkaTHE Ha KHOIIKY B TaKOM alapaTe MO3BOJISET BBINOJIHUTD LIEJIYIO CEPUIO
cHUMKOB. To xe camoe HaGmozaeTcs U B Heiipore. Ecau, Hanpumep, Mbl € 1o-
MOLIBIO HAIllerO MUKPO3JIEKTPOAA GyIeM IIPOMNYCKATh Yepe3 HEIPOH HellpephIB-
HBIi1 [IeNoJIApU3YIOMMII TOK, Mbl TIOJYYUM HE OAMH, a MHOXECTBO IOCJIeN0Ba-
TeJIbHBIX MOTEHLUATOB AeicTBUA (puc. 4.2).

YacToTa, ¢ KOTOPOil r€eHepUPYIOTCS MOTEHLUAIbI A€HCTBUSA, 3aBUCUT OT
BEJIMYMHBI JEMOJISPU3YIOLIETO IOCTOSTHHOrO ToKa. Ecyin nogasaemoro ¢ momo-
IbI0O MUKPO3JIEKTPOJAA TOKA JOCTATOYHO TOJILKO AJISl TOTO, YTOObI AENOJISPU-
30BaTh [0 NOPOTrOBOTrO 3Ha4YE€HHs, HO HeE BbIlIEe, TO MOXHO OGHAPYXUTb, YTO
KIeTKa FeHepUpYeT NOTEHLHIbI JefCTBUSA C YACTOTOM OKOJIO OJHOTO pa3ps-
Ja B cexyHay, win oiauH repu (1 Iy). Ecim HeMHOro yBeJM4YUTb TOK, TO MBI
YBUJHUM, YTO YaCTOTa O6pa3oBaHUs MOTEHIUAIOB ACHCTBUS BO3pacTaeT, J0-
cruras, ckaxeM, 50 umnyiabcos B cekyHay (50 I'n). Takum o6pa3om, uacmoma
UMNYABC08 OTPAXKAET BEJTMYUHY JENOJISAPUIYIOIEro TOKA. TO OJUH U3 CIIOCO-
60B KOAMPOBAHUS CUIbI AEICTBYIOIErO Pa3JpaxXUTejsi B HEPBHOI cUCTeMe
(puc. 4.3).
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MembpaHHbiii noTeHuman (MB)

(6)

Bpems

Puc. 4.2. Peaynbrat nogaymn nonoXxXutenbHoro 3apsaa K BHyTpeHHeil CTOpoHe Mem-
6paHbl HeWpPOHA. (a) AKCOHHbIN XONMUK NPOKOJOT ABYMSA 3M1EKTPOoAaMU, OAUH U3 KOTOPbIX
npeaHasHaydeH Ana uaMepeHus mMem6paHHOro noTeHuuana OTHOCUTENbHO 3emnu, a Apy-
ro — Ana CTUMYNALUU HEpOHa 3NeKTPU4EeCKUM TOoKoM. (6) Koraa Ha Mem6paHy HeiipoHa
noaaloT ANEKTPUHECKUIA TOK (BEPXHAS 3anuck), Aenonspusaums MembpaHbl OKasbiBaeTca
[0CTaTO4HOM ANA reHepaumy cepumn NOTEHUMANOB AeNCTBUA (HUXKHAA 3anWCb)

[opaBaemblit

Puc. 4.3. 3aBUCMMOCTb HacTOTbI reHepaLmmu NoTeHUMANOoB AeliCTBUS OT YPOBHS

TOK

Bpems

Ecnv nofasaemblii TOK

He Aenonapusyet
membpaHy 0 MOPOroBOro
3Ha4YeHus, noTeHuman
[LeCTBMSA HE BO3HWUKHET

Ecnu nogasaemblii Tok
AenonapuayeT memopaHy
[10 NOPOroBOro 3Ha4YeHws,
BO3HUKHET NOTeHUMan
LencTaus

YacToTta umnynscaumm
BO3pacTaeT ¢
yBENMYEHEM
AEnonspvayloLero
ToKa

aenonapusauuuv
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OJHaKO XOTb YaCTOTA UMIYJIbCOB C yBeJINYEHUEM AEIOJIs pU3YIOIEero ToKa 1
BO3pacCTaeT, CYLECTBYET IIpeJeJl YaCTOThI, C KOTOPOIi HEIPOH MOXeT reHepUpo-
BaTh NOTEHIUAIbI AeACTBUSA. MaKCUMaIbHAS 4aCTOTA UMIIYJIbCOB COCTABJSAET
okoJs1o 1000 It ITocse Toro kak nmoTeH a1 AeACTBUA HAYaICS, CTAHOBUTCS He-
BO3MOJKHBIM BBI3BATh CJIEAYIOIIMIT IOTEHLIUAJ ACHCTBUS B T€YEHHE OKOJIO 1 MC.
ITOT nepuo/ BpeMEeH! Ha3bIBAETCS aGCOMIOTHBIM pedpaKTepHBIM IEPHOAOM.
Kpome Toro, Ha npoTsX€eHHUH elle HECKOJbKUX MUJUIUCEKYHI IOCJIe OKOHYaHUS
a6CcoMOTHOrO pedpaKTEPHOro NNEepHo/ia BbI3BAaTh MOTEHIMAT JeICTBUS TPYIHO,
XOTSI U BO3MOXXHO. YTOOGHI [IeNoJIIpU30BaTh MeMOpaHy A0 MOPOroBOro 3Haye-
HUS BO BpeMs 3TOTO OTHOCHTEJIbLHOr0 peppakTepHOro nepuoia, Heo6Xo u-
Ma 3Ha4YMTeJbHO Goiblliasi, YeM OObIYHO, CHJIA TOKA.

OnToreHeTHka: CBeToBas perynauua HeMpoOHHOH aKTUBHOCTH

Kax MbI yxe ckasaiy, NOTEHUMal JeiCTBUS BbI3bIBAETCS JENOJNspU3aluet
MeMOPaHbI, IPEBOCXO/AIIEH IOPOroBOe 3HAYEHHE, KAK TPOUCXOJUT B ECTECTBEH-
HBIX YCJIOBUSX B HEPOHAX ITPH OTKPBITUM MOHHBIX KaHAIOB, POIYCKAIOIUX Ye-
pe3 MeMGpaHy HoHbI Na*. JIJist HCKyCCTBEHHOM Pery Iy 4YaCTOThI UMITY TbCALIUU
HEIPOHOB MCCJIE0BATENN TPAAULMOHHO NMPUKJIAJbIBAIM K HUM 3JI€KTPUYECKUIT
TOK C IOMOIbIO MUKPO3JIEKTPOA. ITO OrpaHUYeHHE GbLIO HEJABHO IIPEOONIEHO
6Jy1arofiapsi PEBOJIIOIIIOHHOMY NOAXO/Y, Ha3bIBAEMOMY ONTOT€HETHKOM, IIPU KO-
TOPOM B HEIIPOHBI BHEJPAIOT YyXEPOJHbIE T€HbI, IKCIIPECCUPYIOINE MEMOPaH-
Hble NOHHbIE KAHAJIbI, CIOCOGHBIE OTKPBIBATHCS B OTBET Ha OGJIyYEHHE CBETOM.

ITo3xe MbI ele NIOroBOPUM O TOM, KAKUM OGPa30M 3HEprus CBETa IOTJIoNa-
eTcs 6ejIKaMH, Ha3blBa€MbIMU (POTONUIMEHTAMH, C IOCIEAYIONIE reHepanuei
HEPBHBbIX UMITYJIbCOB, B HAlll€il CETYATKE, YTO B KOHEYHOM UTOre oGecrneqyusa-
€T Hally CIOCOGHOCTDb BUJETh. KOHEUHO, CBETOYYBCTBUTENLHOCTDBIO OOJIAfAIOT
MHOTH€e OpraHu3sMbl. B Xxozie u3yueHns peakuuii Ha CBET Y 3eJIEHBIX BOJOPOCI€it
uccaenosatenu us Ppankdypra (Iepmanus) onucaau GoTONUIMEHT, KOTOPBIi
OHU Ha3BIM KaHaIbHBIM pofoncuHoM-2 (ChR2). Beoas ren ChR2 B KJeTKU
MJIEKOIIUTAIOMUX, OHU IIOKAa3aIH, YTO OH KOJUPYET CBETOUYYBCTBUTEJbHBIIT
KaTHOHHBIN KaHaI, npoHuuaemMsiil s Na* u Ca? (ZONOJIHUTEIbHYIO undop-
MallMIoO CM. BO Bpe3ke 4.2). 9TOT KaHal GbICTPO OTKPBIBAETCS NMOJ BIUSHHUEM
roJiy6oro cBeTa, ¥ BXOAAIIUI IOTOK KATHOHOB OKa3bIBA€TCSH JOCTATOUHBIM AJIs
JeToJIIpU3alii MeMGPaHbl HEIPOHOB BbIIIE TOPOTOBOTO 3HAYEHUS U BO3HHUK-
HOBEHMS MOTEHLHUATOB JelcTBUA. HeBepoATHbIE BO3MOXHOCTH ONTOT€HETUKU
ObLIM 3aTeM NMPOJEMOHCTPUPOBaHbl UccienoBaTensamu us CIIIA, xoTopsle no-
Kas3aM, 4TO NOBEJEHUE KPbIC U MblIlIEl OUY€Hb CUJIbHO MEHAETCS, €CJIU OCBe-
IaTh TOJyGbIM CBETOM HEMPOHBI, B KOTOpbIe GblL1 BBeJeH reH ChR2 (puc. 4.4).
3aTeM apceHa1 ONTOr€HETUKU NONOJHUJICH TAIOPOJOIICUHOM — GEJIKOM, TOJTy-
YEHHBIM OT OJHOKJIETOYHbIX MUKPOOPraHU3MOB, KOTOPbIi1 CIOCOGEH MHTUOU-
POBaTb HEMPOHBI B OTBET Ha XKEJITHIi CBET.
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Hoporon oTKpbITUNA

OTKprTMe KaHaAbHbIX POAONCHUHOB
AsTtop: leopr Haresnb

Korpa B 1992 r. nocne acnupaHTypsl B yHuBepcutetax Mens
n Pokdbennepa 1 BepHynca B HCTUTYT 61uochunamkmn um. Makca
Mnaxka, 4To BO MpaHkdypTe, MepManms, MeHs nHTepecosanu
B NEPBYIO OYepedb MEXaHW3Mbl, C MOMOLLIbIO KOTOPbIX YCTaHaB-
NNBAKOTCHA rPaAVEeHTbl MOHOB MO PadHble CTOPOHbI KNETOYHOM
MembpaHbl. IpHCT Bambepr, pykosoauTens Moero otaena, yéeamn MeHs npoTecTw-
poBaTb HOBbI NOAXOA B N3y4HeHUn BakTepuanbHbIX POAONCMHOB — BENKOB, KOTOPbIE,
nornoLLas CBeT, NEPEHOCAT NOHbI Yepe3 MeMmbpaHbl. Mbl akcnpeccupoBanu reH 6ax-
TEPUOPOAONCHMHA B MKPUHKAX (OouMTax) NArywKky U C NOMOLLBIO MUKPOSNEKTPOLOB
M3MEPSANU MHAYUMPOBAHHbLIN CBETOM 3NEKTPUHECKUI TOK. B 1995 . Mbl nokasanu, 41o
obny4eHme 6akTepPMOPOAONCHHA 3anyckaeT NPOTOHHBIN (H*) Hacoc B MeMbBpaHe 0o-
umToB. C NOMOLLIbIO 3TOM HOBOM METOAWKM Mbl B 1996 . NPUCTYNNNM K U3YHEHMIO CBe-
TOYYBCTBUTENBHOrO XNOPHOrO Hacoca ranopoaoncuHa.

Tarxe oTMNeTepa XeremanHa n3 Yaunsepcuteta Penrcoypra mbl nony4mnu HK ans
XnamumoncuHa-1 v -2, KoTopble NPEANONOXUTENBHO Bbinv OTOPELIENTOPHbIMY Benka-
MV 3eneHoi Bogopocnm Chlamydomonas reinhardtii. K coxanenwo, nogo6Ho BceM
ocTanbHbIM NadopatopuamM, Nonyyaswmm 3Ty [IHK, Mbl He 0BHaPYXNUNW HUKaKKX CBE-
TOYYBCTBUTENBHBIX 3NEKTPUYECKUX CUrHANOoB. TeM He MeHee, koraa MNeTep no3BoHWN
MHe, A COornacuncs NPoTecTnpoBaTtk paboTy eLle 04HOr0 NpeanonaraeMoro pogoncu-
Ha n3 Chlamydomonas, KOTOpbI OH XapakTepu3oBan Kak “HacTOALLMA CBETOHYBCTBM-
TENbHbIN KanbUMEBbI KaHan" n cobupancs Ha3saTb XNaMmMpoaoncuHoM-3. HecMoTps
Ha TO 4TO HOBbI 6EenoK elle He Obin BblAeNEH B YNCTOM BUAE, 3TOT “XNamMMoncuH-3"
yxe wcmncs B 6aHke AaHHbix nocnegosatensHocTen HK Chlamydomonas, nony-
YeHHbIX B UCCneaoBaTensCKoM LeHTpe Kagycbl (ANoHWS), n Npossnan cXoACTBO C 6aK-
TEpUopOaONCUMHOM. JTO enano ero MHTEPECHbIM KaHAMAATOM Ha POnb CTONb AONTO
OTbICKMBAEMOro pofoncuHa B knetke Chlamydomonas. lNeTtep 3akasan 13 AnoHun
aty [1HK, a A 3aTeM akcnpeccupoBan ee B ooumTax. [lepBble 3KCNepuMEHTLI pasdoHa-
poBanu Hac: H1 foHaBneHne Kanbumsa K OMbIBaIOLLIEMY OOUMTbLI PACTBOPY, HA €ro yaa-
NEeHVe He BMMANW Ha CBETOYYBCTBUTENbHbIA SNEKTPUHECKUIA 3apaf, KaK 3TO AOMKHO
6b1n0 BbITb, eCcnK Bbl ITOT KaHan AencTenTensHo nponyckan Ca?t. [la n cam ceeTo-
4yBCTBUTENbHbIV 3apad 6biN CAULIKOM CNabbiM U HE MEHANCA NMPY U3MEHEHWUN NOHHBIX
KOHUEHTpaumii B OMbIBAIOLLIEM PaCTBOPE.

MockonbKy 8 NO-NPEeXHeMy Bepwn B CYLLECTBOBAHME MOHHOMO KaHana C Heno-
CPEACTBEHHLIM CBETOHYYBCTBUTENbHLIM BOPOTHLIM MEXaHU3MOM (6OMbLUMHCTBO MC-
cnepoBsartener 0TBeprany aTy Maeto), 8 NPOACIKAN 3KCNepPUMEHTUPOBATL C Pa3HbIMK
OMbIBatOLLMMKM pacTeBopamun. OgHa)kasl BEHEPOM A NONYYUN OrPOMHbIN BXOAALLMIA CBe-
TOAKTUBMPYEMbI 3apsa NPV NOMOLLM PacTBOPa, KOTOPbIA AOMKEH Obin MHrMBMPOoBaTh
kanbumesble Tokn. OgHako 0kas3anoch, YTO PAcTBOP, KOTOPbLIM 5 B3AN, ObiN HegocTa-
TOYHO 3abydepeH; OH OKa3ancs CMULWKOM KUCMbIM, COAep XXallMM CAWLLKOM MHOrO
noHos H*! Ho 310 6bIN0 OFPOMHOM yAaYel, NOCKONbKY Tenepb y MeHs Obino aokasa-
TENbLCTBO CBETOHMYBCTBUTENBHOMW BXOAALLEN NpoBOAMMOCTH Ana H*. [lanee, 3akucnss
oouuT (T.e. Aenas KOHUeHTpaumio H* BHYTpKM oouuTa BbILLE, YeM CHapyxw), s yBuaen,
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YTO MOTY HafeXXHO BbI3bIBATb TAKXKE U BbIXOAALLME CBETOHYBCTBUTENbHBIE TOKWU. BCKO-
pe cTano ACHO, 4TO B Cny4ae C XNaMmpoaonCuHOM-3 Mbl UMEEM NPOTOHHbIN KaHasl co
CBETO4YYBCTBUTENbHBIM BOPOTHBIM MEXAHU3MOM. [103TOMY A NPEANOXMN MOUM KONne-
ram lMeTtepy XeremanHy n OpHCTy bambepry Ha3eaTb 3TOT HOBbIM 6ENOK KaHanbHbIM
pogoncuHom-1. Mocneaytowme 3KCNEPUMEHTbI BbISBMAW, YTO Yepes KaHanbHbI po-
[OMNCWH-1 MOTYT NPOHUKATL TaKXXe WU Apyrve OAHOBanNeHTHble KaTuoHbl. Manas Benu-
YMHA CBETOYYBCTBUTENbHBIX TOKOB, KOTOPbIE Mbl HAbNOAaNW B CaMOM Hadane, 6binu
CBA3aHbl, KaKk Mbl TeNepb 3HaeM, Co cnabol 3KCNpeccuer KaHanbHOro pogoncuHa-1
B ooumTax.

BooayLieBneHHble TakMM OTKPbITUEM, Mbl MOArOTOBMAM PYKONUCH (OnybnukoBaHa
8 2002 r.) n noganu 3asaBKy Ha NateHT. B Hell onucbiBanoCb NPUMEHEHWE WOHHDBIX
KaHanoB CO CBETOYYBCTBUTENbHbLIM BOPOTHBIM MEXAHU3MOM ANA HEMHBA3WBHbLIX Ma-
HUNYNAUWIA C KNETKaMK 1 Jaxke C XX1BbIMM OpraHnamMamMn. 3aTem A U3yYnn kaHanbHbIin
poaoncuH-2 (6nn3kopoACTBEHHDBIA KaHanbHOMY POAONCUHY-1) — K CUTyaums HaMHO-
ro ynpocTunacb, NOCKONbKY CBETOYYBCTBUTENbHbIE TOKM Tenepb Obinn 60NbLLNMKN U
ux 6bINO Nerko aHanMamposate. KaHanbHbIi pogoncuH-2 (chop?2), npupoaHas dop-
Ma KOTOpPOro COoCTouT n3 737 aMUHOKUCNOT, MOXXHO YKOPOTUTL 40 310 aMWHOKMC-
NOT W NPUCOEAMHUTL K XenToMy dnyopecueHTHoMy 6enky (PKDOB) ana Toro, 4To6b!
BU3yannanposaTb 3kcnpeccuio 6enka. MNMocne Toro kak B 2003 r. Mbl ony6nukosa-
MM AaHHble 0 npeuMyliecTsax chop2, Ham crtanu noctynarb 3akasbl Ha aTy [HK, a
caMy Mbl CTanu nckatb COTPYAHWYECTBa C Herpobuonoramu. OgHON 13 Halmx nep-
BbIX “XXepTB" cTan AnekcaHaep oTwanbk n3 cocegHero MpaHKypTCKOro yHUBEP-
cuTeTa — OH 3aHMMancsa ManeHbKMM Npo3paYHbiM KpyrnbiM YepseM Caenorhabditis
elegans (C. elegans). K coxanexuio, 8 aonyctun owmbky npu npurotosneHnmn OHK,
TakK 4TO 3TK YepBK, XOTA N 0Ka3aNnCb KpacuBo NoMeYeHHbIMM YFP, HUKak He pearu-
posanu Ha cBeT. Koraa s 06Hapy»un owmnobky v Been chop2-YFP B MbilLE4YHbIE KNETKN
C. elegans, Mbl Bbli NOPaXEHbI, C Kako NEerkocTblo MOXXHO 6bINO BbI3bIBATL COKPA-
LLIeHWE y 3TUX ManeHbKNX HYepBei C NOMOLLIbIO NPOCTOr0 06Ny4eHNA X CUHUM CBETOM.
MpuMepHO B 3T0 Xe BpeMs (anpenb 2004 r.) ¢ npocbbor o Takon AHK n koHcynbTa-
UM No paboTe C Helr Ha YCNoBMsAX COTPYAHMYECTBA KO MHe obpaTunca Kapn [aicce-
poT 13 CTaHOPACKOro YHMBEPCUTETA, Ha YTO A C yAOBONLCTBMEM cornacuncs. Kapn
6bICTPO NPOAEMOHCTPMPOBAN 60MbLUME BO3MOXHOCTU KaHanbHOr0 poAoncuHa-2 B
HepoHax MnekonuTatowmx. Ero noTpscatowas pabota ¢ OgoM boipeHoM n deHb
>KaHb npmBnekna orpoOMHOE BHUMaHue, 410 obewlano 60nbLIOe KONMYeCcTBO 3aKa3oB
Ha a1y [HK ¢ uenblo akcnpeccuposaTb 3TOT 6eNOK B MO3re. TONbKO TOrAa MHOMMUM
konneram B EBpoONne CTano NOHATHO, YTO KaHanbHble POAONCWHBI BbiNv BNepBbie Onu-
caHbl BO ®paHkdypre!

OTOT ycnex n nerkocTb UCNOMb30BaHWA KaHanbHOr0 POAONCUHA-2 HATONKHYNW
Kapna n AnekcaHaepa Ha MbICMb: @ HET N ApYrMx POAOMNCUHOB, KOTOPbIE MOXHO
6b1N10 6bl NCNONL30BATb ANA YIrHETEHNS aKTUBHOCTM HEMPOHOB? Mbl pacckasanu M o
6aKTepPNOPOAONCUHE M ranopoAONCUHE — CBETOYYBCTBUTENbBHBIX HACOCAX, 3KCMOP-
TUPYIOLLMX NPOTOHbI 1 UMNOPTUPYIOLLIMX @HMOHBI XNopa cooTBeTcTBeHHO. O6a Hacoca
AenatoT BHYTPEHHIOI NOBEPXHOCTb KNETOYHOM MeMbpaHbl elle 6onee oTpuuatensHo
3apsXKEHHOW, T.€. Bbl3bIBAIOT CBETOHYBCTBUTENBHYIO FrMnepnonspuaaumio. Mel nocose-
TOBaNM B KA4eCTBE areHTa CBETOHyBCTBUTENLHOM rMnepnonapu3aumm ranopoaoncuH
13 MrkpoopraHunama Natronomonas pharaonis. Y Hac 6bino npenmyLiecTso 6naroga-
ps HaWWM HapaboTkam 13 1996 r.: Mbl 3HanNW, 4TO ranopogoncuH o6naaaeT BbICOKOM
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athhMHHOCTBIO K @aHMOHAM XNopa M YTO OH CTabunbHO 3KCMPECCUMPYETCH B KneTkax
YKMBOTHbIX.

Kak oka3anocb, CBETOBOM akTBauUmmM XNIOPHOrO Hacoca ranopoaoncmHa 661no ao-
CTaTOYHO Kak ans MHrmbmpoBaHus MMNynscaumm B HEMpOHaxX MNEKONUTAIOLWNX, Tak v
ANA MHrMBMPOBaHMS MbILLEYHOro CokpalleHus y Hematodsl C. elegans. Camoe cmelw-
HOE, 4TO 3TN HEMPOBMONOrMYECKNE IKCMEPUMEHTLI C ranopPOAONCUHOM (M aHanorny-
Hble ¢ 6AKTEPMOPOAONCUHOM) MOXXHO ObINO CAenaTb HECKONbKMMK FOAaMn paHblue,
OAHAKO Ha WX NCNONb30BaHWE CMOMNO NOBNMATL TONLKO OTKPLITME N NPUMEHEHME Ka-
HanNbHOrO POAOMNCUHA-2, CTaBLIEro OCHOBOW HOBOW 06NacTK, KOTOpas cerdac Hadbl-
BAETCH ONTOreHeTuKow. Tenepb 3TM MHCTPYMEHTLI UCNONB3YIOT MHOTME Hernpobuono-
v, @ HEKOTOPbIE rPyNMbl, BKNOYAA M Hawly, NPOAoMKatoT pabotaTte Hag ynyYeHnem
1 oboralleHneM CyLeCTBYIOLLErO apceHana ONTOreHeTUKM.

lonyboii ceeT XenTolii ceeT
(460‘ HM) (580 HM)

%

KaHanbHbil

POAOMNCUH-2 [anopoponcuH

CseT BKNtOYEH CserT BKNtOYEH
Qn

Bpems — Bpems —

Puc. A. CxemaTuyeckoe n3obpaxeHune KaHanbHOro poaoncuHa-2 v rano-
poaoncuHa B nnasmaTtnyeckon membpaHe. Huxe nokasaHo BAUAHWE ro-
ny60ro v XenToro ceeta Ha MeMOpaHHbIN NOTEHUNan, KOTOpbIA onocpe-
[0BaH KaHanbHbIM pOAONCUHOM-2 U ranopofonCUHOM COOTBETCTBEHHO

Jlutepartypa

Nagel G, Szellas T, Huhn W, Kateriya S, Adeishvili N, Berthold P, Ollig D,
Hegemann P, Bamberg E. 2003. Channelrhodopsin-2, a directly light-gated
cation-selective membrane channel. Proceedings of the National Academy of
Sciences of United States of America 100:13940-13945.

IToHMMaHUe NOBeJeHUs, pa3yMeeTCsl, HEBO3MOXHO (€3 NOHMMAaHHUA MeXa-
HU3MOB BO3HMKHOBEHHS [IOTEHIMAJIa JE€HCTBUS U €ro IPOBeJleHUs B HEPBHOM
cucteme. Ceifuac Mbl PaCCMOTPHUM, KaK ABHXKEHUE HOHOB Yepe3 CeaIu3upo-
BaHHbIE MOHHbIE KaHa/Ibl HEipOHA (pOPMUPYET OCHOBY HEPBHOT'O CUTHAJIA C €T0
MHTEpPeCHbIMU CBOMCTBAMM.
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Puc. 4.4. YnpaBneHne akTUBHOCTbIO HEPBHOM
CUCTEMb! MbILUX C NOMOLLbIO ONTOreHeTUKM.
[eH, KOOMPYIOLWMIA KaHaNbHbIN pOAONCUH-2, Bbin
C NOMOLLbIO BUpYyca BBefeH B HEMPOHbI MO3ra
MbilWKW. HacToOTOW UMNYNbCOB 3TUX HENPOHOB
Tenepb MOXHO ynpaeffTb NP NOMOLUM TOny-
60ro cBeTa, NOCTynalowero Mo ONTU4ECKOMY
BonokHy. (C nio6esHoro paspewenus Dr. Ed
Boyden, Massachusetts Institute of Technology)

NOTEHUWAN OENCTBUA B TEOPUA

IToTeHnuan geiicTBus npeacTaBiseT co6oit GhICTpPOe nepepacipeeeHue
3JIEKTPUYECKUX 3aPAJOB uepe3 MeMOPaHy. Jenosapusayus xaemouno Memopars.
60 8peMA NOMEHUUANA OTUCTIBUA BBIIBLEALMCA BXOOAUUM MOKOM UOHOE HAMPUR, A peno-
JAPUSAYUA BBL3BIEALMEA BBLXOOAUUM MOKOM UOKO8 Karus. JlaBaiiTe e BOCIIOIb3yeM-
Csl HEKOTOPBIMU KOHLEMIUAMH, II0OJTy4€HHbIMU B INIaBe 3, YTOObI HOHATb, KAKUM
06pa3oM HOHBI IPOXOJAT Yepe3 MEMOPAHY U KaK 3TO NepeMelieHHe HOHOB BJIH-
sieT Ha MEMOPaHHBIii TOTEHIIUAL.

TOKM 1 NPOBOANMMOCTb MeM6paHbI

PaccMoTpuM Hekmil runoTeTUYecKuil HEfPOH, N306paXKeHHbII Ha puc. 4.5.
B Mem6pane 3Toit KI€TKM UMEETCS TPU THUIMA GEJKOBbIX MOJIEKYJI: HaTpHil-Ka-
JI€eBble HACOChI, KAIMEBbIE KaHAIbl U HaTpUeBble KaHalbl. Hacocel pa6oTaoT
IIOCTOSIHHO, YCTAHABJIMBasi U NOJAAEPKUBass KOHIEHTPAlMOHHbIE I'PaJUEHTHI.
Kak u Bo Bcex npeabIiymux NpuMepax, NpeArnoyokuM, 4To KoHIeHTpauus K*
BHYTpH KIeTKU B 20 pa3 Bblllle, YEM CHAPYXH, a2 KOHLIEHTpauusa Na® cHapyxu B
10 pa3 Bbie, uem BHYTpH. B cooTBeTcTBUM C ypaBHenuem Hepucra, npu 37 °C
E,=-80MB, a E_ =62 mB. Ha npumepe 3Toi1 k1eTku paccMOTpuM akTopsl,
ynpasJsiolye ABHXeHHEM HOHOB Yepe3 MeMGpaHy.
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Haunewm c gonyuenus, 4To ¥ KajlueBble ¥ HATPUEBbIE KaHAIbI 3aKPbITHI U1 YTO
mMeMGpaHHblit noteHuuan V. pasen 0 MB (puc. 4.5, a). Tenepb 0TKpoeM TOJIbKO
KaeBble KaHabl (puc. 4.5, 6). Kak Mbl y3Hamu u3 miaBbl 3, BO3HUKIINI Tok K*
U3 KJIETKH 10 IPaJIMEHTY KOHLIEHTpaluH GyJIeT NPOJOXKAThCSA 0 TEX IOP, MOKa
BHYTPEHHsI IOBEPXHOCTh MEMOPAHbI HE CTAHET 3aPAXEHHOI OTPUIIATENLHO, a
V_ He cpauseTca ¢ E, (puc. 4.5, 6). 3aech Mbl JOJDKHBI PACCMOTPETD ABHXEHUE
nonos K*, 6;1aronaps kxoropomMy MeM6paHHbIit MoTeHuHa uamensercs ot 0 MB
10 —80 MB. PaccmoTpuM ciiesyiomye Tpy MOMEHTA.

1. Cymmapnoe aBuxenue K' yepes meMOpaHy mpeacTaBisieT cOOOH 3JIeK-
TPUYECKHIT TOK. ITOT TOK Mbl MOXKEM OGO3HAYUTD Kak I.

2. KosmuecTBO OTKPBITBIX KAIMEBbIX KAHAIOB IPONOPLMOHAIBHO 3JEKTPH-
YECKOi1 IPOBOAMMOCTH. ITY NPOBOJUMOCTb Mbl MOX€EM OG03HAYUTDb KaK o

3. Kaimesblit Tok uepes memGpany I, 6y1eT Npomo/KaThCsa TOMBKO IO TEX
nop, noka V_ # E,. Jlsmxymas cuna aia K* onpegensercsa Kak pasHOCTb
MeXAy HaKTUUYeCKUM MEMOPaHHBIM MOTEHUUAIOM U PaBHOBECHBIM IIO-
TEHIMAIOM, KOTOpast MOXET ObITh 3anvcaHa kak V_ - E .

CooTHolleHne MeX/y ABHXKYIIEi CHJIO HOHOB, MOHHOI IPOBOJUMOCTBIO U
CHUJIOi HOHHOTO TOKa MPOCTOE U BbIpa)kaeTcs CJIeAyIoIUM 0Gpa3oM:

IK = gl( (Vm - EK)

B 6oJ1ee 060611€HHOM CJIy4ae OHO 3aIUChIBA€TCS TaK:

IHOH = gHOH (V s E

m uox)'

Ecym 3TH BBIpaXK€HHUsI IOHATHBI, TO 3TO MOTOMY, YTO OHH IPEJACTABJSAIOT CO-
6011 onHy u3 popm 3anuceil 3akoHa Owma, I = gV, KoTOpBIi1 MBI paccMaTpuBaIu
B IV1aBe 3.

Tenepb faBaiiTe MOCMOTPUM Ha Hall MpUMepP C APYroi cropousl. IlepBo-
HayaJbHO Mbl HayaIu C Toro, yro V=0 MB u memGpana HenpoHunaema ais
MOHOB (cM. puc. 4.5, a). [IBmxymas cuna aia K senuka, mockonbky V # E;
daktnueckn (V- E,) = 80 MB. Onnako, nockonbky MeM6pana HEIPOHHULIAEMA
ais K, xaiueBass mpoBoANMOCTD g, PpaBHa HyIIO. CrepoBaTesibHO, I = 0. Ka-
JINEBBI TOK BO3HUKHET, TOJBKO KOTJa OTKPOIOTCS KaJMeBble KaHAIBI, T.€. IPU
g, > 0. Tenepsb Boxoasamuii Tok K* GyaeT npogo/kaThes 10 TEX NMOp, MOKa MeM-
GpaHHBII1 NOTEHIUAI GyAET OTJINYAThCS OT PAaBHOBECHOTO MOTEHIHMATA KU
(cm. puc. 4.5, 6). O6paTuTe BHUMaHME: HaNpaBJIeHHE TOKA TAKOBO, YTO V_ cTpe-
mutca k E.. KornaV_ = E,, Mem6pana HaXOAUTCA B COCTOSHUM PABHOBECHUS, U
CYMMapHBIi TOK GyAeT OTCYTCTBOBaTb. B 3THX YCJIOBUSAX, HECMOTPS CYILECTBO-
BaHHE GOJBUION KATMEBOI NMPOBOAMMOCTH g,, ABMXYyIas cuiaa s moHosB K*
OTCYTCTBYET (puc. 4.5, 6).
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HapyxHas
noaeprocTPQ . CHapyx Hatpuesbin Kanvessblit
 BHyTpeHHss ; E,=-80mB
MOBEPXHOCTb : Ey.=62MB
\ L‘ 9c=0
* Cxemaruyeckuii =0y (V- E) =0
" Heipon KneTKu
(a)
v, %

E,=-80MmB

Ey, =62MB
%>0

=g« (V= EQ) >0

Puc. 4.5. Memb6paHHble TOKM U NPOBOAUMOCTW. 1306paXxeH Hekui naeanbHbli HEWPOH C
HaTpWA-KaNIMeBLIMM Hacocamu (He MoKasaHbl), KanMeBbIMU U HaTpUeBbLIMU KaHanamu. Ha-
COCbl CO3AaI0T KOHLEHTPaLUMOHHbIE rPaANeHTbI MOHOB TakuM 06pa3oM, YTo K* 6onbLue BHYT-
py kneTkn, a Na+* — cHapyxu. (a) HauHem ¢ gonyuieHus, 4To BCe KaHanbl 3aKpbiTbl U YTO
MeM6paHHbI NnoTeHunan paseH 0 MB. (6) Tenepb OTKPOEM KanuneBble KaHasbl, U BOSHUKHET
ToK K* 13 KneTku. 310 nepemellieHne K* npeactaBnsaeT coG0iM aneKTpU4eckui Tok |, koTo-
pbI NpOAOMKaeTCs A0 Tex Nop, noka NPOBOAMMOCTL MeMOpaHbl Ana K* g, 6yaeT 6onbLue
HyNA, a MeMbpaHHbIA NOTeHUNan He paBeH paBHOBECHOMY NoTeHumany kanus. (B) B cocto-
SIHUW PaBHOBECWA CYMMapHbI KanneBbln 3apsaf OTCYTCTBYET, NOCKOMLKY, XOTA g, > 0, MeM-
6paHHbIA NoTeHuuan paeeH E,.. B cocTosHUm paBHOBECHS KONMHECTBO MOHOB K*, BXOAALLMX
B KNETKY W BbIXOAALLMX U3 HEe, OANHAKOBO
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JleTanu noteHuuana aencTeus

BepneMmcs x ToMy, 4eM Mbl 3aKOHYMJIM NPeAbIAYUi pasgen. Mem6Gpana Ha-
1Iero MAeaTbHOTO HeifpoHa mpoHuuaema toabko aia K', a V= E, = -80 MB.
Yro npoucxoaut ¢ Na*, KOHIIeHTpalus KOTOPOro Bbllle CHapyxu kieTku? ITo-
CKOJIbKY MEMOPaHHBII OTEHIMA1 CUJILHO OTPUIATEJIEH 10 OTHOIIEHUIO K PaB-
HOBECHOMY MOTEHIAIy HATPUs, CYIIECTBYeT GOJblIas ABMXKYIAas cua A Na*
([V,—E]=[-80MB-62mMB] =-142 MB). Tem He MeHee cymmapHOro Toka Na* He
6yzeT, noKa MeMOpaHa OCTaeTcs HenpoHUaemMoi A Na'. Tenepb oTkpoem Hat-
pure€BbI€ KaHaJIbl M1 IOCMOTPHM, YTO HpOHSOﬁACT C MCM6paHHbIM IIOTECHIHNAJIOM.

B MOMeHT, kxorja Mbl U3MEHUJIN IPOHUIIAEMOCTb MEMOPAHBI AJ151 3TOTO MOHAa,
g\, CTAHOBUTCA BBICOKOH, a JIBIXKYIAA CUJIA, AEACTBYyOmas Ha Na*, Kak Mbl yKe
CKa3aJIM BbIlle, OY€Hb BeJUKA. Tak MbI MOJY4UIM TO, YTO HYXKHO JJIS TOTO, 4TO-
Obl BO3HUK GOJIbLION HAaTPUEBDII TOK I uepe3 mem6paHy. Na* IBrKeTCS Yyepes
HaTpUEBbIE KaHaJIbl MEMOPaHbI B HANPaBJIEHUH, NpubKaomeM VK ENa; B
JAHHOM CJly4Yae HaTPUEBBI TOK I sABiseTca BxoaamumM. ITpunsas, 4to meM6pa-
Ha B 3TO BpeMsl HAMHOTO 60Jiee IPOHUIAeMa JJIsl HATPUS, YeM I KaJlUsl, JIETKO
MOHATD, YTO 3TO NOCTymaeHne Na* 6yJeT Aenoaapu3oBaTb MEMOPaHy HEHpOHa
JI0 TEX 10D, NOKa V_ He JOCTUTHET 3HAaYEHUS ENa, T.e. 62 MB.

U BOT 31€Ch NPOUCXOAUT OIHA IPUMEYATENIbHASA Belllb. [IpocThIM nepex.mo-
YeHHUEM NPEUMYIECTBEHHON MeMOpaHHoOIit npoHunaemoctu ¢ K* Ha Na® Mol cy-
M€JIM JOOUThCS GbICTPOI pEBEPCUM MEMOPAHHOTO NOoTeHNMana. TeopeTuyecku
BOCXOJs1as ¢a3a noTeHnasa AeHCTBUSI OGbACHAETCS OTKPbITEM HATPUEBBIX
KaHaJIOB B OTBET Ha JENOJIAPU3ALMIO MEMOPaHBI BbllI€ IOPOrOBOrO 3HAYEHMSI.
JT1o obecneynBaeT noctymwienre Na* B HEPOH, NPUBOAALIEE K OOMMPHOIL Je-
HOJIAPU3ALUHU JI0 JOCTHXKEHUS MEMOPaHHBIM NIOTEHIMAJIOM 3HaueHus E .

A xax 06BACHUTD HUCXOASAINYIO YaCTh MOTeHIMaa JeiicTBus? [Toka 4To npo-
CTO Gy/lEM CYUTATh, UTO HATPUEBbIE KaHAJIbl GbICTPO 3aKPbIBAIOTCH, B TO BpeMs
KaK KalleBbl€ OCTAIOTCA OTKPBITBIMU, B PE3YIbTATE YETO NPOHULIAEMOCTb MEM-
6panbl 1151 K* cHoBa HauMHaeT npeo6agaTh HaJl TakoBoii 1)1 Na*. B aTux ycio-
BUAX BO3HUKHET ABMXeHHe K' U3 K1eTkH, KoTopoe GyAeT NPOA0JIKAaThCA IO TEX
[Op, NOKa MEMOPAHHDIN OTEHIMAT ONSITh HE CTAHET paBeH E, .

Hame uanoxeHue jgeTaneil NoTeHIMasa ACHCTBUSA B UAEAIbHOM HeHpOHe
CXeMaTHYeCcKH MI0Ka3aHo Ha puc. 4.6. Bocxoasmas yacTh noTeHIuana AeficTBUs
OOBACHAETCS BXOJAIIMM TOKOM HATPUs, a HUCXOAAIAsA (pa3a — BLIXOAAIUM TO-
KoM Kanus. Takum o6pa3om, noTeHIMal A€HCTBUSA MOXHO OGBACHUTD IPOCTO
nepeMenleHNsAMY UOHOB IO KaHajlaM, KOTOPbl€ OTKPbIBAIOTCSA U 3aKPbIBAIOTCSA
NOJ BAMSHUEM U3MEHEHUSI MEMOPAaHHOTO NOTeHUKa a. Eciu Bbl ycBOUIM 3TO —
3HAYMT, Bbl yCBOWJIM NIABHOE U3 TOTO, YTO KACAETCs HOHHOI OCHOBBI NOTEHIU-
ana geiicteusa. HaM ocTaeTcs TOBKO PACCMOTPETD, UTO JK€ IPOUCXOAUT B A€ii-
CTBUTEJILHOCTU — B HACTOSIIEM HEHPOHE.
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Puc. 4.6. O6paLueHne mMeM6paHHOro NoTeHUnana npyu 3SMeHeHU OTHOCUTENbHOW NPo-
HULaeMOoCTU Mem6paHbl Ana UOHOB. (a) Mem6paHa naeansHOro HevipoHa, npeacTasneH-
Has Ha puc. 4.4. Mbl Ha4anu ¢ ponyuleHus, 4To MmembpaHa nNpoHuuaema Tonbko ana K+ v
uto V_ = E,. (6) Tenepb Mbl Aonyckaem, YTO HaTpueBble KaHanbl MeMOpaHs! OTKPLIBAKOTCA
g, >> g,. BosHukaeT 6onbluas asvxywas cuna Ans HaTpus, nostomy Na* yctpemnseTcs
B KneTky, npubimxan V. K E, .. (B) Tenepb 3akpoem HaTpueBble KaHanbl, Tak 4To g, >> g,.-
Mockonbky MeMbpaHHbIn NOTEHUMan NoNoXvTeNeH, Asuxyllas cuna ana K+ senvka. Boixoa
K* npubnuxaet V_ Hazaf k E,. (r) CocTosHue nokos BoccTaHasnueaeTces, koraaV, = E,
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NOTEHUWAN OENCTBUA B PEAJIBHOCTU

JlaBaiiTe Gerjo NMOBTOPMM Hallly TEOPUIO MOTeHIUalIa AeicTeud. Ilpu me-
NOJAPU3alMH MEMOPAHbI O NOPOTOBOrO 3HAYEHHUS BO3HUKAET NpeXojsiiee
HOBBILIEHHUE g . IToBbIlleHNE gy, BPI3BIBAET BXOA Na*, 4YTO NPUBOJUT K AENO-
JIIpU3alluu MeMOpaHbl HeitpoHa. Kpome Toro, nosblileHUE g, AOJKHO GbITh
KPaTKOBPEMEHHBIM, YTOObI MOXHO GbLIO OObACHUTDL MAIYIO JJUTEIbHOCTD I10-
TEeHLUala AeHCTBUA. 3aTeM BOCCTAHOBJIEHHE OTPUIATEIbHOTO MEMGPAHHOTO
NOTEHLHAIA CONPOBOX/AETCA JAIbHERIINM TIOBbIIIEHNEM g, BO BPEMS HUCXO-
Asueil ¢gasbl, 4To MO3BoJseT K* GbIcTpee BLIXOAUTD Yyepe3 JenoJIsspU30BaHHYIO
MeMOpaHy HeHpoHa.

ITpoBepuThb 3Ty TEOPHIO B IPUHIUIIE HE TAK YK CJIOXHO. Bce, uTo Hazo cae-
JIaTh, — 3TO U3MEPUTb HATPHEBYIO U KAIHEBYIO IPOBOAMMOCTb MEMOGPAHBI BO
BpeMs noTeHnuaila Jeiictsus. Ha npakTuke, oHaKo, Takoe U3MepeHHUeE B Ha-
CTOSII[EM HEHPOHE MPOBECTH OYEHDb CJIOXKHO. YCIexa 37eCh yJaloCh JOCTUYDb
1I0CJle MOSABJIE€HUs METOAUKH (PUKCAaLlMM IOTEHIIMala, pa3paboTaHHOIT amepu-
kaHckuM ¢pusnoaorom Kennerom K. Koynom n y6eautenbHO HCNIOIb30BaHHO
B 9KCNIEPUMEHTaX, BbINOJHEHHBIX B KeMOpUIKCKOM yHUBEpCUTETE (PU3NOJIO-
ramMu AraHoM XOKKMHOM U JHApPIo Xakcau npubausuTtenbHo B 1950 r. MeTo-
JuKa (puKcanuy MOTEHIMalIa MO3BOJIMIa XOIKKUHY U XaKcIu “PpUKCUPOBaTh”
MeMGpaHHBII IOTEHIMAI aKCOHa Ha JIIOG0M 3HaYeHuH no Bbi6opy. [Tocie aTo-
r'O OHM CMOIJIM PacCUUTATh UBMEHEHUS B IPOBOAUMOCTH MEMGPaHbI, KOTOpbIE
IPOMCXOAAT NPHU Pa3IUYHbIX 3HAYEHUAX MEMOPAHHOTO MOTEHIMAJIA, HA OCHO-
BaHUU U3MEPEHHUs TOKOB, NIPOXOASANIMX CKBO3b MeMOpaHy. B psze m3smHbIX
dKCrepuMeHTOB XOMXKHUH U XaKCJIM MOKa3al, YTO BOCXOAsAIas (a3a NoTeH-
Uaa JeiCTBUSA AeHCTBUTENbHO BbI3bIBAETCA NPEXOAAIINM MTOBbILIEHUEM g,
u noctyrienueM Na', a HUCXoAsmas ¢a3a CBA3aHA C NOBBILIEHUEM g, U BBIXO-
aom K*. 3a aTu pesyabTaTe! yuennie B 1963 r. 6b11u yroctoennt HoGenebckoii
IpeMHHu.

s 06bACHEHUA NPEXOAAMUX U3MEHEHNH g, XOKKUH 1 XaKC/IU IPENo-
JIOXHUJIM CYIleCTBOBAHHE HAaTPUEBBIX “BOPOT” B MeMOpaHe akcoHa. CorylacHO ux
TMIIOTE3€, 3TU BOPOTa “aKTUBUPYIOTCA” NPHU AENOAApU3aLUU MeMGPaHbI BbIlE
IIOPOTOBOTO 3HAYEHUA U “MHAKTUBUPYIOTCA” (3aKPbIBAIOTCSA, WU GJIOKUPYIOT-
Cs), KOrja NOTEHLUal MeMOpaHbl CTAHOBUTCS IMOJIOXUTENbHbIM. “PeakTuBa-
1[us” BOPOTHOTO MEXaHU3Ma NMPOMCXOJUT TOJLKO IOCJE TOro, Kak 3HaueHue
MeMOPaHHOTO OTEHLIMAa CHOBA CTAHOBUTCS OTPULIATEbHBIM.

3acayra XoxkuHa ¥ XaKCJIM B TOM, YTO UX TUIIOTE32 O BOPOTHOM MEXaHU3-
Me B MeMOpaHe poAuIach 6osee yeM 3a 20 JIET 1O HENMOCPEJCTBEHHOTO OTKPhbI-
THS GEJIKOBBIX ITOTEHI[MAJI-3aBCUMBIX KaHAaJIOB B MeMGpaHe HeifpoHa. Buaro-
Japs JBYM HEJaBHUM OTKPBLITUAM Mbl TeNepb elle Jydlle NpejcTaBiseM cebe
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MeMGpaHHbIe KaHIbI C BOPOTHBIM MeXaHM3MOM?. Bo-niepBbIX, HOBblEe METOJbI
MOJIEKYISIPHOM GHMOJIOTUH NMO3BOJIUIN ONPEAEIUTb NOJPOGHYIO CTPYKTYPY 3THX
6exoB. Bo-BTOpBIX, 61arofapss HOBbIM HEIIPO(UINOJIOTUIECKUM METOANKAM
CTajJ0 BO3MOXXHbIM U3MEPATb TOK MOHOB Y€pe3 OJUHOYHBIN KaHal Paccmor-
PUM MOTEHIUaAI AEHCTBUSA C TOYKU 3PEHUS STUX MOHHBIX KaHAJIOB.

MoTeHuman-3aBUCUMbIN HaTPUEBbIN KaHan

ITorennnan-3aBUCHMBIH HaTpHMeBbIil KaHal Ha3BaH TaK BeCbMa YAadyHO.
MeMOG6paHHbIit 6€10K 06pa3yeT Mopy, BLICOKOU3GHpaTeIbHYIO 111 HOHOB Na*, a
caMa 1opa OTKPbIBA€TCA U 3aKPbIBAETCSA 0] BIMSHNEM U3MEHEHUI1 MeMOpaH-
HOTO NOTEHIUaa.

CTpoenune HaTPUEBOro KaHana

IToTennuan-3aBUCUMbIi HATPUEBLI KaHaJI COCTOUT U3 OJJHOTO JUIMHHOTO I10-
aunentuja. B ero Mojexyse BbIAENAIOT YETHIPE JOMEHA, IPOHYMEPOBAHHbBIE OT
I 1o IV; kax blii JOMEH COCTOUT U3 LIECTH TPAHCMEMOPAHHBIX albda-cnupaei,
o6o3HauaeMbIx oT S1 g0 S6 (puc. 4.7). 3Tu yeTblpe JOMEHa COOPaHbl BMECTE
HanoJo61e Ny4Yka, BHYTPU KOTOPOro oopa3syeTcs nopa. IIpu oTpunareibHoM
3HaYeHUU MeMGPaHHOrO NOTEHLMaIa Nopa 3akpbiTa. OAHaKo, Korja MeMopaHa
JeTnoJIIpU3yeTCs A0 MOPOroBOro 3HA4YEHMs, 3Ta MOJIEKYJIA IPUHUMAET APYTYIO
KOH(pUTypaluIo, ClIocoGHyI0 nporyckaTh Na* uepes nopy (puc. 4.8).

Kak u B kaueBOM KaHajle, B HATPHEBOM KaHaJle UMEIOTCS IOPOBbIE METIH,
o6pa3syiomue ceJeKTUBHbIA PUILTP. ITOT PUILTP J€a€T HATPUEBbIN KaHa B
20 pa3 6os1ee mponuuaeMeiM Juist Na*, uyem aia K*. Pasymeercs, nons! Na* npu
3TOM TepAIOT GOJBUIMHCTBO OKPYXAIOUMX UX MOJIEKYa BoJbl. OfHAKO Te BO-
JTHbI€ MOJIEKYJIbI, KOTOPbI€ COXPAHMJIM CBOIO CBA3b ¢ Na', UTpaloT BaXXHYIO POJb
COIIPOBOX/ACHUS, HEOGXOAUMYIO JJISl TOTO, YTOOBI 3TOT MOH MpOIIes Yepe3 ce-
JIEKTUBHBII (PUIBTP. ITOT KOMILJIEKC MOHA C MOJIEKYJIAMU BOJbI HYK€H JIJIsl TOTO,
4TOG6bBI KaHa1 Mor omimuuTh Na® ot K* (puc. 4.9).

HaTtpuesble kaHa/lbl OTKPBIBAIOTCS NOJ BIAUSHUEM U3MEHEHUI NOTEHIUIa
Ha MeMOpaHe. B HacTosilee BpeMs YCTaHOBJIEHO, YTO “JAaTYMK NOTEHUHUaIa”
HAXOAUTCA B cerMeHTe S4 MoJjieKy/bl KaHata. B aToM cermeHTe no Bceit JyuHe
ab(a-CIpaIi Ha paBHOM PacCTOSHUHU JAPYT OT JPyra PacloJIOXeHbl IOJIOXH-
TeJIbHO 3apsDKEHHble aMHUHOKHCJIOTHBIE OCTaTKU. TakuM o6Gpa3oM, BeCb 3TOT
CErMEHT MOXHO NPUBECTH B JBUXEHUE, U3MEHASA 3HaY€HHE MEMGPaHHOrO Mo-
TeHnuaza. [Ipu aenonspusanuy npoucXoauT cMeueHne S4, M Takoe U3MeHe-
HUe KOH(OPMaLUN 3aCTaBJIsSET BOPOTA OTKPHIThCS.

? B 0TeueCTBEHHO JIUTepaType OGBIYHO FOBOPAT O MOTEHIMAI-3aBUCUMBIX KaHajlaX — B OT-
JIMYME, HaMPUMeEP, OT KAHAIOB, KOTOPbIe HEe UMEIOT BOPOTHOTO MEXaHU3Ma U COCTOsIHUE
KOTOPBIX He 3aBUCHUT OT 3HaYEHUSA MEMGPAHHOTO NOTeHUMana. — ITpumeu. nep.
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Puc. 4.7. CTpoeHve HaTpueBOro KaHana. (a) innioctpauus npeacTasneHnin 0 nono-
XXEHUM NONMNENTUAHOM LenoYKn HaTPUEBOro kaHana B MembpaHe. Monekyna cocTout
13 YeTblpex AOMeHOB, oT | Ao IV. Kaxabih AOMEH COCTOUT U3 LWecTu anstha-cnupanein
(nokasaHbl B BuAae ronybeix 1 60pAoBbIX LMAVHAPOB), “npolumBatowmnx” memépany,
nopobHO cTexkaM HUTKKU. (6) YeBenuyeHHoe u3obpaxeHne AoMeHa, NoKasbiBaroLlee
“paTyvK noTeHumana” ansga-cnupany S4 n NeTNo NOpbI (KPacHLIM LUBETOM), KOTOpbIe
06pa3yloT nabupatensHbin GUneTp. (B) N306paxkeHne Leno Monekynbl, Nokasbisa-
toLee BO3MOXHOE B3aUMHOE pacrofioXXeHne ee AOMEHOB, NPy KOTOPOM MeXAY HUMU
obpagsyeTcsa nopa. (ApantuposaHo u3 Armstrong and Hille, 1998, Fig. 1)
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Mopa 3akpbiTa lMopa oTkpbITa

-65mB —> -40MB

Puc. 4.8. TunoTeTnyeckas moaens U3MeHeHUs KOHtUrypawumm HaTpueBoro
KaHana nop BnusH1Mem genonspusauum MemépaHbl
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Puc. 4.9. Fa6apuTtbl n3aéuparennHoro
p p p thunbTpa HatpueBoro kKaHana. WoHbl,
M;‘g'xs: q:g:ﬁi‘o L{:ST":'A‘“:EO NPOXOASALLME NO KaHany, CONpOBOXAaoT-
b gl et el cs Momixynamw BOAbI. MMAPaT/POBaHHSIV
dubTPA DOBAHHOTO  POBAHHOIO 1oH Na* MOXeT NpoiiTV Yepes nopy, rma-
HaTpuesoro wonaNa+  uowa K+ paTpoBaHHbIA MOH K* — HeT. (ApanTupo-
KaHana BaHo u3 Hille, 1992, Figs. 5, 6)

®YHKLMOHANbHbIE CBOHCTBA HATPUEBOr0 KaHana

B uccnenopanusax, sbinosHeHHbIX okojo 1980 r. B MucTuTyTe M. Makca
ITnanka B IéTTHHreHe (lepMaHus ), 6bIIM U3YyYEHbI (PYHKIIMOHAIbHbIE CBOIICTBA
HATPUEBOTO KaHala. /I 3TOro ObLI NPUMEHEH HOBBIII METOJ, KOTOPBI1 Ha-
3BIBAICS JIOKAIbHOM (pUKcCanuedl MEMOPaHHOrO MOTeHUHaIa (M3TI-KIIMI)
Y TO3BOJISJI U3yyaTh MOHHbIE TOKHM uepe3 OAMHOYHBIII MOHHBII KaHal (Bpes3-
ka 4.3). B meToauke N0KanbHOI pUKCALIMM MEMOPAHHOTO MOTEHIMAIa KOHYUK
3JIEKTPOJa NMPUKPEILIAETCA K OYE€Hb MAJIEHbKOMY YYaCTKy IIOBEPXHOCTH MEM-
GpaHbl HEHPOHA, KOTOPbIT Ha3bIBaeTCA namy (AHII. patch — “3amaTka”). 3aTeMm
3TOT yYaCTOK MEMOPAHbI MOXHO OTOPBATh OT HEIPOHA U C MOMOMBIO PHUKCa-
UM MEeMOGPaHHOTO NOTEHUUaNa (aHrJ. clamp — “3a)XUMaTh”, “CKpPEIIATL”) Ha
JI060M YPOBHE 1O BBIGOPY 9KCIIEPUMEHTATOPA U3MEPATb B HEM MOHHbIE TOKH.
Ecim noseseT, Ha 3TOM yYaCTKe MOXET OKa3aThCs BCETO OJMH KaHaI, U MOXHO
6yaeT u3ydaTh €ro MopejeHue. ITOT METO/, U NMO3BOJIU U3YYUTh PYHKIIMOHAIb-
Hble CBOHCTBA HATPUEBOTO KaHaJIa.

Vsmenenne MeMOpaHHOro NOTEHIMAIA yYacTKa MeMGpaHbl akcoHa ¢ —80 1o
-65 MB Ma0 BIMsET Ha NOTEHIMAI-3aBUCHMbIE HATPUEBbIe KaHaIbl. OHU OCTa-
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IOTCSl 3aKPBbITBIMU, ITOCKOJIbKY JeNoJIgpU3alis MeMGpaHbl He JOCTUraeT IOpo-
roBOTO 3HaueHHUs. A M3MEHEHHE MeMOpaHHOro noreHnuanma ¢ —-65 xo —40 mB
INPUBOJUT K OTKPBITHIO 3TUX KaHanoB. Kak nokasano Ha puc. 4.10, nosegenue
NOTEHLHNAI-3aBUCUMBIX HATPHEBBIX KAHAJIOB UMEET PsiJi OCOGEHHOCTE .

1. OHM OTKpBIBAIOTCA C KOPOTKOM 3aAEPAKKOIL.

2. OHM OCTaIOTCA B OTKPBITOM COCTOSIHUM B T€4E€HHE 1 MC M 3aTeM 3aKpbIBa-
I0TCA (MHAKTUBUPYIOTCH).

3. OHM He MOTYT OTKPbIBATbCSl IOBTOPHO IOA A€UCTBUEM JENOIspU3allUU
JI0 TeX IOp, M0Ka MeMGPaHHbII MOTEHLNAI He BEPHETCSA K CBOEMY OTpPU-
LaTeJIbHOMY 3HAYEHUIO HIDKE IIOpora.

Ha puc. 4.10, ¢ nokazaHa runoTeTH4ecKas Mojejb KOHPOPMaLIMOHHBIX U3-
MEHEHMI1 B MOJIEKYJIe OTEHIIMAI-3aBUCMOr0 HATPUEBOTO KaHala, O0bACHSIO-
1asi 3TU CBOMCTBA.

OaMHOYHBIM KaHaJI He BbI3BIBAET NOTEHNIMAA JeiicTBus. B memGpaHe akco-
Ha MOTYT HaXOJUTBCS ThICSIYM HATPHEBBIX KAHAJIOB Ha KBAAPAaTHBII MUKPOMETP
(MkM?), COBMeCTHas IeITEIbHOCTb KOTOPBIX HEOGXOAMUMA [UIst TOTO, YTOObI BO3-
HUKJIO TO, 4YTO Mbl PETUCTPHPYEM KaK NOTeHUHa1 JeicTBUsA. TeM He MeHee UH-
TEPEeCHO 3HaTh, KAKHE U3 CBONCTB NMOTEHLHANA JEeHCTBUS OGBICHSIOTCS CBOM-
CTBaMM MOTEHLMAI-3aBUCHMOTO HaTpueBOro kaHasa. Hanpumep, ToT daxkT,
YTO OJUHOYHBINA KaHAI HE OTKPBIBAETCS JO JOCTHXKEHUS KPUTHUYECKOTrO YpOB-
Hs JenoyispU3allid MeMOPaHbl, OOBICHAET HaIM4HUe nopora JJis NoTeHIaIa
JeicTBUs. BbICTpoe OTKpBITHE 3THX KAHAJIOB B OTBET Ha JIETIOJISPU3AIHIO 06b-
ACHSET, IOYeMy Bocxoasmas ¢asa NoTeHI|aNa AeiCTBUS IPOUCXOJUT TaK Obl-
CTPO. A KOPOTKOE BpeMsl, B T€YeHHE KOTOPOTO KaHaJIbl OCTAIOTCS OTKPBITHIMU,
npex/ie YeM MHAKTUBUPYIOTCA (OKOJIO 1 MC) OTYACTH OOBACHAET, IOYeMy JJIH-
TeJbHOCTb MOTEHLHAIA AeiiCTBUA Tak Maja. KpoMe Toro, mHakTUBaluei aTux
KaHWIOB MOXHO OOBSCHUTbH CYHIECTBOBaHME aGCOJIOTHOrO pedpaKTepHOro
IepUoAa: CIEeAYIOIHUIA NOTEeHIUa JeHCTBHS HEBO3MOXHO reHEPHPOBATh, IIOKa
3TU KaHAIbl HEAKTHUBHBI.

B reHome yesioBeKa CKPBITO HECKOJILKO Pa3IMYHbIX TEHOB HATPHEBBIX KaHa-
JI0B. Pa3muns B a3KCIpeccuy 3TUX FeHOB B pa3HbIX HEHPOHAX CJIyXkKaT OCHOBOM
[ TOHKHX, HO OY€Hb BaXXHBIX pa3/JIMuMii B CBOMCTBAX UX MOTEHIHAIA Aeii-
CTBUA.

HenaBHO 6GbLIO MMOKa3aHO, YTO OAMHOYHBIE AMUHOKHCJIOTHBIE MyTallMH BO
BHEIUIETOYHBIX Y4acTKaX OJHOIl U3 pa3HOBUJHOCTEI HATPUEBBIX KAaHAJIOB MO-
TYT BbI3bIBaTh YAaCTOE HacJieyeMoe 3a60IeBaHMe JieTell MIaJAIlero Bo3pacTa, us-
BECTHOE KaK 26Hepasu306anHai INUAENCUA ¢ GeOpussHbtmu npunadkamu. IMUIENTH-
YecKHe NPHUIaJKU BO3HUKAIOT B pe3y/bTaTe BHE3AMHOM, C BBICOKOI CTENEHbIO
CHHXPOHHOCTH, aKTUBHOCTH B Mo3are. CyJOporu nNpu 3TOM HapylleHUU BO3HU-
KalOT B OTBET Ha JIMXOPAJKYy (Pebpusvsiaiii MPOUCXOAUT OT JIATUHCKOTO CJIOBA,
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Puc. 4.10. OTKpbITUE M 3aKPbITUE HaTPUEBbIX KaHaNoB NpU aenonspu3ayum Memoépa-
Hbl. (@) 3annck, NOKasbIBaLLaA BENNYMHY 3NEKTPUHECKOro NoTeHuMana Ha y4actke Mem6-
paHbl. Mpy n3ameHeHnn memobpaHHOro noTeHumana ¢ —65 Ao —40 MB npoucxoauT 6bicTpoe
OTKpbITUE HaTpUeBbIX KaHanoB.. (6) 3anucu, nokasbiBaloLwme OTBET TPex pasHbIX KaHanos
Ha 3TO M3MeHeHWe nNoTeHumana. Kaxaas U3 3anvcein NokasbiBaeT NeKTPUHeCcKuin ToK, Npo-
TeKalowWwuin Yepe3 0AuHOYHbIN KaHan. (1) Mpu —65 MB kaHanbl 3aKpbITbl, TOK OTCYTCTBYET.
(2) Npw penonspusauum mem6paHsbl 40 —40 MB KaHanbl Ha KOPOTKOe BPeMs OTKPbIBAIOTCS,
1 BO3HWKAET BXOASALLMIA TOK, KOTOPOMY COOTBETCTBYET OTKITOHEHUE KPUBbIX BHU3. HecMoT-
PS HA HEKOTOPbIE Pa3NM4nA MeXAY 3TUMU KaHanamu, BCe OH1 OTKPbLIBAIOTCA C HEGOSbLUOWN
3a/1epXKOM 1N OCTalOTCA OTKPbITbIMU B TedeHne MeHee 4eM 1 Mc. O6paTuTe BHUMaHWe, HTO
nocne OTKPbITUS OHM 3aKPLIBAKOTCA U OCTAIOTCA 3aKPbITLIMU BCE BPEMS, Noka 3HadeHve V
COOTBETCTBYET COCTOSHUIO Aenonspu3aumu. (3) 3akpbiTye HATPUEBOrO KaHana noa BAuA-
HYEeM NOCTOAHHOW Aenonspu3aumu HasbiBaeTcs uHakTusaumewn. (4) ns Toro 4To6bl Npou-
30LUna peakTUBaumMs KaHanoe, MeM6paHHbI NOTEeHLMan AOKEH CHOBA BEPHYTLCA K 3HaYe-
HUO —65 MB. (B) CxemaTtuyeckoe M3obpaxeHne Toro, kak KOHOOpMaUUOHHbIE 3MEHEHUA
6eka HaTpUeBoro kaHana MoryT o6ycnoenmeaTh ero hyHKUMOHanbHble cBoicTaa. (1) 3a-
KPbITbIA KaHan (2) OTKpbIBaeTCA NPy Aenonspusauum memépanbl. (3) Mpy nHakTMBaUWM rno-
6ynspHas 4acTb 6enka NpuénxaeTca K 0CTanbHOM HacTu MOSIEKY bl U 3aKynopueaeT nopy.
(4) Npy peakTUBaUWM rnobynapHas 4acTb NEPEMELLAeTCA B UCXOAHOe MOMOXeHWe, a nopa
3aKpbiBaeTCA NOCPEACTBOM CMblKaHUA TpaHCMeM6paHHbIX JOMEHOB
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Ha nepegHeM kKpae Hayku

MeToaAMKa AOKaAbHOM dUKCALUU MeMOPaHHOrO
noteHuuana

Camo cyulecTBOBaHMe NOTEHUMAN-3aBUCUMbIX KaHanoB B MembpaHe HenpoHa
6bIN0 YNCTOM JOraaKkon A0 TEX MOP, NOKa He NOSBUNMCE METOAbI, NO3BONSAOLLME U3Y-
YaTb 6enkn oTAeNbHbIX KaHanoB. PeBONIOUMOHHBIA HOBbIA METOA NOKanbHON dmkca-
U MeMBpaHHOro NoTeHUMana, unu N3T4-kN3amn, 6ein paspadoTaH HEMEUKUMW yHeHbl-
mn beptom CakmaHHoM 1 OperHoM HeepoM B cepeaunHe 1970-x rr. 3a 3T0 OTKpbITWE
CakmMaHH 1 Heep 6binm ynoctoeHsl Hobenesckon npemun B 1991 r.

MeToa naTy-kNaMN NO3BONSAET PErucTpyMpoBaTb TOK MOHOB 4epe3 OAMHOYHbIE
kaHanbl (puc. A). MNepBblii 3Tan COCTOUT B TOM, 4TOObl akkypaTHO ONyCTUTL OTNONK-
POBaHHbI KOHYMK CTEKNAHHOrO PErucCTpUpYIOLLEro MMKPOJNEKTpoda AvaMeTpoM
1-5 MKM Ha MembpaHy HepoHa (a), nocne Yero Hapo co3faTb oTpuuarensHoe faene-
HWEe BHYTPW KOH4MKa anekTpoda (6). O6pasdyeTcs NPOYHbI KOHTaKT MeXAy CTEHKaMm
3NeKTpoaa v noanexatlen 4acTblo MeMbpaHbl. Takon “ruraOMHbI KOHTaKT” (HadbiBa-
€MbIih Tak 13-3a ero BbICOKOr0 3NeKTpU4eCKOro conpoTtmenexns — 6onsle 10° Om) He
OCTaBNseT MoHaM APYroro BbIXOAa, KPOME Kak Yepe3 KaHanbl B Noanexallem y4acTke
MembpaHbl. ECfiv nocne 3Toro 3NeKkTpoa OTTAHYTb OT KNETKM, 3TOT y4aCTOK MeMOpaHb!
OTpbIBAETCA (B), Y MOHHBIE TOKM CTAHOBUTCSA BO3MOXHbBIM M3MEPATL NPU NOCTOSIHHOM
HanpsXXeHun, NpuknaabIBaeMoM kK Membpate (r).

Mpy HEKOTOPOM BE3EHUN MOXXHO Pa3faenuTb TOKW, NPOXOAALLMNE Yepe3 OANHOYHbIE
kaHansl. Hanpumep, ecnu y4acTtok MeMbpaHb! (“naty”) HacuHMTbIBAET BCEro OavH Ha-
TPWEBBbI KaHan, TO U3MeHeHMe MeMbpaHHOro noteHumnana ¢ —65 o —40 MB npuseget
K OTKPbITWIO 3TOrO KaHana v BO3HWUKHOBEHMIO TOKa Yepe3 Hero (A). Mockonbky Hanps-
XeHue Ha MeMbpaHe NOCTOSHHO, aMNAUTyaa PErncTPMPYEMOro TOKa OTpaxaeT Npo-
BOOWMOCTb KaHana, a AnuTenbHOCTb TOKa FOBOPUT O BPEMEHW, B TEYEHME KOTOPOro
KaHan OTKpbIT.

Mpy nomoLLm 3TOro MeTofa YCTaHOBNEHO, YTO BOMbLUMHCTBO KaHanoB nepeknio-
HalTCA MexXay OBYMA MONOXEHWAMW MX NMPOBOAMMOCTW, KOTOPbIE MOXHO Ha3BaTb
“OTKPbITbIM" 1 “3aKkpbITbiM”. Bpems, B TE4EHNEe KOTOPOro OHW OCTatOTCA OTKPbITHIMM,
MOXET OTNNHaTLCH, OAHAKO BENMYMHA NPOBOAMMOCTM OAMHOYHOMO KaHana OavHakosa
N NOTOMY MOXET CHUTaTbCH HEAENUMOM. VIOHbI NPOXOAAT Yepes OAMHOYHBIN KaHan C
OrPOMHOW CKOPOCTLIO — 6ONee MUNINOHA B CEKYHAY.

o3Hayvaomero “xap”). OGbIYHO OHU BO3HHKAIOT TOJBKO B PAaHHEM AETCKOM
BO3pacTe, oT 3 MecsLeB A0 5 yeT. HecMOTps Ha TO 4TO NOKa OKOHYATEJIBHO HE
BBISICHEHO, KAKMM 0GPa30oM MOBbIIIEHHE TeMIIEPAaTypPbl MO3ra IPOBOLUPYET 3TH
IPUCTYIBI, OXHUM U3 CJI€ACTBUIf TAKUX MyTalUii ABISETCSA 3aMelJIeHe NHAKTH-
BallMM HATPHEBBIX KAHAJIOB U yBEJUYEHUE IPOJOLKUTENBHOCTH MOTEHIHAIA
JeiicTBus. [eHepaM3oBaHHas sNMIeNcUst ¢ GeGPHIBHBIMU MPUNAJKaMU IpeJ-
cTaBJiseT cO60i1 KaHAIONMATHIO, TeHETHYEeCKOe 3a60JIeBaHIE YeIOBEKA, BbI3BAH-
HO€ HapYIIEHUSMHU B CTPYKTYpe U (PyHKIIMM HOHHBIX KaHAJIOB.
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I'lmneTfa L KoHuumk HaTpveBbii kaHan  HaTpueBbiii kaHan
\ . nmneTku (3aKpbIT) (oTKpBIT)

(a)

|

[MraoMHbI+—|
KOHTaKT

()

Vm
-65mB Lo G sk i
1 ameHeHme HanpsixeHus Ha y4acTke MembpaHbl
Hapyxy
KaHan oTkpbIT KaHan 3aKpbIT
BHyTpb

(n)
Puc. A

Bo3pneicTBMe TOKCHHOB HAa HAaTPMEBbIN KaHan

B 1960-x rr. uccienoparenu u3 Yuusepcurera Jlloka OTKpPbLIU, YTO SiJ, Bbl-
Jl€JIeHHBI U3 AMYHUKOB TPOIMUYECKON pbIGKM urioopioxa (puc. 4.11), nsbu-
paTenbHO G10KMpyeT HaTpueBble kaHaIbl. Terpoaorokcun (TTX) 3akpoiBaer
CHApYXU NpOHULIaeMyIo 111 Na* mopy nyTeM NpOYHOTro CBA3bIBAHUSA CO CIIELU-
(pryeckum y4acTKOM B HapyXHOI1 yacTu kaHana. TTX 610kupyeT Bce HaTpHil-
3aBMCUMbI€ IOTEHLUATbI J€ICTBUSA U IO3TOMY OOBIYHO CMEPTEJIEH IIPU MTonaja-
HUU BHYTpb. TeM He MeHee UIIOOPIOX (OH e ¢yry) CUUTAETCS JeJTUKATECOM B
Anonun. fAnoHckue cymu-medsl, UMEIOIKE CHEIUaATbHYIO JULIEH3UIO, FoJaMU
06y4aloTC NPUTOTOBJIEHUIO UIIOOPIOXa, YTOGbI NPU MOEJAHUHM OH BbI3bIBAJ
BCETO JINIIb JIETKOE OHEMEHME BOKPYT pTa. Kakoe puckoBanHoe 611010!

TTX sBAseTCA OJHUM U3 NIPUPOAHBIX AJ0B, HAPYWAKMUX (YHKIMIO IIOTEH-
MAT-3aBUCUMbIX HaTPUEBBIX KaHaloB. Eme oaun a1, 6J0OKUpyOmMil paGoTy
KaHAIOB, — cakcumoxcut (aHIJI. saxitoxin), BbIpaGaThIBa€Mblil AMHOdIAreLIATa-
mu poza Gonyaulax. CAKCUTOKCHH HaKaIlJMBAETCA B TeJle JByCTBOPUYATBIX MOJI-
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JIIOCKOB, MU U JPYTMX OPraHM3MOB, KOTOPbI€ MUTAIOTCSA 3TUMH MOPCKUMHU
npocreiimumu. BpeMs ot BpemeHn AnHOMIare/IATH “UBETYT”, 06pa3ys TaK Ha-

3bIBaEMBbIi “KpacHbIil NpuIKB”. B 3T0 BpeMs ynoTpe6ieHue MOJIJIIOCKOB B ITUIIY
MOKET GbITb CMEPTEJbHBIM U3-32 BbICOKOIT KOHLIEHTpAIlMH TOKCHHA.

N\

Puc. 4.11. Urno6piox, nctounmnk TTX. (M306paxeHns npegoctasun
Dr. Toshio Narahashi, Duke University)

Kpome aTux A10B, 6JOKMPYIOIIMX HATPHEBbIE KaHaJbl, HEKOTOPbIE COEAU-
HEHHs HapyWaloT paGoOTy HEPBHOI CCTEMBI, BbI3bIBasi HEKOHTPOJUPYEMOE OT-
KpbITHE 3TUX KaHATOB. B 3Ty rpynny BxoauT 6ampaxomoxcun (aHr1. batrachotoxin),
BbIJIEJIIEMBIN U3 KOXM KOJyMOuUiickoii aarymku. Iloa BausHueM 6aTpaXxoOTOK-
CMHA KaHa/bl OTKPBbIBAIOTCA NMPU 60J1€€ OTPULIATENbHBIX 3HAYEHUAX MEMOPaH-
HOTO NOTEHLHANA U OCTAIOTCA OTKPBLITBIMH JI0JIblIe OGBIYHOTO, B pe3yJbTaTe
4ero NpOMCXOJUT CMENIMBaHUe UH(OPMAaIUH, TIepe/jaBaeMoii py MOMOIIH 10~
TEHIUAIOB AeHCTBUA. Sabl, BblAEIsIEMbIC JTUIMAMU (6epampudun) U TOTUKAMU
(axorumun), REMCTBYIOT aHAIOTUYHBIM OGPa30M. S bl CKOPITMOHOB M aKTUHHUIA
HApYIIAIOT MHAKTUBALIMIO HATPUEBBIX KaHAJIOB.

YTO € N0JIE3HOr0 MOXHO Y3HaTh C IOMOUIbIO 3TUX TOKCUHOB? Bo-nepBhIx,
pa3Hble TOKCHMHbI HApYIIAIOT (PYHKLUMU KaHAJIOB, CBA3BIBAACH C Pa3JIUYHBIMU
y4yacTKaMU UX 6eJIKOBOif MosieKynbl. CBeJleH!sl O XapaKTepe CBA3bIBAHMSA TOK-
CHHA U €ro NOCJIEACTBUAX NOMOTAIOT BbIAICHUTb IIPOCTPAHCTBEHHYIO CTPYKTYPY
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HaTPHUEBOTO KaHaIa. Bo-BTOPBIX, 3TH s1ibl MOXXHO MCIIOJIb30BATh JJIS1 U3YYEHUS
NoCJIeACTBUI1 6JIOKaAbl MOTEHLMAIOB AeiicTBUA. Hanpumep, Kak Mbl YBUAUM B
nocjaeayomux rasax, TTX 4acTo UCIOIb3yeTcsa B T€X 3KCIEPUMEHTaX, B KO-
TOPbIX TpedyeTcss GJIOKMPOBATb MMNYJbChl B HEPBE WM MbIIIIE. A TpeTHil U
Han6oJ1ee BXHbII BLIBOJ OTHOCUTENBHO 3THX 0B — XOPOLIEHbKO NIOAYyMaiiTe,
IIpeX /e YeM IOJOXUTh YTO-HUGY b cebe B poT!

MoTeHunan-saBUCUMbIE KaNneBble KaHalbl

B cBoux skcnepuMenTax XoMXKMH U XaKCIM yKa3ajJH, 4YTO HUCXOJALAsS
¢daza noTeHnMana 1EHCTBUA TONIBKO YACTUIHO OObACHAETCA MHAKTUBALIMEH g, .
Onu 06HApYXUIH, YTO IPOUCXOAUT TAKXKE IPEXOAsIIEe [IOBBIIEHHE g, , 61aro-
Japsi KOTOPOMY YCKOPSIETCSI BOCCTAHOBJIEHHE OTPUIIATEIbHOTO 3HAYEHUS MEM-
6paHHOrO NOTEHIMaIa nocje cnaiika. OHU NPEANOJIOKMINA CYLIECTBOBaHHE B
MeMOpaHe BOPOTHOI'O MEXaHU3Ma JUIsl KaJlus, KOTOPbIii, TIOJOGHO HaTPHUEBOMY
BOPOTHOMY MEXAaHHU3MY, OTKPbIBAE€TCSA B OTBET Ha AENOJSAPU3ALUIO0 MEMOPAHBI.
OjHako, B OT/IMYME OT HATPUEBOTO, KAIMEBBIl BOPOTHBII MEXaHU3M OTKpbIBa-
€TCs IIpH JEeNoJIApU3aLiNM He CPa3y; IpexJAe YeM OH OTKPOETCS, IPOXOJUT OKO-
10 1 mMc. M3-3a 3TOi1 3amepXKH U U3-3a TOTO, UTO 3Ta KaJueBas NPOBOAMMOCTD
CJIY>KUT JAJIS1 BBIIPSIMJIEHUS], MJIM BOCCTAHOBJIEHUSI, MEMOPaHHOTO NOTeHI1aJIa,
OHM Ha3BaJIM 3TY IPOBOANMOCTD OMAOHCEHHBIM EbINPAMUMENEM.

B HacTrosimee Bpemsi U3BECTHO, YTO CYILECTBYET GOJIbIIOE KOJIUYECTBO pas-
JIMYHBIX MOTEHIMAI-3aBUCHMMBIX KaTHEBBbIX KaHAIOB. BOJBIIMHCTBO U3 HUX
OTKpBIBAIOTCA MPU JENONIApHU3allUd MEMOPaHbI AJ1s1 TOTrO, YTOGbl OTPAaHUYUTD
JalbHEHIYIO AEMoJsspU3aluio, obecrneunBas BbIxoA K U3 xieTku yepes mem-
6paHy. V3BecTHble NMOTEHIMAI-3aBUCUMbIE KajllieBble KaHasbl 06JaJaloT CXO-
XKel CTPYKTypoil. BeJKu 3TUX KaHATIOB COCTOAT U3 YEThIPEX OTAENbHbBIX MOJIH-
NEeNTUAHBIX CyObeANHUL, KOTOPbIE, COEAUHAACH APYT C APYrOM, 06pa3yIoT Mopy.
Tak xe, Kak ¥ B HATPUEBOM KaHal€, 3TH G€JIKU 4yBCTBUTEIbHbBI K UBMEHEHUAM
3JIEKTPUYECKOro oJi Ha MeMGpaHe. [1pu genonspusaunn meM6paHbl CyobeAU-
HHULbI 3TUX KaHAJIOB U3MEHSIOT CBOIO (popMy TakuM o6pa3oM, uTto K* nosyyaer
BO3MOXXHOCTb IIPOXOJUTD Yepe3 OOPa30BaHHYIO UMH IIODY.

CoeguHum BCce BMecTe

Tenepb Ha OCHOBaHUH MOJIyYEHHBIX CBEJAEHUI1 06 MOHAX U KaHaJaX Mbl MO-
XeM [IepeYUCIUTh OCHOBHbIE CBOMCTBA NOTeHIMala JeiicTBud (puc. 4.12).

a  Jlopoe. Ilopor npeacTaBaseT co60i 3HaU€HHE MEMOPAHHOTO MOTEHLHA-
Jla, TP KOTOPOM OTKPbIBAIOTCH MOTEHINA-3aBUCUMbIE HATPUEBbIE Ka-
HaIbl B KOJIMUECTBE, oGecreunBalomeM npeobiajaniue HaTpUEBOil Ipo-
HU1IA€MOCTH MEMOPaHbI HaJl KAIMEBO.
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8 Bocxodawaa gasa. OTpUIaTeIbHOE 3HAYEHHE 3IEKTPUYECKOTO MOTEHIU-
ala Ha BHYTPEHHEH CTOpOHE MeMGpaHbl CO3JAET GOJILIIYIO JBUXYILYIO
cuy 1t noHos Na™. [ToaTomy Na* ycTpeMJIsieTCs B KJIETKY IO OTKPBIThIM
HaTpUEBBIM KaHaIaM, BbI3bIBasA GbICTPYIO JEMOIAPU3AIUIO MEMOPaHbL.

8 Ogepuym. IIOCKOJIbKY B 3TO BpeMs OTHOCUTE/IbHAsl IPOHULIAEMOCTh MEMO-
panbl 1 Na* npeo6JyafaeT, MEMOPaHHbIH MOTEHIMaT JOCTUTAeT 3Have-
Hu4, 61m3koro k E, T.e. Bbllle, uem 0 MB.

8 Hucxodswas ¢asa. Hucxopsmas ¢asa sBISETCS pe3yJbTaTOM pPaGoOTbI
JBYX BUJIOB KaHajlOB. Bo-nepBbIX, MPOUCXOAUT MHAKTUBALUSA MOTEHIU-
aJI-3aBUCUMbIX HATPUEBBIX KaHalIOB. BO-BTOPBIX, HAKOHEL, OTKPbIBAIOTCS
NOTEHIUAT-3aBUCHMbIE KaJHEBblE€ KaHaJbI (3TOT NMPOLECC GbUT 3aMyIeH
1 mc panee aenonspusanueit memopansl). Ilpu 3HaunTeNbHOI Aenons-
pU3alu MeMOGPaHbl BOZHUKAET GoJblIas ABMXKYIAs cuia s noHos K.
IToaTomy K* 10 OTKPBITBIM KaHa/laM yCTPEMJISETCA U3 KJIETKH, G1arogaps
yeMy MeMOPaHHBII NIOTEHLMAT CHOBA CTAHOBUTCS OTPULIATEIbHbBIM.

s Cuedosan zunepnosapusayus (andepuym). OTKpbITHE NOTEHLMAT-3aBUCH-
MBIX KQJIMEBbIX KAHAJIOB CKa3bIBAETCS HA KATMEBOI IPOHULIAEMOCTU MEMO-
paHbl B n1okoe. ITocko/IbKy NpOHUIIaeMOCTb JJIsl HATPUsl OYeHb HU3Kasd,
MeMOPaHHBI IOTEHUAJ CTPEMUTCA K E,, 06yC/10B11MBas rUNepHOspy-
3anMI0 MeMOpaHbl OTHOCUTEILHO 3HAYEHHUS MOTEHIHAA IIOKOS; 3TO CO-
CTOsIHUE NIPOJOJDKAETCA A0 TeX 0P, N0Ka NOTEHIMaI-3aBUCHMbIE KaJIe-
Bbl€ KaHaJIbl OCTAIOTCS OTKPHITBIMH.

8 Jlepuoo abcomommnoti pegppaxmeprocmu. Ilpyu 3HAUUTENBHOMN JENONIAPU3a-
MM MeMOpaHbl HaTpUEBble KaHAIbl MHAKTUBUPYIOTCA. Mx moBTopHas
aKTUBAIsA, a 3HAYUT, U IIOBTOPHBIII MOTEHNNAT AeHCTBUSA, HEBO3MOXHA
JI0 TeX IMOp, NOKa 3HaYeHNe MEMOPAHHOTO NMOTEHLMAIA HE CTAHET JOCTa-
TOYHO OTPHUILATENbHBIM, YTOGBI MOIVIa TPOU30MTH UX PEaKTHUBALIU.

®  Jlepuod ommocumensnoti pedpaxmeprocmu. MembpaHa ocTaeTcss B COCTOS-
HUH TUIIEPIOJIAPU3ALMH, [TI0KA HE 3aKPOIOTCA NOTEHIIMAI-3aBUCUMbIE Ka-
JueBble KaHaibl. [IoaToMy AJ1st TOro, YTOGHI AENOJISIPU30BATh MEMOPaHY
JI0 MOPOTrOBOTO 3HAYEHMS, TPEOYETCS OGOJIbIINIA 10 BETUYUHE AETONISAPH-
3YIOIMI TOK.

Mb! yBUAEIH, YTO CBOMCTBA NOTEHLINAJIA ACHCTBUS OOBSACHSIOTCS CBOMCTBA-
MU KaHIOB U JIBUXK€HHEM HOHOB Yepe3 HUX. OHaKO BaXHO IOMHUTb, YTO BCE
3TU IIPOLIECCHI TPOUCXOAT Ha pOHE HE3PUMOIT pAGOThI HATPU-KAIMEBOTO Ha-
coca. ITpeacrasbre, uTo BxoA Na* BO BpeMs MOTE€HLMaIA AEHCTBUSA — 3TO BOJI-
Ha, 3aJMBaloIas HOC Kopa6.is Bo BpeMs Gypu. Ilono6HO HenpepbIBHOI paGoTe
IIOMIIbI B TPIOME, HATPUN-KATHUEBbIH HACOC pabOTAET, HE OCTAHABIUBAACDH, IO~
Jep>K1Basti TpafleHTbl KOHIIEHTPalK, KoTopble ABIXKYT Na* n K' no xanatam
BO BpEMs NOTEHLMANA AEHCTBUA.
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Tokm yepes
notexuupan-
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KaHasbl
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BCE KaHalbl
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(n)
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4 Boxopsii vok
|
i Bxonaumi Tox

Puc. 4.12. MonekynsipHas OCHOBa noTeHuuana geucreus. (a) iameHeHne MeMbpaHHOro
noTeHuMana BO BPeMeHN Ha NPOTSXKEeHUM noTeHuuana AevcTeus. Bocxopswan dasa no-
TeHuMana AelcTBUA Bbi3biBAaeTCA NocTynneHwem Na* yepes COTHY NoTeHuMan-3aBUCUMbIX
HaTpueBbIX kaHanoB. Hucxopswan asa Bbi3BaHa MHAKTVMBALWE HATPUEBLIX KaHanos w
BbIXOAOM K* Yepes noTeHuman-3aBUC1MbIe Kanuesble KaHansl. (6) BxoasaLuin Tok 4epes Tpu
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OTAenbHbIX HATPUEBBIX KaHana. Kaxabii kaHan OTKpbIBAeTCA C Manoin 3afepXKon nocne
Aenonspysauum Mem6paHbl 40 NOPOroBoro 3HaveHus. KaHanbl 0CTaloTCs OTKPbITbIMU He 60-
nee 1 Mc, nocne 4ero nHakTueupytoTca. (B) CymmapHbii Tok Na* yepes Bce HaTpueBble Ka-
Hanebl. (r) Beixogsawwuim Tok Yepes Tpu OTAENbHbIX Kanvesblx kaHana. MNoTeHuywnan-sasucumble
KanueBble KaHaNbl OTKPLIBAOTCA NPUMEPHO Yepe3 1 Mc nocne genonspusauvm MeMmopaHsbl
[0 NOPOroBOro 3HAYEHWSI U OCTATCA OTKPbITBIMU HA NPOTSXXEHWUU BCEN aenonspusaumm
mMem6paHbl. Beicokasn npoHnuaeMocTb MeMOpaHbl ANA Kanus NPUBOAUT K ee KpaTKOBPEMEH-
HOW runepnonapusauun. Korga noTeHuvan-3aBUCUMbIE KanveBble KaHanbl 3aKpbiBalOTCS,
MeM6paHHbI NOTEHUMan BO3BPaLLAEeTCA K 3HA4YEHUIO NoTeHumana nokos, okono —65 mB.
(m) CymmapHbIi TOk K* yepes Bce kanveBble KaHasbl. (€) O6Luii CyMMapHbIii TpaHCMeM6-
paHHbIV TOK BO BPEMA NoTeHuMana aencTema (HanoxeHue dparmeHTos (B) v (A))

MNPOBEOEHVE NOTEHLMANA OENCTBUSA

Jna nepegaun nH¢GOPMaLMK U3 OJHOI TOYKH HEPBHOM CUCTEMBI B JAPYTYIO
HEOOXOJUMO, YTOObI IIOTEHIUA JefICTBUSA, BO3SHUKHYB, IlepeJjaBaiCs 1O aKco-
HYy. DTOT NpOIlecC NMOX0X Ha ropenue ¢utuias. IIpejacrabsre, 4TO BbI JEPHKU-
Te B pyKax IeTap]y U NOJHEC/H K KOHIly €€ IIHypa FOpsAILyIOo cCuyKy. PuTuis,
JOCTaTOYHO Pa3orpeBUIMChH (T.e. JOCTUIHYB HEKOTOPOro IOpOra), HauMHaeT
ropeTb. Jopamuit KoHel (pUTUIIA Jalee HarpeBaeT yYaCcTOK, HEMMOCPEACTBEHHO
npueralomuit k Hemy. Takum o6pa3oM mIaMs pacpoCTpPaHAETCS IO IIHYPY.
3ameTuM, YTO (UTUIIb, 3AXKEHHBIH C OHOTO KOHIIA, TOPUT TOJbKO B OJHOM
HaInpaBJIEHUMY, IJIaMsl HE MOXET BEPHYTbCA Ha3a/l, IOCKOJIbKY CIIOCOGHOCTD yXe
IPOI1IEHHBIX Y4aCTKOB BOCILIAMEHSAThCSA yTPad€eHa.

PacnipocTpanenue moTeHnyata AeHCTBUA BJOJb aKCOHA NPOMCXOJMUT TaK
xe. [Ipu nocTaTouHOI (IOPOroBoit) AENOJAPU3ALMY YUYaCTKa MEMOPaHBI ITPO-
HCXOAUT OTKPbITHE HAaTPUEBbIX KaHAIOB M BO3HMKAET MOTEHLUAT AEHCTBUA.
Bxoasauuii TOk NOJOXHUTENbHBIX 3aPAA0B B aKCOH J€T0JIAPU3YET NpUJIeKaIUil
y4acTOK MeMGPaHbl, U, KaK TOJIbKO GYAET JOCTUTHYTO IIOPOrOBOE 3HaUEHUE, B
HEM TaKXe NPOU30HAET OTKPhITHE HaTpUEBbIX KaHaloB (puc. 4.13). Tak npo-
UCXOAUT paclpoCTPaHEHUe MOTEHIMaIa AECTBUSA 110 aKCOHY, IIOKa OH He J0-
CTUTHET TEPMUHAIU AKCOHA, TIe HAUMHAETCA CUHANTUYEeCKas nepejaya (pac-
cMaTpuBaemas B I1aBe 5).

IToTeHuMan geicTBUsA, HAYABIIMCh HA OJHOM KOHIIE aKCOHA, PacIpoCTpa-
HAETCS TOJbKO B OJHOM HaIpaBJIEHUM, HE BO3BpalllasCh OOPaTHO. ATO MPOUC-
XOJUT IMOTOMY, YTO MeMOPaHa, KOTOPas HAXOJUTCA Cpa3y 3a HUM, CTAHOBUTCS
pedpakTepHOii BCIEACTBUE MHAKTUBAIMM HaTPUEBBLIX KaHaI0B. OGbIYHO IO-
TEHLUaJ JEeICTBUS PacPOCTPAHAETCS B HAIIPaBJIEHUH OT TeJla HEPOHa K Tep-
MMHAISM aKCOHA; 3TO Ha3bIBAETCH opmodpomubim NpoBeAeHueM. OfHAKO, KaK U
B 6UK(OPAOBOM IIHYPE, NOTEHIUaA AEHCTBUS MOXHO BbI3BAaTh JAENOJIAPU3ALIU-
€if moGoro KOHI]a aKCOHA, U NIO3TOMY OH MOXET pacIpOCTPaHATbCA B JIIOOOM
HanpasjJeHUH. PacnpocTpanenue B 06paTHOM HalpaBJIE€HUU, KOTOPOE MOXHO
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BbI3bIBATh B 3KCIIEPUMEHTE, HA3LIBAECTCSA GHMUOPOMHIM TIPOBEJEHUEM. 3ame-
THM, YTO, IOCKOJIbKY MEMOPaHa aKCOHa SBJAETCS BO3GYAUMOIi (T.€. CTOCOGHOIM
reHepUpOoBaTh NMOTEHIHAI JeHCTBUA) HA BCEM NPOTSDKEHUM, MUMITYJIbC GyaeT
PacnpoCTpaHATLCA 6€3€KPEMEHTHO (T.€. 6€3 3aTyxaHus). Tak ke BeJeT ce6a u
¢uTIIB, KOTOPBIIT HA BCEM CBOEM IIPOTSXEHUH 00J1afaeT CBOMCTBOM BOCILIaMe-
HATbCA. OfHAKO, B OTIMYME OT HETO, AKCOH CNIOCOGEH BOCCTAHABIMBATbL CBOIO
CIIOCOGHOCTD K “BOCIIJITAMEHEHUIO”.

Yepes 2 Mc

(

Yepes 3 MC

Puc. 4.13. Nposegexne noteHumana aencTaus. MNocTynnexHne nono-
XUTENbHbIX 3apRA0B BO BpemMs NoTeHUMana AelcTens Bbl3blBaeT 4eno-
NApU3aumio NpunerapLero y4actka Ao NoporoBoro 3Ha4eHus
CKopoCTh NpOBeAECHUs NOTEHIUaIa JeiiICTBUA MOXET ObITh pa3HOii, HO
06bIYHO cunTaeTcsl paBHOI 10 M/c. BcmoMHUM, YTO AJIMTEIbHOCTb NOTEHLU-
aja AeiCTBUSA B 11€JIOM COCTaBJsAeT 0KoJo 2 Mc. Mcxoaa u3 3Toro, MoxHoO pac-
CYUTATh AJTUHY MEMOPAHBI, OXBAYE€HHYIO IOTEHLIMAIOM AEHCTBUSA B KAX/IbIA MO-
MEHT BpEMEHU:

10m/c 2 10%c=2 102m.

ITosToMy moOTeHHMaI AEHCTBUA, PACIPOCTPAHAIOIIMIICA CO CKOPOCTBHIO
10 M/ c, 3aHMMaeT 2 CM JJIMHBI aKCOHA.

®dakTopbl, BausilOLMEe Ha CKOPOCTb NPOBeAeHuUs

MbI NOMHUM, 4TO BXOAAmMMI TOK Na* BO BpeMs NOTEHIMaIa A€HCTBUS Jeno-
Jpu3yeT MeM6paHy nepes coboit. Koraa Ha 3ToM yyacTke MeMGpaHbl GyA€T A0-
CTUTHYT NOPOT, MOTEHLUAI-3aBUCUMbI€ HaTpPHEBbIE€ KAHAIbI OTKPOIOTCS, U IO-
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TeHIuaJ JeiicTBUA “no6exUT” no meM6paHe. CKOpoCTb, C KOTOPOI MOTEHIUAT
AECTBUSA PaCIPOCTPAHAETCA IO AKCOHY, 3aBUCUT OT TOrO, HACKOJIbKO JaleKO
OT Yy4acTKa, B KOTOPOM Y€ IPOUCXOAUT NOTEHIMA JeHCTBUSA, OTCTOUT CIIENy-
IOIUIT yYaCTOK JeNOoJIApU3alud MeMGpaHbl, YTO, B CBOIO OYepeb, 3aBUCUT OT
oInpe/ieIEeHHbIX (PU3UIECKUX XapaKTEPUCTUK aKCOHa.

JlaBaiiTe cpaBHUM BXOJSAIIMIT TOK IOJIOXKUTEIbHbIX 3aPAJ0B B aKCOHE, KOTO-
Pblif MPOUCXOAUT BO BpeMs NOTEHIMAMA AEHCTBUSA, C ABUXEHUEM BOJDI 11O Jbl-
PABOMY CaZlOBOMY LJIAHTY. Y BOJbI €CTb JBa NyTH. OJJUH — T€Yb BHYTPH LLJIAHTa,
a Apyroii — BbITEKAThb HapyXy yepe3 AedeKThl B CTEHKe ILIaHra. KoiuuecTso
BOJIbI, KOTOPOE NONAET IO TOMY WJIM HHOMY IyTH, GyJ€T 3aBUCETb OT BCTpeyYa-
€MOro €l0 Ha TOM WJM MHOM IyTU CONpOTHUBJIeHMsA. Pasymeercs, Gonbiuas ee
YacTh HANpaBUTCS TYAQ, TA€ CONPOTUBJIEHNE MeHblIe. Ecyii nutaHr y3kui, a Ko-
JIMYECTBO U pa3Mep JedEKTOB BEJMKHU, TO 60bIIAs YaCTh BOJbI 6yJ€T BLITEKATD
yepe3 JAblIphbl B ITaHre. EcaM mIaHr mMUpPOKUi, a AbIpbl HEMHOTOYMCJIEHHBI U
HEBEJIUKH, GoblIast YacTh BOJABI NOTEUET Mo IuIaHry. ToT xe npuHIMI AeiicTBy-
€T IPU IPOXO0XKAEHNH MOJI0XUTETbHOTO BXO/AIETO TOKA BllepeJU NOTEHIHa A
NEeNCTBUSA.

Y NONOXUTENbHBIX 3apsAJ0B BHYTPU aKCOHA UMEETCA JBa MyTH: BJOJb aK-
COHa WJIM HapyXy 4epe3 aKCOHalIbHYI0O MeMOpaHy. Ecim akcon yskuit, a B ero
MeMOpaHe OTKPbITO MHOTO NOP, Go/blias 9acTh 3apsAja 6yieT NIPOTEKATDb Yepe3
mMeM6paHy. Ecii akcoH mMpoKMii U B €ero MeMOpaHe MaJio OTKPBITBIX NOP, 60b-
mas 4acThb 3apsja GyJeT NpoTeKaTh BAOJb aKCOHa BHYTpHU Hero. Yem Goee oT-
JAJIEHHbIX yYaCTKOB JOCTUTAET 3TOT 3apsAJ, JBUTasCh 110 aKCOHY, TEM JajblIe OT
NOTEHIUaIa JefICTBUS OTCTOUT (PPOHT JENONAPU3ALUH, U TeM ObICTpee GyaeT
pacnpocTpaHATLCA NOTeHUUan jAeiicTBus. [ToaToMy, kak MmpaBUIO, CKOPOCTb
NpPOBEJEHUS NMOTEHLMAA AEHCTBUA BO3PACTAET C YBEIUYEHUEM AMAMETPa aAK-
COHa.

CrencTsueM Takoif 3aBUCUMOCTH CKOPOCTHU IPOBECHUS OT AUaMeTpa aKco-
Ha fABJIAETCA TO, YTO HEPBHbIE NYTH, UMEIONIME XU3HEHHO BAXXHOE 3HAYEHUE,
COCTOAT U3 AaKCOHOB OY€Hb 6OJIBIIOro AuameTpa. IIpumepom siBIseTCA ruraHT-
CKMif aKCOH KaJbMapa, KOTOPbIif BXOJUT B COCTaB NMyTH, ONOCPENAYIOLIETO 3a-
IUTHBINA pedJIeKC y 3TOro XUBOTHOTO B OTBET HA CHJIbHYIO CEHCOPHYIO CTUMY-
aauu0. [uranTckuil akCOH KajbMapa JOCTUraeT 1 MM B AuaMeTpe, U BHaudaje
€ro NMPUHUMAIU 3a 3JIEMEHT KPOBEHOCHO}1 CUCTEMbI 3TOro MoJumocka. Heiipo-
Hayka o6s3aHa 6putaHckomy 3ooJory JIx. IOury, kotopslit B 1939 r. npusek
BHUMaHME K TUTAHTCKOMY aKCOHY KajJbMapa B KaueCTBe IpenapaTa As dKCIe-
PHUMEHTAIbHOTO U3y4eHUs 6MO(PU3NKN MeMOPaHbI HeifpoHa. XOKKUH U XaKc-
JIM MCIIOJIb30BAIU €T0 [ BbISICHEHU S HOHHOI OCHOBbI NOTEHIIMAIA AEHCTBUS;
B Hallle BPEMs €ro MPOAOJIKAIOT UCII0JIb30BaTh B CAMbIX Pa3HbIX HEpo6HOIIO-
TUYECKUX MCCIIEJOBAHUAX.



174  HeWpoHayku. ViccnepnoBaHve moara

HHTepecHO OTMETUTD, YTO pa3Mep aKCOHA U KOJIMYECTBO MOTEHIUAI-3aBU-
CUMBIX KaHaJIOB B MEMOpaHe TaKXe BJIUSIOT Ha BO3GYAMMOCTb MEMOPaHbI. AKCO-
HaM MEHbIIETO AUaMeTpa AJis JOCTHXEHUs Nnopora TpebyeTcs 60JiblIe TOKa, U
OHU GoJIee YyBCTBUTEJIbHBI K 6JI0KaJie MECTHBIMU aHECTETHKAMH (Bpe3ka 4.4).

MuenuH u cansTaTopHoe NposBeaeHue

Xopol10, 4TO TOJCTbIE AKCOHbI CIIOCOGHBI IPOBOAUTD NMOTEHIHAI A€HCTBUS
ObICTPO; IJIOXO, YTO OHY 3aHUMAIOT MHOTO MecTa. Ecyiu 6b1 BCce aKCOHBI B HallleM
MO3r'y MMeJIM AMaMeTp FMraHTCKOTO aKCOHa KajlbMapa, TO r0JIOBa Y Hac 6bLia Gbl
TaKOro pa3Mepa, 4TO He [M03BOJIsJIa Gbl CBOGOJHO NPOXOAUTSD B AiBepb. K cyacThio,
y NMO3BOHOYHBIX JXMBOTHBIX B IPOIECCE 3BOJIOLMM BbIpaGOTasCsA APYroil mMexa-
HHU3M, MO3BOJISIONINIT MOBBICUTb CKOPOCTh ITPOBEAEHNS MOTEHIMaNa AeCTBUS:
HX aKCOHbI OKPYXXEHbI 3JIEKTPOU3OJIUPYIOIEH MUeIurosoti 060I0UKO0i (CM. IJa-
By 2). MueIMHOBbIE (PYyTIAPbI COCTOAT U3 GOIBLLIOTO YKCJIA CI0EB MEMOpaHbI, 06-
pa3yeMbIX [OEePXKUBAIOIIMMH INIMIbHBIMU KJIE€TKAaMH — IIBAHHOBCKUMHU KJIETKa-
MU B nepudepHUUIeCcKoii HEpBHOI cUcTeMe (3a NpeJieslaMU F'OJIOBHOTO ¥ CIIMHHOTO
MO3ra) ¥ OJIMIOJIEH/IPOTJIMeii B IIEeHTPaIbHOI HEpBHOI1 cucTeMe. [Togo6HO ToMy
KaK repMeTH3alus JbIpSBOTO €aJJOBOTO IIJIAHTa C MOMOIIBIO CHIEIUaILHOI KiIeit-
KOIf JIEHTBI OGJIeryaeT Mnojayuy BOJbl 10 IUIAHTY Ha 3aJaHHOE PacCTOSAHUE, MUe-
JIMH O6JIerdyaeT pacpoCcTpaHeHHe 3JIeKTPUYeCTBa BHY TPH AKCOHA, IOBBIIIAs TEM
caMbIM CKOPOCTb ITPOBEIEHUS TIOTEHIUaATa JeiicTBUsA (Bpe3ka 4.5).

MuenuHOBBI1 QTSP He SBJIAETCA HEMPEPBIBHOI 060J0YKOIA, MOKPBIBAIO-
el aKCOH IO BCeH JUIMHeE. B 3Tol M30MA1MHM UMEIOTCS IPOMEXYTKH, B KOTO-
PBIX HOHBI IPOXOJAT Yepe3 MeMGpaHy M FeHePHPYIOT MOTE€HLUHaIbl JeHCTBHUS.
B rmaBse 2 MbI rOBOpMIIH, UTO 3TU IPOMEXYTKH MEXy MUEJIUHOBBIMU ¢yTIspa-
MU Ha3blBalOTCs nepexaTamMu Pansbe (puc. 4.14). B memMGpane aTux nepexaa-
TOB COCPEeJOTOY€HbI NOTEHIUAT-3aBICHMbI€ HaTpHUeBble KaHIbl. OGBIYHO pac-
CTOsSIHME MeX Ay nepexsaTamMu coctasiseT (0,2-2,0 MM, YTO 3aBUCUT OT pa3Mepa
aKkcoHa (B 60JIee TOJICTbIX aKCOHAX 3TO PACCTOsSIHUE GOJIbIIE).

IIpencraBuM, 4TO MOTEHUHUAT AEHCTBUSA ABHXKETCS I10 AKCOHY TaK )K€, KaK MbI
XOJUM IO TPOTYyapy. J[BIkeHHe MOTeHIHAIa AeCTBUS IO aKCOHY, He UMeIolIe-
My MUEJIMHA, GYAET B 3TOM CJIy4Yae MOXOAUTD Ha IepeABMKEHNE MEJKUMH LIX-
KaMH, IIPY KOTOPOM IATKAa OAHONH HOTM CTAaHOBUTCS Ha TPOTyap cCpa3y nepef
HOCKOM BTOpoOii. [IpoBeseHne ¢ nOMOLIbIO MUEJINHA, HA060POT, GYAET IMOX0XKe
Ha IepeaBHXeHHe GOJbIIMMM cKaykaMH. JlefiCTBUTEIbHO, B MHEJIMHU3UPO-
BaHHBIX aKCOHAX NOTEHLHaI JeHCTBUS NepenpbpiruBaeT OT OJHOro IepexsaTa
K Apyromy (puc. 4.15). 3To BuUA pacnpocTpaHEeHUs NMOTEHLHAJIA [AeiiCTBUS Ha-
3bIBAETCS CAIbTATOPHBIM IPOBeAeHHEM (OT JJATUHCKOTO CJIOBA, 03HAYAIOIIEr0
“repenpuIruBaTh”).
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3710 uHTEepecHo

MecTHas aHecTe3un

Bbl gonro gep>kanuce, Ho 6onblie He MoxeTe. 3ybHas 6onb 3actaBuna Bac, Ha-
KOHeL, NpuinTK K ctomatonory. K c4acTbio, CaMoe HENPUATHOE, YTO BaC XAEeT BO Bpe-
Ms NNOMBMPOBaHWS 3y6a, — YKON B AECHY, KOTOPLIN BbINONHAETCH TOHEHLKOW UMNOM.
3aTeM BO3HWMKAET YyBCTBO OHEMEHWS BO PTY — W y BaC NOSBARETCA BO3MOXHOCTb
HEMHOro NoMeYTaTh, NoKa Bpay o6pabarbiBaeT Kapuo3HyKo NONOCTb 1 KNageT Nnomoy.
Y70 e BaM yKOMonu 1 kak ato paboTtaer?

MeCTHble aHECTETUKN NPEACTaBNAIOT COOON NEKAPCTBEHHbIE BELLECTBA, KOTOPbIE
Ha HeKOTopoe Bpemsa BGNOKMPYIOT NoTeHUMansl AEMCTBUA B akCoHax. AHECTETUKM Ha-
3bIBAIOTCA MECTHBLIMW, MOTOMY HTO BBOAATCSA HENOCPEACTBEHHO B TKaHb, B KOTOPOW
TpebyeTca 4OBUTLCA aHECTE3UN — YCTPAHEHNS YyBCTBUTENBHOCTU. ManeHbkmne akco-
Hbl, MO KOTOPbIM NPOBOANTCA BOMBLLIOE KONNHECTBO NOTEHUMAN0B AENCTBUA, ABNAIOT-
€A Hanbonee 4yBCTBUTENbHbIMW K 6NOKaae MECTHbIMW aHECTETUKAMW.

MepBbIM MECTHBIM @HECTETUKOM, BBEAEHHbIM B MEAMUMHCKYIO NPaKTUKy, Obin KO-
KauH. 310 BelecTso B 1860 r. 6bIN0 BbIAENEHO U3 NNCTLEB PACTEHUA KOKM HEMELIKUM
BpayYoM AnbbepTtoM HumaHHOM. MNMogobHO BCeM dhapMakonoram Toro BpemMexn, Hu-
MaHH nonpo6oBan HOBOE BELLECTBO Ha BKYC M 06HapyXwmi, 4TO OHO BbI3BanoO OHEMe-
HWe A3blka. BCkope CTano n3BeCcTHO, YTO KOKauH OKa3biBaeT TOKCUYECKOE AENCTBME U
BbI3bIBAET 3aBUCUMMOCTL. (BNnsHMe KOKanHa Ha CO3HaHwe naydan apyro N3BECTHbIN
BpaY Ton anoxn — 3urMyHa dOpena. Kak n3secTHO, KOKavH Bbl3blBAET N3MEHEHWE Ha-
CTPOEHWS, HO ANs 3TOrO MCNONL3YEeTCA COBCEM APYroin MEXaHU3M, a He TOT, KOTOPbIN
06yCcnoBnMBaeT ero MECTHOE aHECTETUHECKOE fienCTBIME. )

MonCKM NPMEMNEMOrO CUHTETUYECKOrO aHECTETMKA, KOTOPbIN Obl 3aMEHUN KOKauH,
NPVBENN K CO3AAHMIO NMAOKanMHa — CamMoro pacnpoCTPaHEHHOro CerogHs cpeacTea
MECTHOI aHecTe3nn. [TngokanH MoXXHO 006aBUTL B reflb U HAaHECTU Ha CM3NUCTYIO 060-
NoYKy pTa (Mnn nbyio Apyryto), 4ToObl BbI3BATb OHEMEHNE HEPBHbLIX OKOHYaHWA (3TO
Ha3blBAETCH ann/mKayMoOHHON aHeCTE3NEN); er0 MOXXHO YKONOTb HENOCPEACTBEHHO B
TKaHb (MHGMIbTPAUMOHHAs aHECTE3WA) NN BOKPYT Hepsa (6/10kada HepBa); ero Aaxe
MO>KHO BBOAMTH B CMMHHOMO3IOBYIO XWMAKOCTb, OMbIBAIOLLIYIO CAINHHOM MO (CrmHa lb-
Hasi aHeCTe3us), U B 3TOM Cny4vae OH Bbi3blBaeT 06e360nmBaHme Ha 60NbLUMX yHacTKax
Tena.

NuaookanH 1 ppyrve MecTHble aHeCTEeTUKM NPEAO0TBPALLAaloT passuTnue NoTeHuma-
na pencTevs NyTeM CBA3bIBAHUA C MOTEHUMAnN-3aBUCUMbIMM HATPUEBLIMM KaHanamu.
YCTaHOBNEH y4aCTOK CBA3bIBAHWA NMAOKaMHA C UX MONEKynomn. 310 CerMeHT S6 anb-
da-ueno4kn aomeHa IV kaHanbHoro 6enka (puc. A). AHECTETUK HE MOXET Nnoaobparb-
CA K 3TOMy CerMeHTy CHapyxu. CHavana oH OOMKEeH NPOHWKHYTbL Yepe3 MembpaHy
aKCoOHa, a 3aTeM 4Yepe3 OTKPbITbie BOPOTA KaHana HanTu y4aCTOK NOpbl, C KOTOPbIM
MOXET CBA3aTbCA. ITUM OObACHAETCA, NOYEMY NPOBEAEHME B TEX HEPBHbLIX BONOKHAX,
KOTOpble NPebbIiBalOT B aKTUBHOM COCTOAHMK, BNOKMPYeETCA BbICTPEe: B HUX NOTEHUM-
an-3aBUCKMbIE HAaTPWEBbIE KaHanbl OTKPbIBAOTCSA Yalle. CBA3aHHbIN Takum 06pa3oM ¢
Yy4aCTKOM Ha BHYTPEHHEI NOBEPXHOCTN NOPbI NMAOKAWH NpensaTcTayeT ToKy Na* yepes
KaHan, KoTopbli AOMKEH NPONCXOAWTL NPU Aenonsapu3aunm MembpaHsi.

AKCOHbI MEHbLLIErO pasmepa pearvpyiot Ha BBeleHNe MECTHbIX aHECTETUKOB paHb-
e, 4em 6onee KpynHble, MOCKOMbKY Y UX NOTeHUMana AencTems “3anac NpoYHoCTH”
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MeHbLe. YTobbl NoTeHUMan OeicTBMA He yracan BO BPEMS NPOBEAEHWSA MO aKCOHaM,
B HUX JOMXKHO ObITb 60NbLUE YHKLUMOHUPYIOLLIMX NOTEHUMAN-3aBUCUMBIX HATPUEBbIX
kaHanos. bonee BbICOKas 4yBCTBUTENLHOCTL MENKWUX aKCOHOB K MECTHBIM aHECTETW-
KaM BecbMa NonesHa B KNMHWYECKOM NnpakTuke. ViHdhopmaums 0 60neBbIx pas3apaxu-
Tensx (kak, Hanpumep, 3ybHas 60nb) NnepefaeTcs MMEHHO NO BONOKHAM HEHOMNbLLOro
avametpa.

~ MNoteHuman-
3aBUCUMbIN
V' /atpuesbiii

ooy
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eaee

Anbda-cnupanb S6

Cifen, _Cib

MecTa
CBA3bIBAHMA
nupokanHa

Puc. A. MexaHnam pesicteus nvpokamHa (agantyupoBaHo
u3 Hardman et al., 1996, Fig. 15.3)
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Mepexsar
PaHBbe - ~ -

MwenuHoBbli GyTnsp

Puc. 4.14. MuenuHosblii chyTnap u nepexsat PaHBbe. /rpas posb 3neKTpon3ons-
LuuKn, MUeNVH NOBbILLIAET CKOPOCTbL NPOBeAEHWA NoTeHuuana AeicTena OT Nepexeata
K nepexsarty. [OoTeHunan-3aBMcUMbIE HaTpUeBble KaHanbl B MembpaHe akcoHa Cco-
CpeaoToYeHsl B 06nacTtu nepexsatosB PaHBbe

MuenuHosbIn MepexsaT AkCOH
dyTnsp PaHBbe

Toyka oTcyeTa

J\*

Yepes 1 Mc

Puc. 4.15. CanbraropHoe nposefeHue. MvenmHosas 060n04Ka, 3acCTaBNAs AMeKT-
pyU4ecKkui TOK NepefaBaTbCs OT NepexeaTa K nepexsaty, o6ecneyvBaeT BbICOKYIO
CKOPOCTb NPOBEAEHWA NOTeHUMana aencTeuns (cp. ¢ puc. 4.12)
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Bpeska 45. B MUHTepecHo

PaccesiHHbIW CKAEPO3 — AEMUEAUHU3UPYIOLLIee
3aboneBaHue

OrpomMHas BakHOCTb MvenuHa B nepepade vHMOpMauMmM B HEPBHOW CUCTEME
4YenoBeka CTAHOBWUTCA ACHOM NPW PacCMOTPEHUWM HEBPONOrMYECKOro 3abonesaHns,
W3BECTHOrO NOA Ha3BaHWeM paccesiHHbIti ckiepod (PC). XXepTtebl PC xanytoTca Ha
€cnabocCTb, HapyLLeHWe KoopaMHaUnKW, 3peHns, pedun. 3abonesaHne NpoTekaeT UmMKn-
4YeCKM, 00bIMHO C pemMuccuaMmnm n 060CTPEHUAMU C MHTEPBANOM B HECKOMNbKO NeT.
HecmoTps Ha TO 4TO ToYHasA npuymHa PC go cux Nop Hem3BecTHa, HENOCPeaCTBEH-
Has NPUHYMHA CEHCOPHbBIX N MOTOPHBIX HAPYLLEHWI B HACTOSLLEE BPEMSA COBEPLUEHHO
AcHa. Mpu PC nopaxatoTca MmenmHoBble 060N04KN BOKPYT NMy4KOB akCOHOB B FONOB-
HOM W CNWHHOM MO3re W 3puTenbHbIX Hepsax. CNoBo CK/1ePO3 NPOUCXOAMT OT rpe-
4YEeCKOro CnoBa, 03HavaroLLero “ynnoTHeHNE”, N xapakTepuayeT o4arv NOBPeXaeHns,
BO3HMKalOLLWE B 06NACTV Ny4KOB aKCOHOB. JTOT CKNEPO3 ABNAETCHA PACCESHHbIM, NO-
CKONbKY 3abonesaHne 0AHOBPEMEHHO NopaXkaeT 60NbLIOE KONMYECTBO Y4aCTKOB NO
BCEN HepPBHOW CUCTEME.

Ouaru NoBpeXXaeHWs B MO3re Cenvac MOXHO yBUAETb C MOMOLLbIO HEMHBA3MBHbIX
METOLO0B, HaNPMMEep MarHNUTHO-Pe30HaHCHOW Tomorpadhum (MPT). OgHako Hespona-
Tonoru ymenu pacnosHaeatb PC yxe MHOro neT Hasdap, onupasch Ha dakT, YTO Mu-
€NVH CNYXWUT ANA YCKOPEeHWs NpoBefeHns B akcoHax. OgHWUM 13 NpOCTbIX METOLOB
6bIN0 N3MEPEHNE BPEMEHN MEXAY NPpeabaBNeHNeM rnasdy WaxMaTHOro pUCyHKa u pe-
rmcTpaumen NoTeHunanos Hag 06nacTeio MO3ra, CBA3aHHON CO 3pUTENbHBIM HEPBOM.
[na 6onbHbix PC xapakTepHO 3Ha4YMTENbHOE 3amenneHne NpoBefeHns No 3puTeNb-
HOMY HepBy.

Mpw gpyrom aemuenvnmaunpyiowemM 3abonesanuu, cuHgpome ieHa-bappe, no-
BPEX4AeTca MUENVH Nepuepuyecknx HEPBOB, MHHEPBMPYIOLLIMX MbILLUbI U KOXY.
370 3ab6oneBaHME MOXET BO3HWKATL NOCNE NErkmx MHAEKUMOHHbIX 3a6oneBaHnii 1
ABNAETCA pe3ynbTaToM Naronorn4eckoin UMMYHHOM peakumMm Ha COOCTBEHHLIN Mue-
nuH. CuMNTOMbI 3aboneBaHns SBNAOTCA NPSMbIM CNEACTBMEM 3amefneHvs u/vnu
npekpaLleHna NpoBedeHna noTeHumana AencTBuA NO akCcoHaM, WHHEPBUPYIOLLMM
MbILLUbl. Takor gedmumt NpoBedeHUs B KIMHUYECKMX YCNOBUAX MOXHO NMPOOEMOH-
CTPWPOBAaTL C MOMOLLIbIO YPE3KOXKHOW INEKTPUHECKON CTUMYNALMM HEPBOB 1 N3Mepe-
HVA BPEMEHW, Yepe3 KOTOPOe BO3HMKAET OTBET (HanpuMep, NOAEPrMBaHNE MbilLLbl).
Kak v npu PC, npu cungpome MiteHa-bappe oTMevaeTcs BbipaXeHHOe 3aMeaneHve
oTBETa BCNEACTBUE HAPYLLEHUS CansTaTOPHOrO NPOBEAEHWS.

NOTEHUWMANLI AENCTBUA, AKCOHbI 1 AEHOPUTI

IToTeHuan geilcTBUSA B TOM BUJI€, B KAKOM OH OIIMCAH B 3TOM IVIaBe, CBO-
CTBEH NpEeUMyLIeCTBEHHO akcoHaM. Kak npaBuio, Ha MeMOpaHe AEHAPUTOB U
KJIETOYHBIX T€J HEHPOHOB HATPUH-3aBUCUMBIN MOTEHIUAI AEHCTBUA HE BO3-
HMKAET, NOCKOJIbKY Ha HUX OY€Hb MaJiO MOTEHUMaI-3aBUCHUMBIX HaTPHUEBBIX
KaHa10B. [eHepHupoBaTh NOTEHIMAT JEICTBUS MOXET TOJIbKO MeMOpaHa, B KO-
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TOPOI1 COAEPKATCA 3TU CIELNAIU3UPOBAHHBIE GEJIKOBbIE MOJIEKYJIbI, d TAKUM
TUIIOM MeMOGpaHbl 06/1aal0T B OCHOBHOM TOJIbKO aKCOHBI. [ToaTOMy Ty yacTh
HEWpOHa, B KOTOPOIi HAYMHAETCSA aKCOH, — aKCOHHBII GYTOPOK — YacTO Ha3bl-
BAIOT CHAWK-WHMIMHPYIOWled 30HOM (aHTJL spike-initiation zone). B OGBIYHBIX
HEHPOHaX r0JIOBHOTO UM CIIMHHOTO MO3Tra JeNoJspU3alus JeHPUTOB U Tea,
BbI3BAaHHAs CHHANITUYECKUM CUTHAJIOM OT JPYTUX HEPOHOB, PUBOJUT K BO3-
HUKHOBEHMIO TIOTEHIIMAJA JefiCTBUS TOrJa, KOrJa MeMOpaHa akconnozo byzopxa
JeNoJIAPU3YETCs Bbllle IOPOroBoro 3HaveHus (puc. 4.16, a). Oauako B 6oJb-
IIMHCTBE YYBCTBUTEJIbHBIX (CEHCOPHBIX) HEIPOHOB CHAHK-WHMIIHMPYIOIIAs
30HA PACIIOJIOXKEHA BO3JIE UYECMEUMEALHLX HEPEHBLX OKOHUAHUY, U B HEH JEINo-
JIApU3aLMs, BbI3bIBa€Masi CEHCOPHOM CTUMYJIALIMEN, TeHEPUPYET MOTEHIMAIbI

JeiicTBUSA, KOTOpblE 3aT€M pPacpOCTPaHAIOTCA MO YYBCTBUTEIbHBIM HEpBaM
(puc. 4.16, 6).

MembpaHa ¢ BbICOKOW
MAOTHOCTbIO MOTEHLMAN-3aBUCHMbIX
HaTPUeBbIX KaHaNoB

YyBCTBUTENbHbIN
HewpoH

Cnaik-uHnummpylowas  \\
30Ha: aKCOHHbIN BYropok

"

nank-MHULMMPYIOLLAs 30Ha;
YYBCTBUTENbHOE HEPBHOE OKOHYaHME

(6)

Puc. 4.16. Cnailk-uHmummpyiowian 3oHa. Mem6paHrHbie 6enku 06ycnosimeaioT yHk-
LUMIO pasfMyHbIX YacTein HepoHa. 3o6paxkeHbl (a) nupamuaanbHbIi HEWPOH KOpbl Y
(6) NnepBMYHbBI CEHCOPHBIV HENMPOH. HecMOTpA Ha pa3nuyve B CTPOEHUU HEPOHOB, MEM-
6paHy akcoHa Ha MONEKYNAPHOM YpPOBHE OTIMYAET BbICOKAA NNOTHOCTL NOTeHuuan-3a-
BMCUMbIX HAaTPUEBLIX KaHanoB. bnarogaps aToMy oTANHMIO MeMBpaHa akcoHa cnocobHa
reHepvposaTb W NPOBOAWTL MOTEHUMAnbl AENCTBUA. YHacToK MeM6paHsl, rae 06b14HO
BO3HUKAET NOTeHUMan Ae’cTBUA, Ha3blBaeTCA cnavk-uHMuuvpyoLen 3oHoin. Ctpenkamm
nokasaHo HOpMasbHOe HanpaBfieHWe pacnpocTpaHeHus noTeHuvana OencTBUS B 3TUX
ABYX TMNax HENpOHOB
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OTO MHTepecHo

Pa3HopoAHble NPOABAEHUA 3NEKTPUYECKOro NOBEAEHUA
HEeHWpOoHOB

HenpoHbl He NOXoXu Apyr Ha Apyra; OHW OTNNYalTCs NO POPMeE, pa3mepy, 3KC-
npeccumn reHos n cBasaM. OHK Takxe OTNn4aloTCs Apyr OT Apyra CBOVMW 3nekTpuye-
CKVMW CBOMCTBamu. HEKOTOpbIE MPUMEPbI Pa3NMYHOro NOBEAEHNA HEMPOHOB NoKasa-
Hbl Ha pwuc. A.

B Kope Mo3ra nmeeTcs gga rnaBHbIX MOPAONOrM4ecknx Tmna HempoHoB: BecLum-
NUKOBbIE 3BE3AYaTbIE KNETKM W NupammaanbHble KNetkun, obnajatolmne Wwunmkamu.
3Be3gyarbie KNneTkn 06bIMHO OTBEYAIOT Ha NOCTONAHHBIA AENONAPUIYIOLLMIA TOK, Npw-
NOXEHHbIA K UX Teny, cepyen NoTeHUnanos AeNCTBUS C OTHOCUTENbHO NOCTOAHHOM
4acTOTOW Ha NPOTHKEHNM BCEro BPEMEHW AecTBUA CTuMyNa (a). NMupamngansHble xe
KNeTKN He MOryT NOAAEPKMBATb NOCTOAHHYIO YaCcTOTY reHepaumn NnoTeHumManos aem-
cT8usA. OHM reHepupYIoT YacTble pa3psaabl B Ha4ane 4ecTBna CTUMyNa, a 3aTeM 4acTto-
Ta MX pa3psaoB YMeHbLLIAETCA, AaXKe eCnn cuna cTuMyna senuka (6). Takoe CHkeHne
4acTOTbl HA3bIBAETCA adanTayveri n NpeacTasnaeT Cobom 04eHb PAacNPOCTPAHEHHOE
CBOWCTBO BO36YAUMbIX KNETOK. [pyron Tun pa3psgoB Ha3blBAETCA OYepenbio — He-
6onbluas cepua NOTeHUMANoB AeNCTBUA, 3a KOTOPOW CnefyeT KopoTkas naysa. Pag
KNETOK, B TOM YMCNe HEKOTOPbIE NOATUNbI NUpaMMaanbHbIX HEMPOHOB B KOpe, OTBeYa-
0T HA NOCTOSAHHBI CTUMYN PUTMUYHBIMKW, NOBTOPHbLIMW O4epeasmm (8). PasHoobpasmne
naTTEPHOB aKTUBAUMM MPUCYLLE HE TONbKO KOpe Mo3dra. M3y4eHne MHOrOHYMCNEHHbIX
obnacTteit Mo3ra NoKasblBaeT, YTO INEKTPUHECKOE NOBEAEHNE HENPOHOB CTONb Xe
pa3Ho06pasHo, kak 1 nx Mopdonorus.

HeM 0ObACHAETCA pa3Hoe NOoBedeHWE pPasHbiX TUMOB HEMpPOHOB? DU3NONOruA
KaXxaoro HempoHa B KOHEYHOM CHETE ONpeaenseTCcs CBONCTBAMUN U KONNHECTBOM MOH-
HbIX KaHanoB B ero MembpaHe. TMNOB MOHHbIX KaHanoB ropasfo 6onbLue, YeM onuca-
HO B 3TOW rNase, N Kaxibli 3 HUX UMEET CBOM XapaKTepHble CBOMCTBA. Hanpumep,
HEKOTOPbIE KaNMeBbIE KaHanbl akTUBUPYIOTCS OYeHb MeaAneHHO. HeNpPOH, Ha KOTOPOM
NNOTHOCTb TAKNX KaHanoB Benuka, 6yaet obnagats CBOMCTBOM afjantaumu, Tak Kak
npw AnuTensHOM cTuMyne ByaeT OTKpbIBaTbCA BCE 6ONbLUEE KONNYECTBO MEANEHHbIX
KanueBblX KaHaNOB, a BbIXOAALLMI TOK Yeped 3TN kaHanbl 6yaeT o6ycnosnmeaTb TeH-
AEHUMIO K runepnonapu3aumm membparbl. Korga npeacTtasnselb, YTO Kaxabli OT-
fenbHblA HEMPOH obnafaeT 6onee 4YeM AeCATKOM Pa3NnyHbIX TUMOB MOHHbIX KaHanNoB.,
CTaHOBUTCHA MNOHATHO, OTKyAa 6epeTca Takoe pa3Hoobpasue naTTepHOB akTuBauuu.
VIMEHHO CNOXXHOCTHIO B3aMMOAENCTBUA MEXAY PA3NMYHbIMM MOHHBIMM KaHanammn 06b-
ACHAETCA PA3HOPOAHOCTb 3NEKTPUHECKOr0 NOBEAEHMSA KaXKO0r0 Knacca HeMpPOHOB.

B riaBe 2 Mbl y3HaIHM, YTO aKCOHBI U J€HAPUTBI OTJIMYAIOTCSA IO CBOEIT MOp-
¢posrorun. Tenephb Mbl MIOHUMAEM, YTO MEX/JY HUMHU UMEIOTCH U (PYHKIMOHAIb-
Hbl€ pa3jM4us, KOTOPble OOBACHSAIOTCS HAa MOJIEKYJIIDHOM YPOBHE Pa3JIMYHbI-
MU THUIIaMU GEJIKOB, KOTOpble HAXOJAATCS B UX MeMOpaHe. Paziuunem Tumna u
KOJINYECTBA MOHHBIX KaHaJIOB B MeMGpaHe OGBACHAIOTCA TaKXKe crenudpuyec-
KM€ 3JIeKTPUYEeCKHe CBOMCTBA Pa3HbIX TUIIOB HEMPOHOB (Bpe3ka 4.6).
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PE3IOME

BepHnemcs HeHa0JIr0O K IpHUMepY U3 IaBbl 3, B KOTOPOM YeJIOBEK HACTYNAET
Ha KaHILeJISIpCKylo KHOMKY. [ToBpexxaeHne K0XXU OCTPHEM KHOIIKM PacTATUBaeT
CEHCOpPHblE HEPBHbIE OKOHYaHUA cTomNbl. CnenyalbHble HOHHBIE KaHAJIbI, YyB-
CTBUTEJIbHbIE K PACTSKEHUIO MEMOPaHbl 3TUX aKCOHOB, OTKPbIBAIOTCS U IPO-
IICKaIOT MOHbI HATPHUs BHYTPb OKOHYAHUI1 aKCOHOB B Koxe. [TocTynienue no-
JIOXKUTEJIbHBIX 3apANOB JENOJIAPU3YET MEMOPAHY 0 NOPOrOBOro 3HAYEHUH, U
reHepHUpyeTcsl NOTEeHUHaI AeicTBUSA. [10I0XKUTENbHBIIA 3aps), TOCTYNAIOIHUIA
BHYTPb BO BPEMS BOCXOJsIlel ¢asbl NOTEHIMaANA AEICTBUSA, paCIPOCTPaHsAET-
sl 110 aKCOHY U AENOJIIPU3YET MpUJIeXKaIie y4acTKM MEMOPaHbI O IOPOTrOBOTO
3Ha4YeHUA. TakuM nyTem NOTEHIUAI AEICTBUSA HENPEPBIBHO BO30OHOBIAETCA,
IIPOABUTasICh IO CEHCOPHOMY aKCOHY, NIOJOOHO BOJIHe. Tenepb Mbl NOAXOAUM K
CJIEYIONIEMY 3TaIly, HA KOTOPOM 3Ta UH(OpMaLUs NePeJAETCS APYTUM HEHpo-
HaM, C JalbHeHIlel HHTerpanuei B LEHTPaIbHOI HepBHOI cucteme. Takas ne-
peAaya uHGOpMaLUU OT OJHOr'O HEPOHA JPYrOMy Ha3bIBAETCS CUHANMUNUECKOU
nepedavell U pacCMaTPUBAETCA B CJIENYIOUIMX JBYX IJIaBax.

CuHanTH4YecKas nepejava, Kak ¥ IOTEHLHaJ A€HCTBUSA, 3aBUCUT OT CIELH-
aJM3UpPOBaHHBIX 6€JIKOB B MeMOpaHe HelipoHa. TakuM o6pa3oM, cosjaercs
IpeJCTaBJIE€HHUE O MO3re KaK O CJIOXKHOM CETU U3 B3aUMOJAEICTBYIOIUX HEHPOH-
HbIX MeMOpaH. [IpeacraBum ce6e, 4TO IO b MEMOPAHbI OOBIYHOTO HEIIpOHa
BMeCTE CO BCEMH €ro OTPOCTKAaMH, COCTaBseT okoJo 250 000 Mkm2. [romanp
noBepxHocTH 85 MWLINApAOB HEIIPOHOB, OGPA3yIOIUX YeJIOBEYECKUIT MO3T,
npu6amxkaercs K 21 250 M2 — 3T0 10 pa3amMepy cpaBHUMO ¢ TpeMst (HYTGOIbHBIMU
NoJIIMHU. TOT HEOGO3PUMBIiT MUP MEMOPaH C MUpHUAJaMH ClleLIHaJIN3UPOBaH-
HBIX GEJIKOBBIX MOJIEKYJI O6pa3yeT OCHOBY HAILLIETO MbILULICHUS.

KnoueBble TEpMUHDbI

CBoiicTBa IOTEHIIHaAIa A€~
CTBHUSA

BOCXOjAmasn ¢asa

KaHIbHBI pojoncul-2, ChR2

HUCXOAAmAsA ¢asa

oBepUIYT

ONTOreHeTHKa

nepuoj abCoMOTHOMI pedpakTep-
HOCTH

neproJ OTHOCUTEIbHOI pedpak-
TEPHOCTH

nopor

cJie10Basi FUnepnosapu3aus

ITorenunan geiicTBus B peaib-
HOCTH

KaHaJIonaTus

JIOKaJIbHasA (puKcanus MeMGpaH-
HOTO NOTeHIHaA (II3TY-KJI3MII)
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NOTEHIUI-3aBUCUMBIi1 KajIHe- IIpoBeaeHne noTeHnuaNa Aeii-
BbII1 KaHAT CTBUSA

NOTEHIMaI-3aBUCUMBII1 HATpUE-  CaJbTAaTOPHOE NPOBEAECHHE
BbII KaHa IToTenuuan AefcTBUA, aKCOHBI

TETPOJOTOKCHUH ¥ leHAPATHI

¢pukcanys MeMGpPaHHOrO NOTEH- CHAHK-MHULMUPYIOMWAs 30HA
nuaIa

<40 Bonpocb! ans camonpoBepxu
N\

A\
A=) |
1. [laiite onpenenenne MeMGpaHHOMy noTeHuuany (V, ) u paBHo-
BecHOMy noTteHuuany Hatpus (E, ). Kakoit u3 Hux namensercsa

(ecsim uamMeHsieTCs) BO BpeMsl NIOTEHLMaJIa AeiCTBUA?

2. Kakue HOHBI ABJISIOTCS HOCUTEISIMU PaHHETO BXOASLIETO 3apsi-
Jia ¥ MO3JHETO BBIXOJAIIETO 3apsja BO BpeMs NoTeHIaa Jei-
CTBUS?

3. Tlouemy moTeHuMaN AECTBUSA XapaKTepPHU3YEeTCs BbIpaXeHUEM
“BCé WU HUYero”?

4. HexoTopble noTeHunaI-3aBucuMble K'-kaHaubl Ha3bIBAIOT “OT-
JIO)XEHHBIMH BBIIPAMUTEIAMUN H3-32 BDEMEHU UX OTKPBITHUS BO
BpeMs NNOTeHIUaIa AeHdcTBUs. UTO MOIIO Gbl MPOU3OMTH, €CIU
6bl 3TUM KaHajJaM TpPe6GOBaJOCh HAMHOTO GOJIbllle BPEMEHH,
YTOOBI OTKPBITHCSA?

5. IlpeacraBum, YTO y HaC eCTb MeueHblil TeTpojoTokcuH (TTX),
KOTOPBIif MbI MOX€EM BUJETh 0] MUKpOockonoM. Eciu Mbl HaHe-
ceM 3T0T TTX Ha HEHPOH, TO KaKH€ YaCTH KJIETKH, 10 BallleMy
MHEHHUIO, 6yayT noMeudeHbl? KakoBbl 6yyT nocIe ICTBUS HaHece-
Hus TTX ans aToro HelipoHa?

6. Kax usmeHsieTcs CKOpoCTb ITPOBEAECHUS NOTEHIIMAJIA JeHCTBUS
C U3MeHeHHueM AuaMeTpa akcoHa? ITouemy?
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CuHanTu4yeckasa nepepava

B arovi rnase...

BBEOAEHUE
TuUnNbl CUHANCOB
OnNeKTpn4eckmne cruHancol
XUMUHECKMNE CHaNChbI
Xumundeckue cuHancs! LJHC
HevipombilueyHoe coeanHeHmne
NPUHLMNbI XUMUYECKOWN CUHANTUYECKON
NEPEAAYN
Hepomeamatopsl
CWHTE3 1 XpaHeHne HempoMeanaTopos
BbicBOGOXOEHWE HEMPOMEaMATOPOB
PeuenTopbl 1 achdekTopbl HEMPOMEANATOPOB
Meavarop-3aBncmble NOHHbIE KaHarlbl
Peuentopel, conpsixxeHHble ¢ G-6en1Kom
ABTOpeyenTops!
BoccraHoBnenwe 1 pacnajg HerpomeamaTopos
Helpodapmakonorus
NPUHLUUNbI CUHANTUYECKOW UHTErPALIUU
WHTerpaums BMCM
KsaHrtaneHsivi aHama BIICH]
Cymmauus BriCr1
BnusiHWe CBOMCTB AEHAPUTOB HA CUHANTUHECKYIO
WHTErpaumio
lNposoasLume cnocobHOCTV AeHAPNTOB
Bos6yaumbie aeHApuTbI
TopMoXxeHne
TTICI v LWYHTUPYIOLLIEE TOPMOXEHNE
FeomeTpuns BO36Y KAAKOLMX Y TOPMO3HbLIX CUHAMNCOB
Moaynsauma
PE3IOME
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BBEAEHNE

B rraBax 3 u 4 MBI paccMOTpesH, KaK MeXaHMYecKasi HEPrus, HaupuMep
Ballla peaklys Ha TO, YTO Bbl HACTYIIUIM Ha KHOIIKY, IpEeBpalllaeTCcsl B HEPBHbIM
curHal. Bo-mepBbIX, cenyaibHble HOHHbIE KAHAIbI YYBCTBUTEIbHBIX HEPBHBIX
OKOHYaHHUI MO3BOJISIOT MOJIOXKUTEJIbHOMY 3apsAly IPOHUKATh B aKCOH. biaro-
Japsi BO3GYAMMOCTH OGOJIOYKM aKCOHA M €€ NOTEeHIUal-3aBUCHUMBbIM HaTpue-
BbIM KaHaJIaM MOTEHIUaIbl AeHCTBUS MOTYT PacHpPOCTPAHATHCA MO JUIMHHBIM
4YYBCTBUTEJbHBIM HEpBaM 6e3 yracaHus. OfHaKoO 1 06paboTKu 3Toi UHGOP-
Malluy B HEPBHOH CHCTeMe OHa JOJDKHA ObITh IepejaHa APYTUM HEpOHaM,
HaIlpUMep MOTOHEHpOHaM, yIpaBJsIOIUM COKPALEHUEM MbIIIL, U HEpOHaM
TOJIOBHOT'O U CIIMHHOTO MO3ra, KOOPIMHHUPYIOIUM pedIeKTOPHYIO PEaKIHIO.
K xonny XIX Beka cTaJO U3BECTHO, UTO 3Ta Nepejadya MHPOPMALMU MEXTY
HellpOHAMHU IIPOUCXOAUT B OCOObIX MeCTax KoHTakTa. B 1897 r. anmmuiickuit pu-
3uosior Yapus llleppuHrToH HaszBal 3TH MecTa cuHancamu. [Tponecc nepexozna
MH(pOpMaLMK Yepe3 CUHAIC Ha3blBAETCS CHHANITHIECKOI mepeaadeii.

dusnyeckas NpUpoAa CHHANTHYECKOMH Nepeaayl OClapuBajlach Ha MpOTH-
XEHHUU MOYTH cTa JeT. CoOmlacHO OJHOI pacIpOCTPaHEHHOI TUIoTe3e, CKO-
POCTb CMHANTUYECKOI1 NepeJjaul 0ObACHAIACH TEM, UTO CUHaNTHYecKas nepe-
Jaya NMpeACTaBIseT COG0M 3JIEKTPUYECKUI1 TOK, NEPEXOAANIMil OT HeiipoHa K
HelipoHy. CyliecTBOBaHHE TaKUX 3JIEKTPHUIeCKHX CHHANCOB GbLIO JOKa3aHO B
koHue 1950-x rr. 3 asuHomM Pypmmnanom u Jasunom ITorTepom, aMepUKaHCKU-
MU (pU3UOJIOTaMHU, U3yYaIOUIMMU HEPBHYIO CUCTEMY PaKOOGPa3HbIX B YHUBEPCH-
TeTckoM kosuieqke JIoHoHa, 1 Akupoii BataHa6e, KOTOpPbIN U3ydal HEHPOHBI
Jn06¢cTepos B TOKMIICKOM Me AMIIMHCKOM YHUBepcuTeTe. CeroJHs HaM U3BECTHO,
YTO 3JIEKTPUYECKHE CHHAIChI YACTO BCTPEYAIOTCS B MO3re 6ECIIO3BOHOYHBIX U
[MO3BOHOYHBIX, B TOM YHCJI€ MJIEKOIMUTAIOMIUX.

Ognako eme ¢ 1800-x IT. cymecTBOBaIa M Jpyrasi TMIOTE3a O NMPUpOJE CH-
HaNTHYECKOI Nepejaun, COIACHO KOTOPOi MH(POPMALIMIO OT OJHOrO HeiffpoHa
K Jpyromy npejaloT B CHHAIlC€ XMMHYeCKHe HeiipoMeauaTopsl. KoHuemnnuio
XMMHIECKHX CMHancoB noagepxai B 1921 r. Orro JI€BH, KOTOPBHIIT Ha TOT MO-
MEHT GbLI INIaBOi1 (papMaKoIoruyeckoro ¢akyabrera [pankoro yuupepcuTeTa B
Ascrpuu. JIEBM nOKa3aJ, YTO 3JEKTPUYECKAsT CTUMYJISALUS aKCOHOB, HHHEPBU-
PYIOIUX cepAale xabbl, MOXET UMUTUPOBATh 3(PHEKTh HEHPOHHOI CTUMYJIS-
uun cepaune6uenus (Bpeska 5.1). ITosxxe bepnapa Kau u ero xoyteru us Yuu-
BEpPCUTETCKOro Kosuieaka JIoH0Ha OKOHYATEeIbHO IPOAEMOHCTPHPOBAIH, UTO
NOCPEJHUKOM B CHHANTHYECKOIl mepejaye MexJy aKCOHOM MOTOHEIpOHa U
MBILIIEI CTYXKUT XUMHUUeckoe BemecTBo. B 1951 r. /lxxon Skkic u3 ABcTpaani-
CKOT'O HallMOHAILHOT'O YHUBEPCUTETA U3ydyal CHHANTHYecKyIo nepegauy B IIHC
MJIEKONUTAIOUIUX, UCIIOJIb3Ysl HOBBII Ha TOT MOMEHT MHCTPYMEHT — CTEK/ISH-
Hblé MMKPO3JIEKTPOJbl. Ero akcrnepuMeHTbI MMOKa3aId, YTO MHOTME CHHAIIChI
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JT0 NHTEepecHo

Meuta Ot10 NéBMU

OfHa 13 caMblix 3axBaTbiBaOLLMX UCTOPUIA B HEMPOHAYKE — 3TO UCTOPMA O TOM,
kak OtT0 Néswn, paboTtan B ABCTpun B 1920 r., HEONPOBEPXXMMO AOKa3arn, 4To B CU-
HanNTU4eCKON Nepefade Mexay Hepsamun 1 CepaLeM NOCPEaHKOM (MeanaTopom) aB-
naeTcs xuMmn4eckoe BewlecTtso. Cepaue MMeeT ABa Tvna MHHepBaumn: 0OAVH TUN YCKO-
pseT cepauebuenne, a apyron, HaobopoT, 3aMeansaeT ero. BTopon Tmn nHHepsaumm
obecne4vmsaeTca 6nyxgaowmMMm HepsoM. [1ésn n3onnposan cepaue xabbl ¢ coxpa-
HEHHOM MHHepBauwmel oT 6ny>XAaloLLEero Hepea, CTUMYNMPOBAN HEPB ANEKTPUYECTBOM
M NONyYMn OXmaaemblit pesynstat — 3ameaneHne cepguebuenns. OKoHYaTensHoe
[0Ka3aTenbCTBO XMMMHECKOM Npupodbl 3TOro adhdpekta 6biNo Nony4eHo, Korga OH
HaHEeC Ha U30NNPOBAHHOE CepAaue APYron Xabbl XMMUYECKMA pacTBOP M TakXe Ha-
énonan 3ameaneHve cepauebuneHms.

Mpes aToro akcnepuMeHta npuwna kK J1ésn BO cHe. Hwke npusegeH ero cob-
CTBEHHbIN pacckas 06 3TOM CcOobbITUM.

B nacxanbHyto HO4b 1921 1. 8 NPOCHYNCS, 3anucan HECKONbKO 3aMETOK Ha Ma-
NEeHbLKOM Knoyke Bymaru, a 3aTem CHoBa yCHyn. B wecTb 4acoB yTpa s NoHsAN,
YTO HOMYbIO 3anucan YTo-TO OYEHb BaXKHOE, HO HE CMOr pa3obpaTb CBOW Kapa-
Kynu. To BOCKpeceHbe BbIN0 CambIM YXaCHbIM AHEM BO BCEN MOEN Hay4HOW
XN3HW. HO cnegyroLlen HOYbto, B TPW Haca, A ONsaTb NPOCHYNCSA WU BCNIOMHWA,
41O Tam 6bINO. Ha 3TOT pa3 A He cTan puckoBaTb. A HEMeANEeHHO BCTan, oaen-
c#, nowen 8 naboparopuio U NPOBEN 3KCNEPUMEHT, ONUCaHHbIN Boiwe. 1 BOT
B NATb YaCOB YTpa XMMWYeCcKas NpUpoAa Nepeaadn HepBHbIX MMNYNbCOB Obina
OKOHYaTenbHO AokasaHa... Ecnu 6bl 8 He caenan 3Toro, a Havan 6bl BCEeCcTo-
pPOHHE 06AymMbiBaTb CBOKO MAEKD B Te4eHWe AHSA, TO npuwen 6bl K BbiBOAY O
6€CCMbICNEHHOCTM 3KCNEPUMEHTa, NOCKOMNbKY c4en bl ManoBEepPOATHBLIM, HYTO
HEPBHbIA MMNYNbC HE TOMNBKO BbIAENAET BELLECTBO-NOCPEAHMK, HO W BbliAENAeT
ero B KONu4ecTtBe, AOCTATOMHOM ANs BO3AENCTBMA Ha 3(PEEKTOPHLIN OpraH
(B MOEM cny4ae 370 cepaue), u gaxe ¢ n3bbITKOM, Tak 4TO NOCPEAHMK MOXET
nonagatb B XWAKOCTb, OMbIBAOLLYIO CEPAUE W, CneaoBatenbHO, MOXET ObliTb
Tam obHapy>XeH. HecMoTps Ha TO 4TO NPUCHMBLLAACHA MHE KOHLEeNUWa akcnepu-
MeHTa BbirNAgena AoCTaTtoMHO CNyYanHOW, pesynbTar BONPEKM BCEMY Okasan-
cs nonoxurenbHbIM. (Loewi, 1953, pp. 33-34.)

AKTVBHOE BeLLEeCTBO, KOTOpoe J1éBn Ha3ean BaryccTogh@ (C HeM. “Bnyxpatollan
cybCcTaHumMs"), 0Ka3anocb aueTUNXoNMHOM. Kak Mbl y3Haem M3 3Toi rnaebl, aueTwn-
XONWH TakXXe ABNAETCH NOCPEAHWKOM B CMHAmNcax MeXmay HepBaMu U CKeNeTHbIMMI
Mbiuamn. Bo3gencteme auetnnxonmHa Ha CKeneTHyo MbILLy, B OTNMYME OT cepaua,
BbI3bIBAET ee BO3BYXAEHME U COKpaLLEHNE.

B HHC TAaKXX€ HMCIIOJb3YIOT XMMHYE€CKHE MEANATOPDI; HA CaMOM J€JI€ XUMHU4Ye-
CKHe CHHAIIChl COCTABJISIIOT OOJIBIIMHCTBO CMHANCOB B Mo3re. Ha IIPOTSAXKEHUN
Caeayommnux JEeCSATUJIETUIT HOBbIE METO bl HN3Yy4€HUsI MOJIEKYJ, IPDUHHUMAIOIIUX
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y4acTue B CHHAaITUYECKOH nepejaye, MOKa3alH, YTO CUHAIICHI ABJIAIOTCSA ropas-
70 6oJee CI0XKHBIMU, Y€M IPEJTOIarali MHOTHE yYEHBIE.

CuHanTu4Yeckas nepefayda — 3TO OOGIMPHAsA U OYEHb UHTepecHas Tema. Jleit-
CTBUS NICMXOAKTUBHBIX BEIECTB, NPUYMHBI IICUXWYECKUX HAapPyIIE€HUI, HEPB-
HbI€ OCHOBbI OOYY€HUs U NaMATU — 6€3 NpeyBeIMUYeHUs Bce (PyHKIIUM HEPBHOM
CUCTEMBI — HEBO3MOXHO NIOCTUYb 6€3 3HaHMI1 O CHUHANTUYECKOi1 nepenaye. [To-
3TOMY MbI IIOCBATHUM 3TOI TEME HECKOJIbKO IJIaB, COCPEJOTOYUBIINCH IJIABHBIM
06pa3oM Ha XMMUYECKUX CHMHarcax. B aToil mase Mbl M3y4nM 6a30Bble€ IIPUH-
L[MIIbl CHHANITUYECKOI nepefadyn. Kak BHINIAAAT pa3Hble TUIbI cHHANCoB? Kak
PaboTaOT HeifpOMeAUATOPbI Ha NOCTCUHANTHYECKOI MeMOpaHe? Kak oauHOy-
HbIi HEHPOH COOMpaeT BOEJUHO U OOpabGaThiBAET MH(POPMALMIO, MOCTYNAIO-
IYIO B HETO U3 ThICAY CUHAIICOB?

TNMNbl CUHAMNCOB

MbI 03HAKOMMJIMCh C CMHAICcoM B miaBe 2. CuMHanc — 3To 0ocob60€e MeCTO, B
KOTOPOM HEHPOH KOHTAKTUPYET C APYTUM HEMPOHOM WM KJIETKOH MHOTO TUIA
(MplnIeyHOM MM xesne3uctoit). Mudopmanus o6bIYHO ClaeAyeT B OZHOM Ha-
NpaBJIEHUH, OT HEHPOHA K KJIeTKe-MUIlleHU. [TepBbIii B L1ern HEHPOH Ha3bIBAIOT
npecunanmurueckum, a KIETKY-MUIIEHb — nocmcunanmuyeckoi. JlaBaiite paccmMoT-
PUM OAPOGHEE pa3IMYHbIE TUIILI CHHATICOB.

AnekTpuyeckue cMHancbl

DJleKTpUUYECKHE CUHAIChI JOCTATOYHO IPOCTHI 110 CBOEI CTPYKTYpe U yHK-
L[MSIM U TTO3BOJISIIOT HAIIPABJIATD IIEPEX0J] HOHHBIX NOTEHIIUAIOB OT OJHOM KIET-
KU K JPYroii. DJIeKTpUYeCKHe CUHAICHI BO3HUKAIOT B OCOGBIX MECTaxX, Ha3bIBa-
€MbIX LileJIeBbIMH KOHTaKTaMM (Wi IiexeBbIMu coeguHeHusmu). [llenesbie
KOHTAKTbl BO3HUKAIOT MEXJy KJIeTKaMH IPAaKTUYECKH BO BCEX YACTAX TeJa, U B
HUX y4acTBYIOT MHOXECTBO KJIETOK He HEfPOHHOI IPUPOADI, TAKHE KaK SIIUTE-
JIMasibHbIE, ITAJIKHE U CEPJeYHbIe MbIIIEYHbIE KJIETKH, KJIETKH IIe4eHH, HEKOTO-
Pbl€ JKeJe3UCThIe KJIETKH U KIETKHU IIUU.

CoenuHssA HEPOHBI, LIeJIeBO KOHTAKT paGoTaeT Kak 3JeKTPUYECKUIH cH-
Hanc. B MecTe mesieBoro KOHTakTa 0GOJIOYKH ABYX KIETOK HAXOASTCS Ha pac-
CTOSIHUM OKOJIO 3 HM, a IPOCTPAHCTBO MEXAY HUMHU 3aIIOJTHEHO GeJIKaMU KoHHeK-
cunamu. CymecTByeT cBbllle 20 pa3jNYHBIX MOJBUJOB KOHHEKCHHOB, GOJIbIlE
IOJIOBUHBI U3 KOTOPBIX BcTpedaeTcs B Mo3re. lllecTh cyGbe AMHUL KOHHEKCHHA
0G'BeAMHSIOTCS, 06pa3yst KaHI, Ha3bIBAEMBII KOHHeKCOHOM, A IBA KOHHEKCOHA,
IO OJHOMY C KaXXJOH KJIETKH, CJIUBAIOTCS, O0Pa3ysl Kanal Ueses020 KOHMAaxma
(puc. 5.1). ATOT KaHaJ MO3BOJIET MOHAM U3 LIUTOILIA3Mbl OJHOI KIETKH Gec-
NpensTCTBEHHO IPOXOJUTD B IUTOILIa3My APYTroii kJaeTKu. ITopel 6obIIMHCTBA
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KaHAJIOB IIEJIEBbIX KOHTAKTOB MMEIOT OTHOCUTEJIbHO Gosblloit auameTp. OH
cocTasJiseT 1-2 HM, Yero BIOJIHE JOCTATOYHO JAJIS IPOXOXJEHUS GOJIbIIMHCTBA
BHYTPUKJIETOYHBIX HOHOB U HEKOTOPBIX MEJIKMX OPraHUYECKUX MOJIEKYJL.

[ Knetka 1
‘ LLlenesoe

coefivHeHve

Knetka 2

(a) v
Lintonnaama KaHanb! Wwenesoro CoeAMHEHNs
knetkm 1 .

T 4

LLleneBoe
coeiMHeHne

KOHHEKCOH

KOHHekcuH
Liutonnaama

KNeTKU 2  Yowp umenkve  KaHasibl, 06pasoBanHsle
(6) monekynsl - nopamu B 06enx membpaHax (8)

Puc. 5.1. LLleneBoit KOHTaKT. (@) HelpuTbl ABYX KNETOK, COeAMHEHHbIE LLENEBLIM KOHTaK-
TOM. (6) Mpv yBENU4EHUN BUAHBI KaHaNbI LLENEBbIX KOHTAKTOB, 06beAVHAIOLLIME ABE KNETKW.
MOoHbI 1 MenKre MoNeKy bl MOryT NPOXOAUTL Yepe3d 3TV KaHasbl B 060MX HanpaBneHusX. (B)
LLlecTb Cy6beamHUL KOHHEKCUHA 06pasyioT KOHHEKCOH, ABa KOHHEKCOHA (hOPMUPYIOT OAWH
KaHan LWeneeoro KOHTaKTa, a MHOXeCTBO KaHanos LLeneBoro KoHTakTa BMecTe o6pasyoT
WeneBon KOHTaKT

BobIIMHCTBO MmIe/IeBbIX KOHTAKTOB IO3BOJIAIOT HOHHBIM 3apsAaM OJAMHAKO-
BO XOpOIIO NPOXOJUTh B OOOMX HaIllPaBJIEHUSAX, [I03TOMY, B OTIMYHE OT 5OJIb-
IIMHCTBA XMMUY€CKUX CUHAIICOB, 3JIEKTPUYECKHE CUHATICHI JBYHAIIpaBJICHHbIE.
H3-32 TOro 4TO 3/1IeKTPUYECKUIT 3apsi] (B BU/I€ HOHOB) MOXET IIPOXOJUTb Yepe3
3TH KaHaJIbl, KJIETKH, COEJJUHEHHbIE TAKUM OOpPa30M, Ha3bIBAIOT 3JEKMPUMEcKU
cnapennsmu. [lepenaya B 3JIEKTPUYECKOM CUHATICE POUCXOJUT OUEHDb ObICTPO
M, €CJU CHHAIIC JOCTAaTOYHO BEJHK, IpaKTU4eckH GecnepeGoitHo. IToaTomy
MOTEHU M AEHCTBUSA B IPECUHANTUYECKOM HEIPOHE MOXET C MUHUMAIbHOM
3aJI€EPXKKOM BbI3bIBaTh MOTEHUMAT AEUCTBUA B ITOCTCUHANTUYECKOM HEHpO-
He. Y 6eCrIO3BOHOYHBIX BUJIOB, TAKUX KaK paKOOOpa3Hble, 3JIEKTPUUECKHE CH-
HaIIChl paCIOJIOKEHbI MEXY YyBCTBUTEIbHBIMU U ABUTaTEIbHbBIMU HEIIPOHAMU
B IIYTAX, OTBETCTBEHHBIX 32 PEAKIUIO 6ercTBa. ITOT MEXAHU3M TO3BOJIAET JKU-
BOTHOMY GbICTPO y6€XXaTh IPU CTOJIKHOBEHUH C ONACHOCTHIO.
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HccnepoBanus mnocjaefHUX JIET MOKa3awld, YTO 3JIEKTPUYECKHE CHHAIIChHI
BCTpEYalOTCs NpakTUyecku Bo Bcex yacTax ITHC maexonuraromux (puc. 5.2, a).
Korza npa HeilpoHa 3JIeKTPHYECKH CHAapeHbl, MOTEHIHAT JeHCTBUSA IpeCcH-
HaITUYECKOTO HEpOHa 3acTaBJsfeT HeGOJIbIIOM MOHHBIM 3apsj nepeiiTu ue-
P€3 KaHaJIbl IeJIEBUAHBIX KOHTAKTOB K JPYTOMY HEIIPOHY. DTOT 3apsJ BbI3bIBAET
3JIEKTPUYECKU-ONOCpeAOBAaHHbII MocTcuHanTudeckuit norenuuan (IICII) Bo
BTOPOM HeiipoHe (puc. 5.2, 6). O6paTuTe BHUMaHuUe: GJIaroAaps AByHarpasJieH-
HOCTH GOJIBIIMHCTBA 3JIEKTPUYECKUX CHHAIICOB MOTEHUHaAI ACHCTBUA BO BTO-
POM HeiipoHe, B cBOIO ouepenb, BbizoseT IICII B nepsom Heitpone. I1CII, rene-
pPUpyeMblil OMHOYHBIM 3JIEKTPUYECKHUM CHUHAIICOM B MO3T€ MJIEKONUTAIONIMX,
OOBIYHO HEBEJIMK M COCTaBJIsIeT 0KoJo 1 MB mim MeHble B cBOeM NHKe. 3TOro
3apsja MOXXET OKa3aThCA HEJOCTATOYHO, YTOOBI BbI3BATh NOTEHLUA JEICTBUS
B IIOCTCHUHANTH4eCKOH KiaeTke. OMH HeHpOH OGLIYHO OOpa3yeT dJeKTpuYec-
KM€ CHHAIIChl C HECKOJIbKUMU JIPYTUMH HEPOHAMHU, II0O3TOMY HECKOJIbKO OJHO-
BpemeHHbIX TICIT MOryT CHUIBHO BO3GYAUTb KIETKY. ITO NPUMEP CHHANTHYE-
CKOI1 MHTerpalyuu, KoTopas GyAeT pacCMOTPEHa Jlajiee B 3TOI IVIaBe.

Knetka 1
= 0 MoTeruman
Aexaput SammceV, & | fevicTeus
Knetku 1 S
£
=-65
3ammebV, g 1' é é
Knetkun 2 Bpemsh(Mc)
LLlenesoe 3.
COEMIMHEHME, o S
= ncn
o- 64
JeHoput =
=-65
T T T
0 1 2 3
(6) femaz Bpemsi (Mc)

Puc. 5.2. dnekTpuyeckue cuHancsl. (a) LLieneBoi KOHTakT Mexay AeHapvTamMu ABYX HEW-
poHOB 06pa3syeT 3anekTpuyeckuin cuHanc. (6) MoTeHuman AeCTBUA NPECUHANTUHECKOro
HerpoHa 3acTaBnseT HeboNbLUIOK NOHHBLIN 3apaa NepenTU Yepes KaHanb! LeneBbiX KOHTaK-
TOB K APYroMy HeypoHy, BbI3blBas SNIEKTPUHECKWUIA nocTCuHanTuyeckuii noteHuman (MNCIM).
(AcToqHmk: vacTb “a” u3 Sloper and Powell, 1978)

KoHkpeTHbI€ PO 3/IEKTPUYECKUX CUHATICOB BAPbUPYIOT B 3aBUCUMOCTH OT
30HBI MO3ra. X 4acTo HaxoAAT B 30HaX, rAe A/ HOPMaIbHOI paGoThbl Tpesy-
€TCs BbICOKAss CUHXPOHM3AIMA aKTUBHOCTH COCEJHUX HeipoHoB. Hanpumep,
HEHPOHBI A/[pa B CTBOJIE MO3Ta, Ha3bIBAEMOM HUJXCHEU 04UE0l, MOTYT T€HEPH-
poBaTh HeGoJblIME KOJe6aHUS MEMOPAHHOTO 3apsAfa U ropasfio pexe — Io-
TEHI UMbl JEHCTBUA. AKCOHbI 3TUX HEHPOHOB CJIEAYIOT K MO3)X€UKY U UTPAIOT



Fnasa 5. CuHanTtuueckas nepegaya 191

Ba)XHYIO POJIb B KOOPAMHALUY ABMXeHUH. OHU Takxke 06pa3yIoT 1eIeBble KOH-
TaKThl APYT € APYroM. 3aps, MPOXOJANINI1 Yepes lieleBble KOHTAKThl BO BpeMs
MeMOPaHHBIX KOJe6aHUI U MOTEHIUAIOB JEHCTBUSA, CAYXUT AN CHHXPOHU-
3allMM U KOOPJMHALUM aKTUBHOCTU HEHPOHOB HMXKHell oyuBbl (puc. 5.3, a), a
3TO B CBOIO OYePEab CIIOCOOCTBYET OYE€Hb TOYHOMY YITPABJIEHHIO JBUKEHU M.
Maiikn Jlonr u bappu Konnopc us Yausepcurera bpayHa oTKpbLIH, YTO reHe-
TUYeCcKas JieJienus KpUTHUECKOro GeJIKa Ie/IeBUHbIX KOHTAaKTOB, Ha3blBaeMO-
ro xonnexcunom-36 (Cx36), He BIMSET Ha CIOCOGHOCTb HEMPOHOB reHEPUPOBATh
KOJIe6aHNA U TOTEHIHaIbl ACHCTBUSA, HO HapylllaeT X CHHXPOHHOCTb BCJIEA-
CTBHE NOTepH QYHKIMOHUPYIOIUX IIeJIeBbIX KOHTAKTOB (puc. 5.3, 6).

a
(a) C WenesnaHbIM CoeAMHEHNEM lMoTeHuman aencTeus
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Puc. 5.3. dnekTpuyeckue CMHancbl NOMOraloT HepoHaMm CUHXPOHU3UPOBATb UX aK-
TUBHOCTb. HEKOTOPbIE HEVPOHLI CTBOMA MO3ra reHepupyloT HebonbLUMe perynspHbie Kone-
6aHus Mem6paHHoro 3apsaa (V) v uapefka noteHuuans! Aeicteus. (a) Koraa asa Heiipo-
Ha COeMHEeHb! LLieNeBbIM KOHTaKTOM (KneTku 1 un 2), konebaHua n noTeHumans [encTeuns
B HUX XOPOLLIO CUHXPOHU3WMPOBaHbI. (6) AHanNOrM4Hble HEMPOHbI 6€3 LeneBbIX KOHTaKToB
(kneTkn 3 1 4) reHepupyloT COBEPLUEHHO HEKOOPAUHUPOBaHHbIE KonebaHna 1 NoTeHuua bl
fencteusa. (Mcroynmk: Long et al., 2002, p. 10 903)

IIleneBuHbIE KOHTAKTBI MEXAY HEHPOHAMU U JPYTHMU KJIE€TKAaMU OCOGEH-
HO YacTO BCTPEYAIOTCH Ha PAHHUX 3Tanax pa3BuTus. CymecTBYIOT JOKa3aTe b
CTBa TOTO, YTO Ha NPOTMHKEHUN BHYTPUYTPOGHOTO U MOCJIEPOAOBOTO Pa3BUTHUSA
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MO3ra 1meJeBbI€ KOHTAKTBI IO3BOJIAIOT COCEAHHM KJIETKAM OOMEHUBATHCS IJIEKT-
pHUYE€CKNMH U XUMHUY€CKUMH CUTHATTAMH, 4YTO MOXET CIIOCOOCTBOBATh Koopau-
Hallyl X pOCTa 1 CO3pPE€BAHUS.

XnMmu4yeckue cmHancobl

BoJIBIIMHCTBO CHHANITUYECKUX COEJUHEHMIT B HEPBHOM CHCTEME B3pOCJIO-
rO 4eJIOBEKA ABJIAIOTCA XMMUYECKUMH CHHAIICAMHU, TO3TOMY OCTABIIASICH YaCThb
3TOH IJ1aBbl U CJIeJYIOLIe IJIaBbl GYAyT NOCBSAIEHbl HCKIIOYUTENIBHO XUMUYe-
ckuM cuHancaM. [Ipexze yeM paccMaTpuBaTh OTAEJIbHbIE BUAbI XUMUYECKUX
CHHAIICOB, AaBaiiTe NoJpOGHee U3yYUM HEKOTOPbIE UX OGI1Ee XapaKTepUCTHUKU
(puc. 5.4).

TepMuHanb akCcoHa
(NnpecuHanTU4ecKuit
3/1EMEHT)

.

CekpeTopHble

rpaHy bl MuTOXOHAPUM

CuHanTuyeckas

1 ~ AKTBHAsA 30Ha
e :

YnnoTtHexve
NOCTCUHANTUYECKOW
anddepeHumaumm

MembpaHa
CuHanTuyeckme
My3bipbky

. We
Peuentopsl T eCkAR pend®

Puc. 5.4. AneMeHTbl XMMU4ECKOro cuHanca

IlpecuHanTHyeckas M MOCTCUHANTHYeCKas MeMGPaHbl XUMHYECKOTO CH-
Harca pas/ieJieHbl CURANMuUYecKoll weislo, KOTopas umeeT wWMpuHy 20-50 HM,
4T0 B 10 pa3 GoJiblie TOIIMHBI LieJIeBUAHBIX KOHTAaKTOB. CHHANITHYECKas LieJIb
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3aII0JJHEHAa MAaTPHKCOM M3 BOJOKHHCTOrO BHEKIETOYHOro Geika. OmHOI u3
(yHKIMIT 3TOrO GeJika MaTPHUKCA ABJIAETCA CKIEHBaHHE IPECUHANITHYECKON U
MOCTCHUHANTUYECKOI MeMGpaH BMecTe. [IpecnHanTH4eckasi CTOpOHA CHHAIICa,
MHOT/Ia Ha3bIBAEMas NPeCUHANMUMECKUM IAEMERMOM, OOBIYHO IIPEACTABJIEHA Tep-
MMHIBIO aKCOHA. B TEpMUHAIAX COAEPIKUTCA OrPOMHOE KOJHMYECTBO MEJIKHX
IIapHUKOB JuaMeTpoM 50 HM, MOKPBITBIX MEMOPAHOM, KOTOPbIE HA3bIBAIOTCS CU-
HanmuMeckumu nysvipvramu (puc. 5.5, a). ITH My3bIPbKU COAEPKAT HelipoMeaU-
aTop, XMMUYECKOE BEIECTBO, IpeJHa3HaAYeHHOE JUIsl CBSI3U C MOCTCHHAITHYE-
CKOit MeMGPaHOi1. B HEKOTOPBIX TEPMUHAISAX AKCOHA TAK)KE MOTYT COAEPIKATHCA
KPYIHBIE Ny3bIPbKH, Ha3blBaeMble CeKpPeTOPHbIMH rpaHyaamu. CeKkpeTopHble
TpaHyJibl COJEPXKAT PAacTBOPHUMBIA GEJIOK, KOTOPbIil BBINISIAUT TE€MHBIM IPU
3JIEKTPOHHON MHUKPOCKOIIMH, U3-32 YETO UX IOPOil Ha3bIBAIOT My3bIPbKAMM C
IUIOTHBIM IIeHTPOM (puc. 5.5, 6).

MwuToxoHapum

MpecnHanTuyeckas
TepMuHanb

MocTcuHanTuyeckas . ]
KneTka (a) N . e AKTUBHas 30Ha

CuHanTuyeckue
Mny3blpbKL

My3bIpbku
C NOTHLIM
LEHTPOM

(6)§

Puc. 5.5. Xumnueckue cmHancbl Nog 3NIEKTPOHHLIM MUKPOCKONOM. (a) BricTpoBo36yau-
mble cuHancel B LIHC. (6) CvuHanc B MHC ¢ 60nbwmnM KONMHECTBOM My3bIPbKOB C NAOTHLIM
UeHTpoM. (McToyHmku: 4acTb “a@” na Heuser and Reese, 1977, p. 262; 4acTb “b” n3 Heuser
and Reese, 1977, p. 278)
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IInoTHble HakorleHUs Ge€JIKa, NPUJEralolero K MeM6paHaM ro o6e cTo-
POHBI CHHANITUYECKOH 1IeJIM, Ha3bIBAalOT COOPHBIM NOHATHEM — MeMOpaHHast
auddepenunanna. Ha npecunanmuvecxkoic cTopoHe MeMGpaHHbIE GEJKH, BbI-
CTymalomue B LUTOMJIA3My TEPMHUHAIM aKCOHA, MHOIJA HAaIlOMUHAIOT IieJIoe
1oJIe MaJIEeHbKUX NUPaMUAOK. ITU NMUPAMMUJKU U CBSI3aHHas C HUMHU MeMGpa-
Ha fIBJIAIOTCA (PAKTUYECKUM MECTOM BbICBOOOX/IEHUS HEIIPOMEANATOPOB; 3TOT
KOMIUIEKC Ha3bIBAETCS aKTHBHOI1 30HOi. CHHaNTUUECKHE Ny3bIPbKU CKaIlJIMBa-
IOTCS B IIUTOIIa3Me BO3JIe aKTUBHBIX 30H (puc. 5.4).

IInoTHOE ckoIIEHHE Gejlka B nocmcuranmuueckoi MeMGpaHe U Herocpen-
CTBEHHO IIOJ| Heil Ha3blBAIOT IMOCTCHHANTHIeCKHMM YymwioTHeHHeM. [locTt-
CHHANTUYECKOE YIUIOTHEHHE COJEPXMUT pELENnTopbl K HeilpoMmeauaTopaM,
KOTOPbI€ IPEO6PA3YIOT MEHCKACMOUNBLY CUTHAN (HEIPOMEAUATOP) BO 6Hympuiie-
mounbiti (M3MEHEHHe MEMOPAHHOTO MOTEHIMAIA WM XUMUYECKHUE U3MEHEHU)
CHUTHaJI IOCTCUHANTHYECKO KIeTKH. Kak Mbl yBUIUM IO3Ke, NPUPOAA 3TOMH
MOCTCUHANTUYECKOI peakLHUU MOXET ObITh Pa3jMYHOH, B 3aBUCUMOCTHU OT
THIIA PELIENTOPA, AKTHBUPYEMOT'O HEpOMeIUaTOPOM.

Xumunyeckue cudancol LIHC

B ITHC cunHamnchel MOXXHO pa3JjIM4aTh [10 TOMY, Kakas 4acTb HEMPOHa ABJISETCA
IOCTCUHANTUYECKOI 110 OTHOIIEHHUIO K TEPMUHAIH akcoHa. Ecin mocTcunanTy-
yeckass MeMGpaHa pacrosioXKeHa Ha JIeHJPUTE, TO TaKOil CUHAIC Ha3bIBAIOT ax-
co-Oendpumuneckum. Ecm jxe mocTcMHanTHYeckas MeMGpaHa paclojioXeHa Ha
TeJjie KIETKHU, TO CUHAIC Ha3bIBAIOT aKco-coMamuveckum. B HEKOTOPBIX Ciydasx
NOCTCHUHANTHYECKAs MeMOpaHa pacroJjioXKeHa Ha JPYroM akCoHe, a Takue CH-
HAICbl Ha3bIBAIOT axco-axconarsuuimu (puc. 5.6). Korma npecunantuyeckuit
aKCOH KOHTAaKTHPYET C IIMIUKOM NOCTCUHANTHYECKOrO AEHJPUTA, TO CUHAIC
Ha3bIBAETCSH aKCO-UuUnukossim (puc. 5.7, a). Y HEKOTOPBIX OCOGBIX HEHPOHOB Oek-
dpumbL 06PA3YIOT CUHAIICHI IPYT C JPYrOM; 3TH CUHAIIChI HA3bIBAIOTCS 0eHdpo-OeH-
dpumuneckumu. Pasmepnt u popmbl cunancos ITHC 3HauMTENIbHO pa3IMyaloTCs
(puc. 5.7, a—2). Mesikye AeTaIM CHHANITHYECKUX CTPYKTYP MOXKHO PacCMOTPETh
JIMLIb IO/, MOIHBIM YBEJTMYEHHEM 3JIEKTPOHHOTO MUKPOCKONa (Bpe3ka 5.2).

Cunancel ITHC MoxHO pa3fieuThb Ha ABe 6OJIbIIME TPYIIIbI 10 PA3IUYUAM
BO BHEIIHEM BUJI€ UX IPECUHANTUYECKUX U MIOCTCUHANTUYECKUX MeMOpaH. Cu-
HAIIChl, Y KOTOPBIX NOCTCUHANTHYecKOoe yraoTHeHue (I1Y) 6osblne, a cuHanTy-
Jeckad 1eJb IKUPE, Ha3bIBAIOT acummempuveckumu curnancamu I muna no I'per; Te
xe, y KoTopbix ITY He Tak BbIpaXK€HO, a CHHAaNTHYeCKas LieJIb y3Kasi, Ha3bIBaIOT-
cs1 cummempuneckumu cunancamu II muna no I'pew (puc. 5.8). Kak MbI yaHaeM nos-
e B 3TOi1 IIaBe, TaKUe CTPYKTYPHbIE Pa3IMyMs CKPbIBAIOT (PYHKIMOHAIbHbIE
passnuns. Cunarncsel I Tuna no I'peio 06bIYHO ABASIOTCSA BO30YXAAOIUMH, B TO
BpeMs Kak cuHarnchl I Tuna no I'pero ABASI0TCA TOPMO3AIMUMHU.
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- BpeaanZ Jloporoii OTKpbITHIA

M3 Ato6BM K AGHAPUTHBIM LUIKMNaM
astop: KpucreH M. Xappuc

Korpa s Bnepsble yBuaena AeHAPUTHBIE LUMMNKN HYepes 3NeKT-
POHHBIA MUKPOCKON, 3TO Bbina N6OBL C NEPBOro B3rNaaa, u
3TOT POMaH elle He 3akoHuMncA. A 6bina BbiNyCKHULER HOBOW
HEMpoBbMoNOrn4ecKon n NOBEAEHYECKOM NPOorpaMmel B YHMBEP-
cuteTe MinnunHoiica, 1 370 6bin NO-HACTOALWLEMY 3axXBaTbIBaIOLLIMA NEPUOA B HENPOHay-
kax. B 1979 r. Heiporay4Hoe 06uwecTBO BKOYaN0 B cebs BCEro NATb ThICAY y4acT-
HVKOB (CeroaHsa nx 6onbLue 25 ThICAY), U MO YNEHCKMIA HOMED, KOTOPbIM 8 NONy4vna 8
rof CBOEro BbiMNyCKa M KOTOPbIA OCTAeTCs 3a MHOW A0 cux nop, — 2500.

A Hageanack y3HaTb, Kak e BbIrNAaaT Te camble AeHAPUTHbIE Wnnbl. [na 3Toro
A 3aHMManacb TPEHWPOBKOWM NabopaTOPHbIX XXMBOTHbLIX, @ 3aTEM C MOMOLLLIO METO-
fa MonbaXum BblMMCNANA U3MEHEHNA KONWYeCTBa U hopMbl LIMNOB. C SHTY3na3MoM s
pagpaboTtana achheKTUBHbBIN, Kak MHE Ka3anocCk, NPOEKT, KOTOPbIA NO3BONAN NOAro-
TaBnveaTb Npenapartbl MO3ra HECKONbKMX KPbIC OAHOBPEMEHHO, Aenarb Cpe3dbl BCEro
MO3ra, NpOBEpPATL KA4ECTBO UMMNperHauum npenaparta cepebpoM, a 3aTem COXpaHaTb
cpesbl TKaHel B ByTaHone A0 NpubbITUA CTYAEHTOB, Y4TOObI MOMOYb UM OCBOWUTH MUW-
Kpockonuio. K Hallemy paso4apoBaHuio, CNyCcTa Napy Mecaues okasanock, Y4TO BCE
cepebpo 13 06pasuos MCNapunock. Knetkun 661n0 HEBO3MOXXHO PaCCMOTPETb, & NPOo-
€KT B6blN OKOHYaTENBHO MOXOPOHEH.

Ha FopaoHOBCKOM MccnenoBaTensCKom
KOH(bEPEHUMM  MHE  NOCHaCTIMBMNOCH
NO3HAKOMUTBLCA C NPOeccopoM Tumo-
T TainepoMm. OH HegaBHO Nepeses3 CBOMU e
npenapatsl runnokamna n3 Hopserum B Neuron
CLUA n kak pa3 rotoBuncs kK nepeesgy ero
nabopartopum 13 Mapsapaa B HOBYIO Meau-
LUMHCKYIO Wwkony B PyTcTtayHe, wrat Oraio.
A no-npexxHeMmy 6bina yBneyveHa cpesamm
MO3ra W MNOTEHUMANOM WX JKCNEepUMEH-
TanbHOM UEHHOCTW, NO3TOMy pas3padoTana  puc. A
METOZ Cpe30B OKpalleHHbIX Mo onbaxu
npenapartos v nepebpanace B PyTcTayH, 4tobbl paboTaTe BMECTE C NPOGECCOPOM
TalinepoM 1 3a04HO rOTOBUTL CBOKO AOKTOPCKYIO AnccepTaumtio. Tenepb g genana no
OAHOMY Cpe3y W, Kak BUAHO Ha pwuC. A, LUMMNbI AEHAPUTOB U3ALLHO BbIPUCOBLIBANWUCH
Ha npenapate. OgHako paspelueHne CBETOBOrO MWKPOCKOMa He NO3BONANO TOYHO
M3MEPATb KONNYECTBO 1 pas3Mepbl MUHUATIOPHBIX LUMNUKOB.

Bo BpemMs y4ebbl B acnMpaHType A nocellana neTHuin Kypc Hepobuonorum B Mop-
ckomn 6ruonormndeckon nabopartopumn B Byac Xoyn, wrat Maccadycetc. Tam A Bnep-
BblE y3Hana O TPEXMEPHOW 3NEKTPOHHOM MUKPOCKONUM NOCNenoBaTenbHbIX CPEe30B.
W MeHs 370 3auenvno. C NOMOLLLIO TPEXMEPHOW 3NEKTPOHHOW MUKPOCKONMN MOXHO
€034aBaTtb PEKOHCTPYKUMM AEHAPUTOB, aKCOHOB W MK 1 HE NPOCTO BbIYUCNATL N U3-
MepATb AEHAPWUTHbLIE LUMNLI, HO U ONPeaensTb MecTa 06pa30BaHMs CUHAMNCOB MeXAay
HUMW, @ TaKXXe pacnonoXeHue M OTHOCUTENBLHO cuHancos (puc. b). Mnatdopma

Cell Body
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TPEXMEPHON 3NEKTPOHHON MMKPOCKOMUM
NpeaocTaBnana HEBEPOATHbIM  NPOCTOP
ANA OTKPbITUIA. MOs X13Hb 1 BNpeab Obina
nocesaWweHa npoueccy wuay4eHna obpa-
30BaHMA CUMHAMNCOB M WX NNACTUYHOCTW B
npouecce 06y4eHna 1 NamaT B MO3re.
Ha4ano moel kapbepbl NPULLNOChL Ha
NONCTWHE PEBOMIOLIMOHHOE BPEMS B MOSE-
KynspHo#n 6ruonorum, 1 Torga Mano KTo u3
CTYAEHTOB WM AaXe y4eHblX pasgensan mMomn
3HTY31a3M NO OTHOLLEHMIO K TPEXMEPHOWN
ANEKTPOHHOW  MWMKpockonuu.  Npeasss-
TOCTb PE3KO ucnapunacb, Kak TONbKO
y4eHble 0CO3HaNN Ba&XXHOCTb COBMECTHOM
paboTbl MOMEKYNn C BHYTPUKNETOYHbIMU
opraHennamn B TECHbIX NPOCTPaHCTBAX,
Taknx Kak AeHapuTbl U ux wnnbl. K ToMy
)KEe BCE KapTbl HEMPOHHBIX CXEM AOMXHbI
BKMoYaTb cuHancel. Ha puc B nokasaHo
Puc. B HefaBHee TpexMmepHoe u3obpaxeHue,
NONy4eHHOE C MOMOLLBIO 3NEKTPOHHOWN
MMKPOCKONWUKW, C LBETOBOWM KOOMPOBKOW OpraHenn n CUHaNTU4eCcKnx CTPYyKTyp. 31O
JercTBUTENLHO NoTpscaloLwe — ObITh H4acTbio TaKoro cobbiTma. HoBelwmne oTKpbITUS
YKagsblBaloT Ha BaXXHOCTb MNACTUHHOCTN CUHANTUYECKUX CTPYKTYP MO3ra BO BpPEMS
HOpManbHOM ero paboTbl U NPW NOPaXKeHWn 3abonesaHNaMK, KOTOPbIE CTONb ApaMa-
TUYECKWN CKa3bIBAIOTCA HA 4EN0BEYECKOM NINHHOCTW.

3D-EM of Dendrite with Synapses (red) and Organelles

CwHanc

Lenppur

N
AKCOH

Puc. 5.6. CuHantnyeckue B3ammooTHoweHusa B LIHC. (a) Akco-aeHapuTtuye-
CKUIA cuHanc. (6) AkCo-CoMaTU4eCKuUin CUHanC. (B) AKCO-akCoHanbHbI CMHanc
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(a) AKCOHbI (6)

MpecvHanTuyeckas
o\ TepMuHanb

(]
LWnnuk 0020

NOCTCUHANTUYECKOrO
JeHapuTa

[ocTcuHanTuyeckune
3NEMEHTHI

MpecuHanTyeckas
TepMUHaNb
/

AKTUBHbIE 30HbI

Puc. 5.7. PaannuyHble thopmbl U pa3mepbl cuHancos LUHC. (a) Akco-LumnukoBbin
CMHanC: Hebonblan NpecuHanTU4ecKas TepMuHarnb akCoHa KOHTakTUpyeT C nocT-
CMHANTUYEeCKUM AEeHOPUTHBIM WwnnoM. O6paTuTe BHUMAaHWE, YTO NPECUHaNTUHeCKon
TEepMUHANU CBOWCTBEHHO CKOMNEHWe 60oNbLUOro KonuM4ecTsa ny3blpbkos, a ANA Nno-
CTCUMHANTU4ECKUX CTPYKTYP XapaKTepHO Hanuyuve nOCTCUMHANTUHECKUX YMMOTHEHWA.
(6) AkcoH passeTsnseTCs, 06pa3ys ABe NpecuMHanTU4ecKue TepMUHanU, OaHy Kpyn-
Hee, BTOPYIO NOMEHbLLE, KOTOPbIE KOHTAKTUPYIOT C TENIOM OAHOM NOCTCMHANTUHECKON
KneTku. (B) HenpvBbIMHO KPyNHas TEpMUHANL NPECUHANTUYECKOro akCoHa KOHTaKTU-
pyeT 1 OKpy>XaeT NOCTCUHANTUYECKUIA HENPOH. (F) HenpuBbIYHO KpynHas TepMmuHans
NPEeCUHaNTU4ECKOro akCOHA KOHTaKTUPYET C NATLIO NOCTCUHANTUHECKUMU AEHAPUTHbI-
My wrnamu. O6paTuTe BHAMaHNE: KpynHble CUHANChI UMEKOT 60SbLUIE aKTUBHbBIX 30H
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2 &

AcuMMeTpuyHas CuMMeTpryHas

mMembpaHHas MeMOpaHHas

nnddepeHumaums nnbdepeHumnaums
(a) (6)

Puc. 5.8. sa supa aucpchepeHunayum membpaH B cuHancax LIHC.
(a) Cunancel | TMNa no Mpeto 06bI4HO aCMMMETPUYHBIE U BO36YXAAKOLLME.
(6) CvHance! Il Tvna no Mpero CUMMETPUYHbIE U 06bIMHO TOPMO3ALLME

HedpombiweyHoe coeAUHEHHE

CuHanTu4eckue CBA3M MPUCYTCTBYIOT U 3a npeaenamu IITHC. Hanpuwmep,
aKCOHbI aBTOHOMHOI HEPBHOM CUCTEMbI HHHEPBUPYIOT XKeJie3bl, IJIaJKHe MbIII-
LbI ¥ cepale. XMMHUYECKHE CUHAIIChI TaK)Ke BO3HUKAIOT MEX Yy aKCOHaMH MOTO-
HEIPOHOB CIMHHOTO MO3Ta M CKEJIETHBIMU MbIIILIAMH. TaKol CHHAIIC HA3bIBAIOT
HeHPOMBIIIeIHbIM COeJUHEHNEM, U €My CBOMCTBEHHbI MHOTHE CTPYKTYPHbIE
oco6eHHOCTH xumuyeckux cuHancos IJHC (puc. 5.9).

Ilepenaya B HEIIPOMBIIEYHOM CHHAICE IMPOUCXOJUT OBICTPO M HAJEXKHO.
IToTenunan geicTBUA ABUTaTEJIbHOTO HEMPOHA BCErja NPUBOIUT K BOZHUKHO-
BEHMIO NOTEHIUAIA JEHCTBUA B UHHEPBUPYEMOI UM MbIIIEYHOH KiIeTKe. Ya-
CTUYHO HaJEeXHOCTb OGECIEeYNBAETCS CTPYKTYPHBIMU OCOGEHHOCTSAMHU HEUPO-
MBILIIEYHBbIX coeAMHeHUH. OAHON U3 BaXKHEHIINX OCOGEHHOCTEN fABJISETCSA UX
pasmep — 3TO OJHM M3 CaMbIX KPYMHbIX CUHAICOB B Teje. [Ipecunantuyeckas
TEPMHUHAIb TAKXE COAEPXKHUT OOJIbIIOE KOJUYECTBO aKTHUBHBIX 30H. ITomumo
IIpOYero, MOCTCUHANTHYECKAasd MeMOpaHa, Ha3blBaeMas 3J€Ch JBMraTeJIbHOH
KOHEYHOM IUTaCTMHKOM, COAEPXUT HECKOJbKO HEGOJbUIMX YIIyGleHUH. Ax-
TUBHbIE 30HBI IPECUHANITUYECKOI1 MEMGPaHbI PaCIOJIOXKEHbI IPSIMO HAIIPOTUB
3THUX YIJIYGJIE€HUH, a MOCTCUHANTHYecKas MeMGpaHa Ha JiHe yriyGaeHUi HamoJl-
HeHa G0JIbIIMM KOJIMYECTBOM PELENTOPOB K HeifpomeanaTopaM. Takoe cTpoe-
HHE NO3BOJIAET GOJIBLIOMY KOJIMYECTBY MOJIEKY/I HEHPOMEANATOPOB BbIACIATD-
Csl B MECTA C BbICOKOI1 UyBCTBUTEIbHOCTBIO IOCTCUHANTUYECKOH MEMOPaHBI.

H3-3a TOro uTo HeifpoMbllleYHble CUHAICHI 60JIee JOCTYIHbI IS U3yYEeHUs
ydeHbIMH, yeM cuHanchl IITHC, Gonpmas yacTh HalIMX 3HAaHUH O MEXaHHU3Me
CHHANTHUYECKOH nepejayn Obljla U3HAYAILHO MOJyYeHa UMEHHO oT Hux. Heit-
POMBIIIEYHbIE CHMHAIChl TaKXe MMEIOT 6OJbIIOoEe KIMHMYECKOE 3HAauYeHMeE: Je-
KapCTBa, TOKCUHBI U 60JIE3HH, BINAIOLIYE Ha HUX, HAIIPSAMYIO BO3AEICTBYIOT Ha
XU3HEHHbIE (PYHKIIUU OpPraHu3Ma.
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[BuratensHbIin HEMPOH

MvenvH

AKCOH

HelipombilueyHoe .~
coeuMHeRne

CuHanTtnyeckue

ny3bIpbkL

AkTUBHas 30Ha
CuHanTuyeckas

Lenb \'{

Peuentopsb!

Cknagka
cuHanca | T

MNpecuHantyeckme  OBnacTb MocTcuHanTyeckoe
TEPMMHANN [BUratensbHoi MbILWEYHOE BOMOKHO
KOHEYHOM NNacTUHKM

Puc. 5.9. HepombiweuHoe coepuHeHune. MNocTcuHanTMyeckas membpaHa, u3BecTHas
30€eCb KaK ABuratensHas KOHeYHas NNacTuHKa, CoAepXuT yrnybneHus ¢ 60nbLLIMM Konuye-
CTBOM pELEenTopOoB K HeripomeanaTopam
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NPUHUMMNBI XUMUYECKOW CUHANTUYECKOW
MEPEOAYN

JlaBaiiTe pacCMOTpUM OCHOBHblE TPEGOBaHMA K XMMHYECKOH CHHANTHue-
ckoil nepenave. JIoJxKeH CymecTBOBaTh MEXaHMU3M JJIS CUHTe3a Heiipomejaua-
TOPOB U UX YNAKOBKU B CUMHANTUYECKHE Ny3bIPbKY; MEXAHU3M, BbI3bIBAIONIMI
BBIGPOC COJE€PAKUMOro My3bIpbKOB B CUHANTUYECKYIO IeJIb B OTBET Ha IPeECH-
HaNTUYECKUIT MOTEeHIAN AefICTBUS; MEXaHU3M, OTBETCTBEHHDII 32 BO3HUKHO-
BEHME 3JIEKTPUUYECKOI MJIM GHOXMMUYECKOH peaklUu B MOCTCUHANTHYECKOM
HellpOHe; U MeXaHU3M JJIA YAalIeHUs HeiipoMeauaTopa M3 CHHANTHYECKOI
meau. A 115 3¢pEeKTUBHON YYBCTBUTEIbHOCTH, BOCIIPUATUS U KOHTPOJISA ABU-
XEHMI 3TU BCE NPOLECCHI JOKHbI MPOUCXOJAUTh OYEHb GBICTPO, B T€YEHUE
muwuMcekyH. HeyaupurenbHo, 4To pU3NOIOrU U3HAYAILHO CKENTHYECKU OT-
HOCHUJIMCh K HATMYUIO XMMUY€ECKUX CUHAICOB B MO3Ty!

K cuacTbio, 61arogaps HECKOJbKUM AECATUJIETUAM HCCIENOBAHUII 3TOrO
BOIIPOCA Mbl CETOJHSA NOHUMAEM, HACKOJbKO 3((PEKTUBHO BBINOJHSAIOTCSA BCE
3JIEMEHTBI CHHANITUYECKOM nepeaayu. 3aech 6yeT NpUBEJEH KOPOTKUIA 0630D
OCHOBHBIX NPUHIUIOB. B rnase 6 Mbl Nopo6GHEE PACCMOTPUM KaXXAbIi MeAHUa-
TOP U MX CITOCOGBI IOCTCUHANTUYECKOTO BO3AEICTBUA.

Henpomeauartopsl

Co BpeMeHU OTKPBITUS XUMUYECKOH CHHANITUYECKOI! ITepeflaul UCCIe10Ba-
TeJIM HAXOAAT HOBble HelipOMeAaTOPhI B MO3ry. B HaleM TekyueM nOHUMaHuN
BC€ OCHOBHbIE HEPOMEANATOPbI IPUHAJJIEXKAT K OJHOI U3 TPEX OCHOBHBIX Ka-
teropuit: (1) amunoxuciomot, (2) amunse num (3) nenmude. (Taba. 5.1). Hekoro-
pble IpeJCTaBUTENN 3TUX KaTeropuil nokasaHel Ha puc. 5.10. AMUHOKHCIIOT-
Hbl€ 1 AMUHOBbIE HEPOMEAUATOPBI — 3TO HEGOJIbIINE MOJIEKYJIBI, COJEPIKaLILe
1o KpaiiHeil Mepe OAMH aTOM a30Ta, ¥ OHU HAXOJATCS B CHUHANTHUYECKUX IIy-
3BIPBKAX U BBIAEJSIOTCS U3 HUX. [lenTuaHbIe HelipoMeUaTOPbl — 3TO KPYIHbIE
MOJIEKYJIbI, LIeMIM aMHUHOKHUCJIOT, KOTOpPbl€ XPaHATCS B CEKPETOPHBIX TPaHyJax
U BbIEIAIOTCA U3 HUX. Kak yxe roBopuioch paHee, CHHaTHYECKHE ITy3bIPbKU
YacTO BCTPEYAIOTCS B OJHON TEPMUHAIN aKCOHA C CEKPETOPHBIMH IPaHyJIaMM.
Crenys U3 3Toro HabGJIOJEHHUs, MENTHAbI YaCTO INPHUCYTCTBYIOT B TEPMUHAIAX
aKCOHOB, COZiepXallliX aMUHOBbIE U aMUHOKHUCJIOTHbIE HefipoMmeauaTophl. Kak
Bbl BCKOpE Y3HaeTe, pa3JMYHble HEipOMEIUaTOPbI BbIAEIAIOTCSA B CHHAIIC IPU
PA3TMYHBIX YCIOBUSX.

PasHble HellpoHBI MoO3ra BbIJEJAIOT pa3Hble Heiipomeauatopbl. Cko-
POCTb CHHANTHYECKON NepeAadd 3HAYUTEJbHO BapbupyeT. BricTphie ¢op-
Mbl CMHANTHYECKOIl nepejauu gaarca okojo 10-100 mMc, u B GoJIbIIMHCTBE
cuHancos ITHC npoucxoasT nocpeicTBoM aMHHOKMCJIOT rayTramaTta (Dmy),
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ramMma-aMuHoMacaaHoi kuciaoTel (TAMK) n mmnuna (Immm). ITocpeactsom
aMuHa aneTmiaxounHa (AX) NpOUCXOUT ObICTpasi CHHANITHYeCKas nepeaayda
BO BCEX HEIIPOMBINIEYHBIX COEJUHEHUAX. MeaieHHble (GOpPMbI CHHANTHYE-
CKOIf nepeJja4u MOTyT JJIUTbCSA OT COTHH MMJIMCEKYHA JO MUHYT; OHU MOTYT

Bo3HuKaTh B LJHC u ITHC c yuyacTueM HeifpoMeIuaTOpPOB U3 BCEX TPEX KaTe-
ropuii.

COOH COOH
H, H,
H, th,
NHZ—(‘)H—COOH NH2—(|2H NH,—CH,—COOH

(a) [nytamat [ uumH

0 oMy
CH, —C—0—CH,—CH, —N*—CH,
|

(6) AX HA

@ VYrnepon
© Kucnopog
© Asor
O Bomopon
Apr TMpo Jma Mpo TnH MnH e den T Neit Met O Cepa

(8) Cy6cTaHums P

Puc. 5.10. NMpuMepbl HepomeaUaTopoB. (a) AMVUHOKUCNIOTHbIE HEeMpoOMeanaTo-
pbl rnyTamud, FAMK v rnvuuH. (6) AMUMHOBBIE HepoMeauaTopb! aueTUNXonvH U
HopagpeHanuH. (B) MenTuaHbIn HerpomeanaTop cy6cTaHuma-P. (A66pesuaTtypbl U
XUMUYECKYIO CTPYKTYPY aMWHOKMCNOT B COCTaBe cy6cTaHuun-P cM. Ha puc. 3.4, 6)
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Ta6nuua 5.1. OcHOBHblE HeVipoMeaMaTopbI

AMWHOKUCANOTbI AMUHBI MenTtuabl
MaMma-ammHomMacns-  AuetunxonuH (AX) XoneuncTtokmHuH (XUK)
Has kucnota (TAMK)
MmyTamar (Mny) HocbammH (OA) OvHopdounH
Mmuuwn (Mn) AppeHanuH OHkedanmHbl (3HK)
M'mctamuH N-auetnnacnaptunrnytamar (NAAI)

HopagpeHnanvH (HA)  Hewponentna-Y

CepoToHuH (5-1'T) ComarocTaTtuH
Cy6cTtaHuus-P
TMPEOTPONUH-PUNNIUHT-TOPMOH

Ba30aKTNBHbIN MHTECTUHANbHDIN
nentua (BVM)

CuHTE3 1 XpaHeHWe HepomMeaMaTopoB

JI11 XxMHU4YecKoll CHMHANTUYECKOil nepejayn TpeGyeTcs, 4ToObl HeiipoMe-
AuaTop GbLI CHUHTE3UPOBAH U TOTOB K BHICBOGOXAEHMIO. PasHble HeifpoMeaua-
TOpbl CUHTE3UPYIOTCS pa3HbIMU NyTsaMHU. Hanpumep, riyraMaT ¥ DIMLMH NPU-
HaJIexat K yuciay 20 aMMHOKMCIOT — CTPOUTE/IbHBIX MaTEPHUAJIOB JJIs1 GEJIKOB
opraHuaMa (puc. 3.4, 6); cieaoBaTeIbHO, 60JIbIIOE UX KOJUYECTBO HAXOAUTCS B
KJIeTKaX OpraHu3Ma, B TOM uucJje B HeifpoHax. TAMK 1 aMuHbI, HAIIPOTUB, CHH-
TE3UPYIOTCS NIAaBHBIM 00pa30M HEIIPOHAMM, KOTOPbI€ UX BBIAEJSIOT. DT Heil-
POHBI COiepKAT 0COObIE (DEPMEHTBI, KOTOPbIE CHHTE3UPYIOT HeiipoMe uaTophl
U3 Pa3JNYHBIX METAGOJIUYECKUX IpealIeCTBEHHUKOB. PepMEHTBI, CHHTE3UpY-
IOI[Me AMUHOKHCJIOTHbIE 1 AaMUHOBBIE HelpOMeJUaTOPbl, TPAHCIIOPTUPYIOTCS
K TEPMHHQISIM aKCOHA, I'ie OHU GbICTPO M JIOKAIBHO YIPABJIAIOT CHHTE30M Heil-
pomenuaTopa.

ITocne cuHTE3a B UTO30JIe TEPMUHIM AaKCOHA aMHMHOKHCJIOTHBIE U aMU-
HOBble HeHpOMeIuaTOPbl JOJDKHBI IONACTh B CHHANTUYECKHE Ny3bIpbkH. 3a
HaKOIUIEHHE 3THUX HeHpOMeAUaTOPOB B CHHANTHYECKUX My3bIpbKaX OTBEYAIOT
TIePEeHOCIUKM — 0COOble GEJIKH, BCTPOEHHbIE B 060JOUYKY CHHANTUYECKUX ITy-
3BIPbKOB.

Jl1s CMHTEe3a U HaKOIUIEHHUS NENTH/IOB B CEKPETOPHBIX IPaHyJIaX HCIIOJIb3Y-
€TCs1 HECKOJIbKO MHOIt MexaHu3M. Kak Mbl y3Hauu u3 maB 2 u 3, nmentuisl o6-
PasyloTcs, KOria aMHHOKHCJIOTBI CBSI3bIBAIOTCS MTOCJIEA0BATEIbHO PUGOCOMAMU
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B TeJsle KIETKU. B cilyyae ¢ menTuAHbBIMH HeflpoMeJuaTOpPaMU 3TOT MPOLECC
IPOMCXOAUT B Iepox0BaTOM JP. OGLIUHO JIMHHBINA NENTH]], CHHTE3UPYEMBIii
B mepoxosatoM JP, pasaenseTca B kommekce JoJbkH, a2 MEHBIIMIT U3 ABYX
(pparmMeHTOB COGCTBEHHO U ABJIAETCS aKTUBHBIM nenTuaoM. CekpeTopHbIe rpa-
HYJIbI, COJiepKalliye NeNTUAHbIN HeiipoMeaHaTOp, OTIIOYKOBBIBAIOTCS OT KOM-
n1exca [o/Ib KU U NepeHOCATCA AaKCOHHBIM TPAHCIIOPTOM K TEPMUHAIH aKCOHA.
Ha puc. 5.11 nokasaHo cpaBHeHHE CHHTE3a U HAKOILIEHUS aMUHOBBIX M aMHHO-
KHUCJIOTHBIX HEPOMEANATOPOB C CHHTE30M U XpaHEHHEM NEeNTUIHBIX HeHpo-

ME€IHUaTOPOB.

benok-

NPELWECTBEHHUK .
CvHanTuyeckuin

AKTUBHBI NENTUAHBIA NY3bIpEK X,
He/ipomeamaTtop

© ®

CekpeTopHble
rpaHybl
Komnnekc

lonbaxu Monekyna-
NpedwecTBeHHua

©0) l CuHTE3UPYIOLNN
depmeHT
Monekyna
HevipomeavaTopa
Benok-
nepeHocymK

LLlepoxoBarsiit P

(a)

CuvHanTnyeckuit
ny3bIpeK

(6)

Puc. 5.11. CuHTe3 n xpaHeHue pa3HbiXx TUNOB Helipomeauatopos. (a) MenTuabi:
1) NnenTMA-NPEALECTBEHHUK CUHTE3UPYeTCs B LLEPOXOBATOM 3HAONNA3MaTU4ECKOM peTu-
Kynyme; 2) nentua-npealwecTBEeHHUK B KOMNNekce Monbaxu pasgensertcs, B pesynsraTe
Yyero o6pa3yeTcs akTVMBHbIM HerpomeamaTop; 3) CeKpeTOpHble My3bipbkK, CoAepXalive
nenTua, OTNOYKOBBLIBAIOTCA OT KOMNneKca [onbaxu; 4) CeKpeTopHbIE rpaHy bl NepeHOCATCA
AKCOHHbIM TPAHCNOPTOM K TEPMUHANAM aKCOHa, rAe OHN U XPaHATCA. (6) AMUHOBbIE U amK-
HOKMCNOTHbIE HerpomeanaTopbl: 1) hepMeHTbI B UMTO30/1e NpeotpasyioT MONeKynbI-npea-
LUIECTBEHHUKM B MONEKY bl HEMPOMEAMaTopoB; 2) 6eNKn-NepeHoCYMKN YKNaabIBatloT HEeMpo-
MeauaTopbl B CUHANTUHECKUE Ny3bipbkU B TEPMUHANAX aKCOHA, MAE Te U XPaHATCA
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BbicBo60XAEHME HEMPOMEANATOPOB

BricBOGOMAEHHE HeiipoMeanaTopa 3alyCKaeTCs MOCTYIUIEHHEM IOTEHLHU-
aJjla JeiicTBUsl B TEPMHMHAJb aKcOHa. Jlemossipusanys MeMOpaHbl T€PMHUHAIN
BBI3BIBA€T OTKPBITHE MOTEHIMAI-3aBHCUMbIX KaIbIIMEBbIX KAHAIOB B AKTHUB-
HBIX 30HaX. 3T MeMOpaHHbIe KaHAJIbl OY€Hb IIOXOXKH HAa HaTpHEBble KAaHAJIbI,
pPaccCMOTpEHHbIE B IVIaBe 4, ¢ TOIf JHUIIb pa3HULEid, YTO OHU NPOHULIAEMBI IS
noHoB Ca?', a He Na*. Ha noHbI Kanbuus JAeHCTByeT GOJIbLIAsS CUJIA, 3ACTaBJIAIO-
Ias UX ABUraThCSl BHYTPb. BcmoMHMTE, UTO BHYTPEHHAS KOHLIEHTPAIUs HOHOB
KaJbLusa — [Ca?’]i — oueHb Hu3Kas ¥ paBHa 0,0002 MMOJIb; TO3TOMY KaJIbLIMIA
3aN0JIHAET UTOIUIA3MY TEPMHHAIN aKCOHA JIO Te€X IIOp, MOKAa OTKPBIThI Kalb-
nueBble KaHaTbl. Bosuukiee BcieacTsue aToro ysenundenne [Ca®], apasercs
CUTHIOM, IPUBOASILINM K BbICBOGOXKJIEHUIO HEHIpOMENAaTOPOB U3 CEKPETOP-
HBIX I'PaHYyJL

IIpouecc BbIAeI€HUSA U3 CUHANITUYECKUX NY3bIPbKOB MX COAEPKUMOTO Ha-
3BIBAETCS IK30IMTO30M. MeMOpaHa CHHANTHYECKOTO My3bIpbKa CIUBAETCS C
IpeCUHANTHYeCKOil MeMGPaHOil aKTUBHOIi 30HBI, MO3BOJIsAS HeilpoMeauaTo-
paM MomnacTb B CHHaNTHYecKyIo meb (puc. 5.12). McciaepoBaHus rUraHTCKUX
CHHAICOB HEPBHOI1 CUCTEMbl KajlbMapa IOKa3alH, YTO 3K30LUTO3 CHHANTU-
YeCKHUX My3bIPbKOB MOXET IIPOUCXOJUTH BeCbMa GBICTPO, CIYCTsI BCEro 2 Mc
Iocjie IPOHUKHOBEHUSI NOHOB KaJbliUsl B TePMUHAIb. CHHANCHI MJIEKONUTA-
IOIUX, TEMIIEPATypa Teja KOTOPbIX OOBIYHO BbILIE, YEM Y KaJbMapa, AeiCTBY-
IOT ele GhICTpee. JKIOLUTO3 MPOUCXOAUT TaK GBICTPO Giarojaps TOMY, YTO
KIbLIMI1 IPOHUKAET B aKTUBHbBIE 30HBI KaK Pa3 B T€X MeCTax, Iie CHHANTHYe-
CKH€ Ny3bIPbKH YK€ TOTOBBI M OXHUAAIOT BBICBOGOXKIEHUS CBOETO COJEPKIMO-
ro. B Takux JIOKaJIbHBIX “MUKPOAOMEHAX” BOKPYI aKTUBHBIX 30H KOHLIEHTpa-
LMS KaJIbLMS MOXET JOCTUTaTh OTHOCUTEJIbHO BBICOKMX IOKa3aTeeil (6oyee
0,01 MMouB).

Mexanuam, nocpeacTsom kotoporo [Ca® ], cTUMyJIMpYeT 3K301UTO3, Ceitdac
MHTEHCUBHO u3ydaeTcsi. CKOpOCTb BBICBOGOXIEHHUS HelipoMearnaTopa I0o3BO-
JISIeT NMPEJIOJIOKUTh, YTO B IIPOLIECCE YYACTBYIOT My3bIPbKHU, 3apaHee “3aKpen-
JIEHHble” Ha aKTUBHBIX 30HaX. CUMTAETCs, YTO 3TO 3aKpeIUIEHHE IIPOUCXOAUT
6s1arofaps B3aUMOJEHCTBUAM MeX Ay GeJIKaMi MeMOPaHbl CUHANITUYECKOTO ITy-
3bIpbKa U GeJIKaMH, PacroJIOKE€HHBIMH 110J, aKTUBHBIMM 30HAMHU IPECUHANTH-
yeckoit meMGpaHbl (Bpeska 5.3). B ycoBusx eicokoit [Ca?], aTu Geku uame-
HSIIOT CBOIO TPOCTPAaHCTBEHHYIO CTPYKTYpY, IO3BOJISAA CIUTbCA pochoaunuaam
Iy3bIpbKa U IPECHHANTHYECKOi1 MeMOpaHbl, TEM CaMbIM OGpa3ys Iopy, 4epe3
KOTOPYIO HEHpOMEJUaTOpP M BBIXOJAUT B CHHANTH4Yeckylo mweib. OTBepcTue
3TOM MOpbI NPOAOKAET PACIIUPATHCA A0 TEX IOp, NOKa MeMOpaHa CMHANTH-
YEeCKOTo My3bIpbKa IOJHOCTBIO HE BCTPOMTCS B IPECHHANTHYECKYIO MeMOpa-
Hy (puc. 5.13). MemGpaHa ny3bIpbKa 3aTeM BOCCTAHABJIHBAE€TCS B IpoLiecce
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SHJOIMTO32a, a MICIOJb30BaHHbII1 Ny3bIpeK MOBTOPHO HAIIOJIHAETCS HeipoMe-
auaTopoM (puc. 5.12). B nepuoabl npogoXUTEIbHOI CTUMYJISALIMU Ny3bIPbKU
MOGMIM3YIOTCS U3 TaK Ha3bIBAEMOrO “pe3epBHOrO IyJja”, CBI3aHHOTO C IIUTO-
CKE€JIETOM B TEPMUHIN aKCOHA. OTAeNeHUEe 3TUX MYy3bIPbKOB OT IIUTOCKEJIeTa
U 3aKpeIUIeHME MX Ha aKTHUBHBIX 30HAX TAKXX€ MHUIMMPYETCS IOBbIIEHHEM
[Ca*]

i

[pecnHanTuyeckas knetka

CuHanTuyeckuit

CvHanTuyeckas
wenb

se’ 8 g
o Nogle ©
|

\

loTeHuman-3aBncUMbIin Monekynbl
kanbLMeBbIn KaHan He/ipomeamatopa

8
w

[ocTcuHanTuyeckas knetka

Puc. 5.12. BoicBO60XAEHUE HepoMeamnaTopa NyTem 3k3ouuTo3a. (1) CuHanTuyeckui
ny3blpek, 3anoNiHEeHHbI MeANATOpOM, B OTBET Ha (2) nocTynnexue Ca?* no noTeHumnan-3a-
BUCMMbIM KanbuMeBbIM KaHanam, (3) BblaensieT CBoe COAEPXMMOE B CUHANTUYECKYIO LeNb
nyTem CrmaHua MemopaHbl Ny3blpbka C NPeCcUHanTU4eCcKko MeMopaHow, a 3atem (4) Heinpo-
MeauaTop 3axeaTbiBaeTCs 06paTHO NyTem 3HAOUMTO3a

CekpeTOopHbIe TPaHyJIbl TAK)XE BbIJEJIAIOT MENTHUAHbIE MEAUATOPBI MyTeM
9K301IMTO3a KUIbLIMH-3aBUCMBIM CIIOCOGOM, HO OOBIYHO 3TO IPOUCXOAUT HE
B aKTUBHBIX 30Hax. }3-3a TOro, 4TO 3K30LIMTO3 CEKPETOPHBIX TPaHyJ IPOUC-
XOJAUT HAa HEKOTOPOM PacCTOSIHMM OT MecT moctymieHus Ca?, mentuaHsle
HelfpoMeuaTOPbl OGBIYHO BBIAEIISIOTCS HE HA KaXK/blif IOTEHLM A AeHCTBU,
Jomeamui 10 TepMuHanu. Hao6oport, 4 BblJeJ€HUs MENTUAOB OOBIYHO
TpebyeTcss BLHICOKOYACTOTHASA MOCJIEJ0BATEIbHOCTD NOTEHIUAIOB JeHCTBUS,
uTo6bI [Ca®'], BO BCeil TEPMUHAIM TOCTHUIIA YPOBHS, TPEGYEMOTO ISl MHUIIHA-
LIMH BbICBOGOXAEHUS HEPOMEANATOPOB BAAIM OT aKTUBHBIX 30H. B oTiinune
OT GBICTPOTO BBICBOGOXK/JEHUS AaMUHOKUCIOTHBIX U aMHUHOBBIX HellpoMeua-
TOPOB, BblJeJIEHNE NENTUAO0B — IPOIECC HETOPOIIMBLIT U 3aHUMaeT 50 Mc
WM GOoJIblIE.
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MpeanonoXuTenbHo
KanbLUyEBbLIE KaHaNbI

Mopa
3K30UMTO3HOrO
CIMSHNS

(6)

Puc. 5.13. Tak BbIrnaauT BbifeNeHne HeMpPoMeaUaTopoB CO CTOPOHbI peuen-
Topa. (a) 310 choTorpachms HapyXHOW NOBEPXHOCTU HEMPOMBILLEYHOrO CoeanHe-
HUA Y Xabbl. “KpynuHkU” — 3TO KanbuueBble kKaHanol. (6) Ha aTom n3obpaxeHun
npecuHanTu4ecKas TepMUHans CTUMyNMpOBaHa A NfA BbIAENEHNA HeripomeauaTopa.
B MecTax cnusaHuA Ny3bIpbKOB C NEPCUHANTUYECKON MEMOPAHON U BblAENEeHUA Hel-
pomMeanaTopoB BUAHBI NOPbl 3K30UMTO3HOMO CAIMAHUA
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Kak nonmatb nysbipek

[poxokn — 3TO OQHOKNETOuHbIE Opra-
HW3MbI, KOTOPbIE B AOMALLUHEM XO3ANCTBE
LIEHATCA 32 CNOCOBHOCTb MOAHMMATL Te-
CTO 1 (DEPMEHTUPOBATL BUHOrPafHbIA COK
B BMHO. YTO npvMmevaTenbHoO, CKPOMHbIE
OPOXOKM UMEIOT TECHOE CXOACTBO C XM-
MWYECKUMM CuHanNcamMn B Halem MO3re.
HepaBhve wnccnenoBaHus nokasanu, Y1o
6enku, ynpaensiowmMe Cekpeumein B KneT-
Kax APOXXen M B HempoHax 4enoseve-
CKOr0 M03ra, UMeT N1Wb MWHUManbHbIEe
pasnu4us. Cyas no BCeMy, 3TW MONEKynbI
HacTOMbKO LUMPOKO MWCMOMb3YIOTCH, YTO
OHM COXPaHUMMCb Ha NPOTHKeHun Bonee
MUNNMapAa net 3BOMOLUMK U pacnpocTpa-
HUNMCb NO BCEM KNETKAM 3yKapuoTOB.

CyTb cTonb ObICTPOM CUHANTUHECKOM
nepegaqn 3akniovaeTcs B OOCTaBKe Cu-
HaNTU4eCKOro nysblpbka C Herpomeauva-
TOPOM K HY>XHOMY MECTY Ha npecuHanTu-
4Yeckor MembpaHe, a 3aTem B MHMUMALUM
ObICTPOr0 WX CNUSHWA B HYXXHOE BPEMS,
KOrAa NoTeHuman AencTBvs B TepMuHanu
€03[acT NoBbILEHWE KOHUEeHTpaumm Ca?
B UMTO30ne. JTOT NPOUECC 3K3oumTOo3a
ABNAETCH YaCTHbIM cny4Yaem 6onee obLue-
ro ABNEHWA — MeMOPaHHOro TPaghuKmH-
ra. Knetka umeetr MHOro Bmaos memobpaH,
BKMO4asa MembpaHy KneTku, sapa, 9HAO-
nna3mMatn4eckoro peTvkynyma, koMmnnekca
Fonbmxun u gpyrux opradenn. Bo nabexa-
H/E BHYTPUKNETOYHOrO Xaoca, kaxaas u3
3TUX MeMBpaH AOMKHA PACMONOXUTECS Ha
CBOEM KOHKPETHOM MECTE BHYTPW KNETKM.
[Mocne poMKHOro PacnoNOXeHWsa OAVH Tvn
MeMbpaHbl 3a4acTylo TpebyeT CrmaHus C
apyrumm - MembpaHamu.  MonekynspHbii
MexaHu3m Obln passuT cneuvansHo Ans
[OCTaBKM M CNMAHWA 3TUX MeMOpaH, a He-
6onbLUME pa3NnMYna MONEKyn onpeaensior,
Kak 1 koraa 6yaeT NpoMcxoanTs MembpaH-
HbI TPA OUKKHT.

Ha nepeaHem Kpae Hayku

Heiipomeauatop [ysbipek  CuHantotarmMuH
|

Membpara

t-SNARE-6enku ny3bipbka

6enok

coonceribony

{ ” Peocony

sasasset a

! = [
MembpaHa npecuHanTyeckon  Kanbuuesbii
TepMuHanu KaHan

Puc. A. benkn SNARE 1 cnusHue ny-
3bIpbka
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Cneundmnyeckoe cBA3biBaHWE U CnnsHWe MembpaH, BEPOATHO, 3aBUCKUT OT 6en-
koB cemeiictea SNARE', BnepBble HaideHHbIX B KneTkax apoxoken. A66pesuartypa
SNARE cnuwkom 3anyTaHHas, 4Tobbl paclumdpoBeiBaTh ee 3aech. AT 6enkmn No3so-
NS0T OfHOM MembpaHe xBaTatbea 3a apyryto. Bce 6enkn SNARE mmetoT nunodoune-
HbIi KOHeU, KOTOPbI 3akpennseT ux Ha docdonmnugHon membpaHe, U ANUHHBIA
XBOCTWK, BbICTYNnalowuin B umtonnasmy. CuHantu4eckue nysbipbku nmeioT “v-SNARE”
6enku (vesicle — ny3bipek), a knetodHas obonodka umeet “t-SNARE” 6enku (target
membrane — uenesas MembpaHa). LnTo30nbHble KOHUbI 3TUX ABYX KOMNNEMEHTapPHbIX
TUNOB 6eNKOB CNOCO6HBI 04EeHb TECHO CBA3LIBATLCSH, MO3BONAA NY3bIPbKY “3aKpennaTh-
ca" NUWb B HENOCPEACTBEHHOM 6AM30CTW OT NPECUHANTUYECKON MeMBpaHbl 1 HUrae
6onbLue (puc. A).

XoTta komnnekcbl v-SNARE-t-SNARE SBNSAIOTCA OCHOBHbIM COEAVHEHWEM MEXAY
MeMBpaHoi Ny3blpbKa 1 Leneson MemMbpaHol, K 3TOMY KOMNNEKCY KPEnUTCs Ypeasbl-
4YarHO MHOrO APYrmMx NpecuHanTuieckmnx 6enkos. OYHKUMN KaXAOoro U3 HUX Ham eLle
He BNOMHE NOHATHbLI, HO cuHanToTarMmH, 6enok MembpaHbl Ny3bipbKa, ABNSETCA rNaBs-
HbIM ceHcopoM Ca?*, KOTOopbI BbICTPO 3anyckaeT cnuaHue MemobpaH u BblaeneHmne
HepoMegunaTopa. Ha cTopoHe npecuHanTU4eckon MembpaHbl KanbUmnesble KaHanbl
MOryT 06pa3oBaTb CTbIKOBOYHbIE KOMMNEKChI. [TOCKONbKY KanbumeBble KaHanbl pac-
NONOXeHbl 04eHb BNN3KO K 3aKPENNEHHbIM CUHANTUHECKUM NYy3bipbKaM, NOCTYNNeHue
Ca?* cnoco6bHO BbI3bIBATL NOPA3MTENLHO BLICTPOE BbIAENEHWE HelMpoMeanaTopa —
BCero 4epesd 60 MKC B CMHancax MNeKonuTatoLmx Npy CBOMCTBEHHOW UM Temnepary-
pe Tena. B MO3re npucyTCTBYIOT HECKONBbKO Pa3HbIX BUAOB CMHANTOTarMMHOB, CPEeamn
KOTOPbIX OAWH CNeuMann3npyeTca UCKNIYUTENbHO Ha ObICTPO CUHANTUHECKOW ne-
penade.

'Ot aura. Soluble N-ethylmaleimide-Sensitive Factor Attachment Protein Receptor— pacTBOpUMBIit
YyBCTBUTENbHBINA K N-aTHIManenmusy pakrop, obecneunsaouuii npukpeniesue 6e-
KOB. — IThumeu. peo.

PeuenTtopbl 1 achchekTopbl HeMpomeanaTopoB

HeitpomennaTopsl, BblAesisieMble B CHHAIITUYECKYIO II€JIb, BIUSIOT HA MOCT-
CUHANTUYECKUIT HEHPOH 6J1aroJjaps CBA3bIBAHUIO CO CNENM(PUIECKUMH pelen-
TOPHBIMU GeJIKaMM, IPOHU3BIBAIOIUMH IIOCTCHHAITUYECKOE YIUIOTHEHHE.
Cas3bIBaHME HeHpOMEIHATOpPa C PEelenTOpOM HAallOMHUHAET BBEJEHHE KIIOYa
B 3aMOYHYIO CKBOKHHY; 3TO IPUBOJUT K CTPYKTYPHBIM U3MEHEHUAM GeJlka, 3a-
CTaBJisAs ero yHKIHOHUPOBaTh No-apyromy. HecMoTps Ha To 4yTO cymiecTByeT
6oJiee 100 pa3aMyYHBIX PELIENTOPOB K HEpoOMeJUaTOpaM, BC€ X MOXXHO pas-
JeJIUTh Ha JiB€ TPYIIIbL: MeJUATOP-3aBUCHMbIE MOHHbIE KaHAIbl U PELIENTOPHI,
conpsixeHHble ¢ G-6eKoM.
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MepauaTop-3aBUCHMbIE MOHHbIE KaHaNbl

PenenTopsl, U3BeCTHbIE KaK MEANATOP-3aBUCHMble HOHHbIe KaHaJIBI — 3TO
MpOHU3bIBAlONINE MEMOPaHyY 6eJIKH, cocTosmue u3 4-5 cyobeANHUL, KOTOpble
06'beAMHEHBI TAKUM 06pa30M, YTO MEXAy HUMHU o6pa3syeTcs nopa (puc. 5.14).
B HopMe npu oTCyTCTBUM HelipoMeuaTopa nopa 3akpbita. Korga Heitpomenua-
TOp CBSI3BIBAETCSI C OCOOOI TOYKOI Ha BHEIIHEHl CTOpPOHE KaHaJjla, BO3HUKAEeT
KOHPOpMAYUOHHOE USMeHeHUE — HEOOJIbIIIOE U3MEHEHHUE B CYGbeJUHUIAX — 6J1a-
rozapsi KOTOpOMy B Te€4YeHHe HECKOJBbKHX MIULUIMCEKYH] Mopa OTKPBbIBAETCH.
dyHKUMOHANbHbIE ITOCJIEACTBUS 3TOrO 3aBUCAT OT TOrO, KaKHe HOHbI CTIOCOGHDI
IPOHUKATh Yepe3 3Ty Mopy.

Lintonnasma

(6)

Puc. 5.14. CTpoeHne meauaTop-3aBUCUMOro MOHHOro KaHana. (a) Bupg c6oky Ha
AX-3aBUCUMBIA MOHHBIA KaHan. (6) Bua kaHana ceepxy. BugHa nopa B UeHTpe natu
cy6veanHuy

MeauaTop-3aBUCHMbIE KaHAJIbI OOBIYHO HE UMEIOT TAaKOH CTeneHU U3Gupa-
TeJIbHOCTH, KaK IMOTEHIHA-3aBUCUMble NOHHbIE KaHalbl. Hanpumep, AX-3aBu-
CHMble NOHHbIE KaHAIbl HEHPOMBIIIEYHbIX CHHAIICOB NMpOoHULaeMbl 1 g K' u
s Na'. Tem He MeHee, KaK IPABUJIO, €CJIM OTKPBITHIE KaHAJIbI IPOHULIAEMBbI JJIS
Na*, To pe3yJbTaTOM B3aUMOJEHCTBUS GyJeT Jenoaspu3anus MeMGpaHbl OCT-
CUHAINTUYECKOI KIETKU U3 COCTOSHUSA NOoKos (Bpe3ka 5.4). M3-3a Toro, uro ato
npuGIIKaeT MEMOPaHHBI MOTEHIMaI K IOPOroBOMY 3HaY€HHUIO MOTEeHIIHaIa
AeicTBUSA, 3TOT 3(PPEKT HA3bIBAIOT 6036yHcdarwum. IIpexoasmas aenoaspusa-
LU IOCTCUHANTUYECKOU MeEMGPaHbl, BbI3BAHHAS IPECUHANTUYECKUM BblLIeJIe-
HUEM HeHpoMeJuaTopa, Ha3bIBAETCS BO30YXKJAIIIMM IMOCTCHHANTHIEeCKUM
nmorennuaiom (BIICII) (puc. 5.15). Cunantuyeckas akTuBauus AX-3aBucu-
MBIX ¥ [JTyTaMaT-3aBUCHMMbBIX HOHHBIX KaHaJI0B Bbi3biBaeT BITCII.
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MoTeHuman

LencTaus
j\, AKCOH

TepmuHanb akcoHa

(@) e
j lMocTcuHanTuyeckuit
AeHnput
>
. Monexynbl \/ 3anmcs V
nHanTu4eckas HenpomeauaTopa !
wenb /\
\
Na+ Na+ Na+
? g Bncn

UuTosonb MeauaTtop-3aBucHMble 0 2 4 6 8
P T BpeMsi 0T NpeCcKHanTU4eckoro
(6) () noTeHumana aencTeuns (Mc)

Puc. 5.15. NeHepuposanue BICI. (a) MoTeHunan gencTeva nocTynaeT B NpecuHanTuye-
CKYI0 TEpMUHANb, Bbi3blBan BbICBOGOXAEHNE HepomeamaTopa. (6) Monekynbl CBA3bIBAIOT-
CA C MeguaTop-3aBUCUMbIMM MOHHBIMMA KaHanamMu NOCTCUHANTU4ECKOW MeMbpaHbl. Ecim
Na* nocTtynaeT B yuMTonsasmy NOCTCUHANTUYECKOWN KNETKN HYepe3 OTKPbITbIA NOHHbIN KaHan,
TO ee MembpaHa aenonapuayetcs. (B) MNonyyeHHoe B pe3ynbtate U3MeHeHne noTeHuuana
MeM6paHsb! (Vm), 3anMcaHHoe MUKPO3NEKTPOAOM B KneTke, ssnaetcs BMCM

Ecim xe MeauaTop-3aBHCHMBIE HOHHBIE KaHIbI npoHunaems! mis Cl°, To
OGBIYHBIM PE3YJbTHPYIOUIUM BJIHUSHHEM OyAeT TUIIEPHOJSApU3aLUs MOCTCHU-
HaNTUYECKOH KIETKU U3 NOTEHIHATA MOKO MEMOPaHbI (IIOCKOJbKY XJIOPUJ-
HBIil NOTEeHI a1 paBHOBECH A OOBIYHO OTpHULIATEIbHBII; CM. I1aBy 3). M3-3a Toro,
YTO 3TO OTJISET MNOTEHIMAT MEMOPaHbI OT NOPOra BO3HUKHOBEHUS NMOTEHIIU-
ana AeicTBUA, 3TOT 3(P(EKT HA3BIBAIOT MmopMosnbim. [Ipexoasmas runepnos-
pHU3anus MOCTCHHANITHYECKO MeMOPaHbl, BbI3BAHHAsA IPECUHANITUYECKUM Bbl-
JleJIeHHeM HeiipoMeauaTopa, Ha3bIBA€TCS TOPMO3HBIM MOCTCHHANITHYIECKMM
notenuuanoM (TIICII) (puc. 5.16). CHHanTUYeCKast aKTUBALUs [IMLMH-3aBU-
cumbIx 1 TAMK-3aBrucuMbIX HOHHBIX KaHal10B Bbi3biBaeT TIICII. Mbl paccMoT-
pum BIICIT u TTICII nogpoGHee, koraa 6yAeM HU3y4yaTb NMPUHLUIBI CHHAITHU-
Y€CKON MHTErpaluu.
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Ha nepegHem kpae Hayku

MoTeHuuMan pesepcuun

B rnaee 4 Mol yBugenw, 4to, Korga nNoTeHuuan-3aBUCUMblE HATpUEBbIE KaHanbl
MeMbpaHbl OTKPbIBAIOTCA BO BPeMA NoTeHunana genctsms, Na* npoHWKaeT B KNeTKY,
BbI3blBasA ObICTPYIO Aenonspuaaumnio noteHunana membpaHbl 4O YPOBHA NoTeHumana
HaTpvesoro paeHosecws, E,,, okono 40 MB. Ho B oTnu4me OT NOTeHUman-3aBucumMbIX
WOHHbIX KaHanoB, MHOMME MEAMaTopP-3aBUCUMbIE MOHHbIE KaHambl NPOHUUAEMbl HE
TONBKO A4NA OAHOrO BMAa MoHOB. Hanpumep, AX-3aBUCUMbIA MOHHBIA KaHan HEMPOMbI-
LeYHOro cuHanca nponvuaem n ana Na* n ana K+, [lasarite paccMoTpum dhyHKUMO-
HanbHble NOCNEACTBMA aKTUBaUMM 3TUX KaHANoB.

B rnase 3 Mbl y3Hanu, 4T0O NOTeHUMan MembpaHsi, V., MOXHO BbIMUCIINTL MPU NO-
MOLLW ypaBHeHWs [onbaMaHa, KOTOPOE Y4UThIBAET OTHOCUTENbBHYIO NMPOHULAEMOCTb
MembpaHbl ANs pa3nuyHbIX MOHOB (CM. Bpeaky 3.3). Ecnn 6bl MembpaHa 6bina oguHa-
KOBO nNpoHuuaemMa ana Na* 1 gna K+, 410 BO3MOXXHO Npw OAHOBPEMEHHOW akTueaumm
60onbLIOro konuyecTsa AX- UK rnyTaMaT-3aBUCUMBIX MOHHBIX KaHanos, TO NoTeHunan
MeMOpaHbl V, yctaHoBuncs Gbl Ha ypoBHe Mexay E . 1 E,, okono O MB. Takum o6pa-
30M, MOHHbIA 3apag NPOXOAWT Yepes KaHanbl B TOM HanpaeneHuu, Kotopoe npuénu-
xaet noteHuman memobpaHbl K 0 MB. ECnv 0 BO3AENCTBMA aueTUnXonmHa notTeHumnan
MembpaHbl < 0 MB, Kak 3TO 06bI4HO 1 BbIBaET, PE3YNLTUPYIOLLMIA TOK MOHHBIX 3aPSA0B
4Yepes3 AX-3aBUCUMbIE KaHanbl ByAeT HanpaBneH BHYTPL KNETKK, Bbi3blBas 4en0oNapu-
3aumo. Ho ecnu noteHuman membpabl 4o Bo3aenctena AX 6bin > 0 MB, TO MOHHbIE
TOKM Yepe3 AX-3aBUCUMbIE MOHHbIE KaHanbl OyayT HanpasneHbl U3 KNETKN Hapyxy,
fgenas noteHuman MembpaHbl MEHee NONOXUTENbHbBIM.

[BMXEHWME MOHHDBIX 3apAA0B NP PA3NNYHOM HANPAXEHUN MEMOPaHbI MOXXHO N30-
6pasnTb rpadrkKoM, Kak nokasaHo Ha puc. A. Takon rpadmk HasbiBaeTcs [-V-gua-
rpamma (| — cuna Toka, V — HanpskeHue). Kputudeckoe 3HadeHne noTteHumana
MeMbpaHbl, NPY KOTOPOM MEHRETCA HanpaBneHue OBWKEHWA WOHOB, Ha3blBaeTcs
noreHymanom pesepcun. B aTOM cnyvae noTeHuman pesepcum paseH 0 MB. Takum
06pa3oM, 3KCnepuMeHTanbHOe onpeaeneHne NoTeHumana peBepcum roBopuT Ham O
TOM, ANS Kaknx MOHOB NpoHULaema Membpana.

Ecnun, n3MeHaa OTHOCWUTENbHYID NPOHULAEMOCTb MeMOpaHbl ANnA pasnuyHbIX
WOHOB, HepoMeamaTop BbI3biBaeT M3MeHeHWe noTeHumana membpaHbl 40 nokasa-
Tens, NpeBsbllatoLLero NOpor BO3HMKHOBEHWA NOTeHUnana QencTBusA, TO Takoe Aent-
CTBWE HepoMeamaTopa HasblBaeTCs BO36yxgatoLmM. Kak npasunno, Herpomeamaro-
Pbl, OTKPbIBAIOLLIME KaHanbl, NPOHMLAEeMbIe ANs MOHOB Na*, OTHOCATCA MMEHHO K Tuny
Bo30yxaaowmx. Ecnn xe Heipomeamatop CHwKaeT noTeHuwnan MembpaHbl Huke
NOPOroBOro nNokasarens Ana NnoTeHumana AencTens, To Takoe BO3AENCTBUE HEpOMeE-
amatopa Ha3blBaeTCa TOPMO3HbIM. HeripoMeamaTopsbl, OTKPbIBAIOLLME KaHanbl, NPOHW-
uaemble ans Cl-, 06bI4HO ABNAIOTCA TOPMO3HBIMK, KaK M HEMpOMeaMaTopbl, OTKPbIBaLO-
Lme Tonbko K*-npoHnuaemble kaHanbi.
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Mpu NonoXuTensHOM

MembBpaHHOM noTeHuuane AX

BbI3bIBAET TOK HAPYXY KNETKN
A

~

3apsg — |Hapyxy
MembOpaHsbI
HanpsxeHxwve = S
MeMbpaHbl I'paduk |-V npu
BO3AeiCcTBIN AX
| | |
\\ 60 MB
MoTeHuman
pesepcun
-

-
Mpwv oTpULATENBHOM
MeMBpaHHOM NoTeHupane

AX BbI3bIBAET TOK BHYTPb KNETKM

Puc. A

PeuenTopbl, conpsxeHtble ¢ G-6enkom

BricTpas xuMuueckas CHHaNTUYeCKas Iepejaya OrocpeyeTcs: aMMHOBBIMU
¥ aMMHOKHCJIOTHBIMM HepOMeJuaTopaMH, B3aUMOJEICTBYIOIUMU C MeJua-
TOP-3aBUCUMBIMM MOHHBIMU KaHataMu. OJHaKo BCe TpU THUIA HeilpoMejaua-
TOPOB IPU BO3AEHCTBUU Ha PelenTopbl, conpsikeHHble ¢ G-6eJIKoM, MOTyT
UMeTh MeJJIEHHbIE, GoJiee IPOAOIKUTENbHBIE U Kyfa 6oJiee pa3HOOGpa3HbIe
HNOCTCUHANTHYECKOE 3((PeKThl. ITOT BUJ CUHANTUYECKOTO BO3JEHCTBUSA MPO-
UCXOJUT B TPU 3Tara.

1. Monekyna HeifpoMeAuaTOpa CBA3BIBAETCA C PELENTOPHLIMU GelKaMH
NOCTCUHANTUYECKOI MEMOPaHBL

2. PeuentopHble 6€JKH aKTUBUPYIOT JpPyrue MeJKue KIeTOUHble OEJIKU, Ha-
3biBaeMble G-GeIKaMM, KOTOpble CBOGOIHO M€ PEMEIAIOTCA 110 BCEi BHYT-
PEHHEl NOBEPXHOCTH MOCTCUHANITUYECKON MEMOPaHBDI.

3. AxTuBupoBaHHble G-6€JIKM aKTUBUPYIOT 3(p(pEeKTOpHBIE GEJIKU.
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A dexkTopHBIMU GeJKaMU MOTYT GbITb MOHHBbIE KaHajlbl MeMGpaHbl, CO-
npsokeHHble ¢ G-Geskamu (puc. 5.17, a), win xe ¢pepMeHTbI, CHHTE3UpYyloLIHe
MOJIEKyYJIbl, Ha3bIBaeMble BTOPHYHBIMHU IOCPEeJHUKAMHM, KOTOpbIE 3aTeM Aud-
¢bynaupyoT no Bcemy nuTo30 0 (puc. 5.17, 6). Bropuunslie nmocpeHUKH Mo-
IyT aKTUBMPOBATh JIONOJHUTE IbHbIE (PE€PMEHTHI B IIUTO30JI€, PETyIUpylolue
(pyHKIIMIO MOHHBIX KAaHAIOB M U3MEHSIONIME KIETOYHbII MeTa6oauaMm. H3-3a
TOTO, YTO PELIENITOPDI, CONpsxeHHbIe C G-6€JIKOM, MOTYT BbI3bIBATb MHOXECTBO
Pa3IMYHBIX METAGOIMYECKUX 3¢ (HEKTOB, UX YaCTO HA3bIBAIOT METAGOTPOIHBI-
MH pelenTopamm.

MoTeHuman

ReicTeus j\, AKCOH

TepMuHanb akcoHa

(a)
MocTeunHanTuyeckuia
AeHapUT
CuHanTuyeckas Monexyb! y—3anmcs V,,
wenb HelipomeamaTopa
\ A
Tnen
T T T T
UuTosons  MeamaTtop-3asncumbie 0 2 4 6 8
VOHHbIE KaHanb! Bpems 0T NpecrHanTU4eckoro
(6) (B) noTeHumana aeicTems (Mc)

Puc. 5.16. Tenepuposanue TIMNCI. (a) B npecuHanTuyeckyo TepmyMHans NocTynaeTt no-
TeHuuan OencTBus, Bbi3blBas BbICBOOOXAEHWE HerpomeavaTopa. (6) Monexkynbl cBasbiBa-
I0TCA C MEANATOP-3aBUCUMbIMU MOHHBIMWU KaHaiamMn NOCTCUHANTMHECKOW MembpaHbl. Ecnu
CI- 4epe3 OTKpbITblE KaHanbl NOCTYNaeT B NOCTCMHANTUHECKYIO KNeTKy, TO ee MembpaHa
CTaHOBUTCA rUNepnonapu3oBaHHoN. (B) Mony4eHHoe B peaynstate uaMeHeHue noteHumana
MeM6paHb! (Vm), 3anMcaHHoe MUKPOJIEKTPOAOM B KneTke, sensetca TMCMN



214  HeitpoHayku. ViccneposaHue Mo3ra

MOHHbIN kaHan,
CONPSXEHHBIN |

PeuenTop Heiipomeanatop ¢ G-benkom PeLienTop Heiipomeonatop DepmenT |

BropuHbie
nocpenHnku

(a) (6)

Puc. 5.17. Bo3pnencTsne HeMpomeauaTopoB Ha peLienTopbl, conpsxeHHble ¢ G-6en-
KoM. CBa3biBaHWe HenpomeauaTopa C peuentTopoM NpUBOAWT K akTusaumm G-6enkos.
AKTUBUpOBaHHbIE G-6€NKN aKTUBUPYIOT 3(PheKTOPHLIE NPOTENHBI, KOTOPLIMU MOTYT 6bITb
(@) oHHbIE KaHanbl MK (6) epMEHTLI, CUHTE3UPYIOLLIME BHY TPUKIIETO4HBIE BTOPUYHbIE NO-
CpeaHuKU

Mb1 noipo6HEe pacCMOTPUM Pa3jUYHbIE HEIPOMEIUATOPDI, X PELIENTOPbI
u 3¢ dexTops! B mase 6. OaHAKO UMeliTe B BUIY, YTO OJIMH U TOT e Heiipome-
JUaTOP MOXET UMETb POTUBONOJIOXHbIE 3(P(EKTHI B 3aBUCUMOCTH OT peLen-
Topa, C KOTOPBIM OH CBsA3bIBaeTcs. [Ipumepom atoro sBaseTcs BausHue AX Ha
CepALe U CKeJIeTHbIE MbIIILL. AX 3aMeIseT PUTMUYHBIE COKpaLleHUs CEpPALa,
BbI3bIBasA M€ /IJIEHHYIO TMIIEPIOJIAPU3ALIMIO KIETOK CepAeYHOi1 MblmIbl. [TpoTu-
BOIIOJIOXHBII MPOLIECC TPOUCXOAUT B MBIIIIAX, IAe AX BbI3bIBAE€T COKpalleHIEe
MBILIIIbI, 3aIyCKas JAENOJIAPU3AIMUIO CKEJETHbIX MbIIEYHbIX BOJOKOH. Takue
pasHble 3(p(HEKTbI OGBACHAIOTCA Pa3HUIIEH B pelleNTopax, y4aCTBYIOIUX B IIPO-
necce. B cepane meta6orponHelit AX-penientop conpsixeH G-6€JKOM C Kaue-
BbIM KaHaIOM. OTKPbITHE KaJTMEBbIX KAHAJIOB I'UIIEPIIOISPU3yeT BOJOKHO Cep-
JIe€YHOI1 MBIIIIbI M CHMXKAeT YaCTOTYy BO3HUKHOBEHHUS MOTEHINAIOB ACHCTBUS.
B ckeseTHBIX MbIIIIAX PELIENTOPOM SIBJISETCS MEAUATOP-3aBUCUMbIN MOHHBIN
KaHal, B YaCTHOCTU AX-3aBUCHMBIHi MOHHBIN KaHal, NpPOHUIaeMblil 11 Na'.
OTKpbITHE 3TUX KAaHAIOB JENOJISPU3yeT MbIIEYHOE BOJIOKHO U JiejIaeT ero 6o-
Jiee BO30YAMMBIM.

AsTOpeuenTopbl

Penentopel k HelipoMegUaTOpaM HE TOJbKO SBJSIOTCSA YaCTbIO IOCTCH-
HaITUYECKOro YIUIOTHEHHUS, HO M YacCTO pacloJIOXKeHbl M Ha MeMGpaHax
IIpeCUHANTHYEeCKUX TepMHUHaseil akcoHa. IIpecHHanTHyeckue peLeNnToOpBl,
YYBCTBUTEJbHbIE K HEpOMEAHAaTOpaM, BblAE/JSEMbIM U3 T€pPMHUHaIM, Ha3bl-
BalOTCA aBTopenentopamu. OGLIYHO aBTOPELIENTOPAMU SABJISIOTCS PeLENnTo-
phbl, conpsixeHHble ¢ G-6eJIKaMM M BbI3bIBalOIIME OOpa3oBaHUE BTOPHYHBIX
nocpeAHUKoOB. ITocieacTBUSA aKTUBAlLMM 3TUX PELENTOPOB Pa3HOOOPA3HBI,
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HO 4acThIM 3(p(PEKTOM ABAAETCA TOPMOXKEHHUE BblJENE€HUsI HeiipoMeaUaTopa,
a B HEKOTOPBIX CJIy4asix ¥ CHHTe3 HeifpoMeauaTopa. 9To o6GecreydnBaeT mnpe-
CHHANTHYeCKOil TEPMUHAIN BO3MOXXHOCTb CaMOPEryJMpOBaHUsA. ABTopelen-
TOpbI paGOTaAIOT NOJOGHO 3aLMTHOMY KJIallaHy, CHUXKasi BbICBOOOXJEHHUE Heil-
poMeauaTopa, KOrja ero KOHIEHTPALUs B CHHANITUYECKOM IeJIM CTAHOBUTCS
CJIMIIKOM BBICOKOM.

BoccTaHoBNeHWe U pacnag HelipoMmeauaTopoB

ITocne Toro kak BbIAEJEHHBIH HEHPOMEIUATOP NPOB3aMMOJEHCTBOBAN C
MOCTCUHANTUYECKUM PELIENITOPOM, €r0 HEOOXOAUMO YOpaTh U3 CHHANITUYECKOIT
IEJIH, YTOGBI OCBOGOAUTD MECTO AJISI CJIEAYIONIETrO IMKIAa CHHAIITHYECKOI epe-
Aaun. OJHUM U3 CIIOCOGOB CAENaTh 3TO ABAsAeTcA Auddy3usa HeitpoMeaUaTOpa
M3 CHHAICa B MEXKJIETOYHOE IMPOCTPaHCTBO. OJHAKO ) GOJIbUIMHCTBA aMHU-
HOBBIX U aMUHOKHCJIOTHBIX HelipoMeuaTopoB Auddy3us conpoBoxaaeTcs 06-
PaTHBIM 3aXBaTOM HeiipoMeauaTopa B IPeCHHANTUYECKYIO TEPMUHAIb AKCOHA.
OO6paTHBIi1 3aXBaT MPOUCXOAUT GJIarofaps A€HCTBUIO OCOGBIX GEIKOB-TIEPEHO-
CYMKOB Ha IPECUHANTHYECKOI1 MeMOpaHe. OKa3aBIINCh CHOBA B LIUTO30JI€ TEP-
MHHaJI4, MEAUATOPbl MOTYT IIOBTOPHO NIOMEMATbCSA B CHHANITUYECKUE MTY3bIPb-
KM WJIM K€ (pepMEHTAaTUBHO pa3jlaraThCs, ¥ TOrJa MPOAYKThI UX pacmaja OyayT
IOBTOPHO MCIIOJIb30BaHbI I CUHTEe3a. [lepeHOCUHKH HeiipoMeAnaTOPOB NpU-
CYTCTBYIOT TaK>X€ Ha 060JIOUKAX NIMU, OKpPYXKaloLleif CHHAIIC, YTO CIIOCOGCTBYET
GBICTPOMY YAUIEHHUIO HEIIPOMEANAaTOPOB U3 CHHANTHYECKOM LIEJIH.

JleiicTBue HelipoMeAMaTOpPa TaKXXe MOXET ObITh NpepBaHO (pepMEHTATUB-
HBIM pa3pylI€HHEM €r0 HENOCPEACTBEHHO B CHHAaNTUYecKoi mean. Hanpuwmep,
TakuM 06pa3oM AX yraisieTcs U3 meJleil HelipoMbllIeYHbIX CUHaICcoB. PepMeHT
aleTUIXOJHHACTepa3a (AXD) HaKalIMBaeTCs B CHHAITUYECKOT IeJIN MbIlIey-
HbIMU KJeTkaMH. AXO paspymaeT MoJjiekyjbl AX, fejast ero HEaKTUBHBIM B OT-
HomeHun AX-pelenTopos.

He crout HegooLeHMBaTh BaXXHOCTh yAaIE€HUS HepOMeANaTOpPOB U3 CH-
HanTHyeckux meseil. HanpuMep, HenpepbplBHOE BO3AEHCTBHE BBICOKHX KOH-
neHTpauuii AX B HeEPOMBIIIEYHbIX CHHAICAaX CIYCTS HECKOJBKO CEKYHH
INPUBOIUT K IIPOLIECCY, HA3bIBAEMOMY JeceHcubuaudayueii, Korja, HeCMOTps Ha
IPUCYTCTBUE B CUHAICe HEepOMEeANaTOpa, MeAUaTOpP-3aBUCHMbIE HOHHbIE Ka-
HaJIbl OCTAIOTCS 3aKPbITBIMU. Takoe cOCTOsSIHUE AeCEeHCUGHIN3ALUN MOXET CO-
XPaHATbCA elle B TeYeHHe HECKOJIbKUX CEKYH/ nocJe yaaneHus AX U3 cHHarca.
BricTpoe paspymenne AX aneTHIXOJMHACTEpa3oil B HOpMe IpeJoTBpalaeT
BO3HMKHOBEHHE JeceHcuOmwim3auuy. OZHAKO NpPU YrHETEHHM aKTUBHOCTHU
AXD, uTo HaGMOJAETCsA NPU BO3JAEICTBUM HEKOTOPBIX ra30B, HCIOJIb3yeMbIX
B KaueCTBE XMMHYECKOro opyxus, AX-penentopsl JeCeHCUOUIN3UPYIOTCS, a
HelpoMBILIeYHas Nepeiadya NpepbIBAeTCA.
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Henpodapmakonorus

Bce sTanbl cuHanTHyeckoil nepeaadu, KOTOPbIE MbI yXe OGCYIWIM Ha JaH-
HBbIf MOMEHT, — CUHTE3 HelipoMeJuaTopa, yIaKOBKAa CUHANTUYECKUX IY3bIpb-
KOB, 9K30LIMTO3, CBA3bIBAHNE M AKTUBALMA PELIENITOPOB, OOGPATHBIN 3aXBaT U
pacnaj — ABJAATCA XMMUYECKUMU PEAKIIMAMU U, CJIEJOBATENbHO, HA HUX MOX-
HO BJIMATb OCOGLIMU NpenapaTaMu WM TOKCMHaMM (Bpe3ka 5.5). Hayka o Bim-
SHUU JIEKAPCTBEHHBIX MPENapaToB Ha TKAaHU HEPBHOM CHCTEMbl Ha3bIBA€TCSH
Helipodapmakoiorneii.

Mb! ynoMMHanIM, YTO HEPBHONAPAIMTUYECKHE Tasbl MOTYT MOpaXaTb CHU-
HaNTUYECKYIO Nepejady B HEHPOMBIINIEUHBIX COEAUHEHUAX ITyTEM YTHETEHUS
¢pepmenTa AX3I. ITo BIMSHUE IPEACTABIAET COOOIT OJUH U3 KJIACCOB JEICTBUI
NIpEenapaToB, YTHETAIOMUX HOPMAIbHYIO (DYyHKIIMIO OCOObIX GEIKOB, Y4aCTBYIO-
IUX B CMHANTHYECKOW Iepejaye; Takye NpenapaThl Ha3blBAIOTCS HHTHOMTO-
pamu. IHrMGUTOpLI penenTopoB HEPOMEAUATOPOB, Ha3blBAEMbIE AHTArOHM-
CTaMM pelnenTopoB, CBA3bIBAIOTCA C PELIENITOPAMU U GJIOKUPYIOT HOPMaJIbHBIE
BO3/IEIICTBUA HelipoMeiMaTOpoB. Hanpumep, aHTaroHMCTOM pelenTopoB ABJA-
eTcs A4 Kypape, TPaguIlMOHHO HCIIOJIb3yeMblil KOpeHHbIMU Hapogamu IOxHo#
AMepUKU Il TOTO, YTOObI CMa3bIBaTh UM HAKOHEYHUKH CTPEJI U IIaPaJu30BaTh
xepTB. Kypape npouHo cBasbiBaeTca ¢ AX-penenTopaMy CKeJETHBIX MBI U
610KupyeT Bo3jeiicTBue AX, TeM CaMbIM NIPEJOTBpaIas COKPalleHUE MBbIIIIIL.

Jlpyrue mpenapaTbl TakXe CBA3BIBAIOTCA C PELIENTOPAaMU HEHPOMERUATO-
POB, HO BMECTO MX GJIOKMPOBAHUS KOMMPYIOT BO3AEHCTBUE NPUPOJHBIX HEM-
pomenuaTopoB. Takue npenapaTbl Ha3blBAIOTCS arOHHCTAMM PELENTOPOB.
ITpumepom aroHucTa penenTopoB ABJSAETCA HUKOTHH, MOJyYaeMblii U3 pacTe-
Hult Tabaka. HUKOTHUH CBA3bIBa€TCA UM aKTUBUPYeT AX-pelenTopbl CKEJIETHBIX
mpim. Ha camom gene AX-3aBucuMble HOHHbIE KAaHAIbl CKEJIETHBIX MBILILL Ha-
3bIBAIOTCS HUKOTHHOBbIMM AX-pelienTopamMu, YTOGbl OTJINYATh UX OT APYTUX
TunoB AX-penenTopoB, PacloJOXEHHbIX B CepAle U HE YYBCTBUTENbHBIX K
HukoTuHy. Hukotunosbie AX-penentopsl Takxe npucytctsyioT B IIHC, u onn
NpUYACTHBI K BO3HUKHOBEHUIO TaGaYHOH 3aBUCUMOCTH.

H3-3a xomoccatbHOI XMMHUYECKOH CIIOXKHOCTH CHMHANTUYECKOH nepegayn
OHa B BBICIIEI CTENEHU MMOABEPKEHA MEJUIIMHCKOMY BapUaHTy 3aKkOoHa Mepdu,
mIacsAmeMy: ecau GU3HOJIOTUUECKHUI TPOLIECC MOXKET MONTHU He TaK, TO OH TOY-
HO IOKJET He Tak. [Ipyu HapyleHn XMMUYECKOH CHHANITUYECKOI epejayu Ha-
pymaercsa ¢pyHKIMA HEPBHON cucTeMbl. Hapymenue neffpomMequanuu CUUTaIOT
KOPHEM MHOTUX HEBPOJIOTMYECKUX M IICUXHATPUUYECKUX 3a6osieBaHUit. Xopo-
IIasi HOBOCTb COCTOUT B TOM, YTO 6JIaroJjaps HalllMM PacTyUIUM MO3HAHUAM B
06J1aCcTH Heipo(dapMaKOJOrui CHHANITUYECKOI Nlepejaud y Bpadeil NoABIAI0T-
Csl BCE HOBBIE U HOBbIE 3(p(PEKTHBHbBIE CPEACTBA [JIsA IEYEHUS 3TUX HAPyLIEeHUH.
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Y10 obuwero y 6aktepwin Clostridium botulinum, nayka “4epHas sgosa”, kobpbl u
Yenoseka? Bce oHM CcNOCO6HbI CO34aBaTh TOKCUHbBI, NOPaXaIoWME XUMUYECKYIO CU-
HanTU4eCKyto Nnepeaady B HEMPOMbILLEYHLIX cCoeanHeHuax. MNpu HapyLweHnn 06paboT-
KW KOHCEPBMPOBAHHbIX MPOAYKTOB 06pa3yeTcs HECKONbKO BUAOB 60TYNOTOKCUHA, Bbl-
Aaensemoro B npouecce pocTta C. botulinum. BOTynoTOKCWH Bbi3biBaeT 3abonesaHune
60Tynn3m (HazsaHwe 60Ne3HV NPOM3OLLNO OT NATMHCKOro Cnosa “cocucka”, noToMy
4TO B Te BpeMmeHa 3abonesaHve accounmmpoBanoch C NNOXO NPUrOTOBNEHHBIM MACOM. )
BOTYNOTOKCUHbBI ABNAIOTCA O4EHb MOLLIHBIMM 610KaTOPaMy HEMPOMBILLEYHOM Nepeaa-
4u; 6bINO YCTAHOBNEHO, YTO ANA YrHETEHUA XOMWHIPrU4EeCKOro cMHanca AocTaTou-
HO 10 Monekyn 60TynoTOKCMHA. BOTYNnOTOKCMHBI — 4pe3BblMaiHO cneundunyeckme
dhepMeHTbI, paspyatome ocobble 6enkun cemerictea SNARE Ha npecmHanTuieckom
MeMmbBpaHe, KOTOpble KparHe BaXHbl ANs BbICBOOOXAEHNA HEMPOMEANATOPOB (BPES3-
ka 5.3). 310 cneumdunyeckoe Bo3aencTame 60TYNOTOKCUHOB CAENANO0 UX BAXHBIM UH-
CTPYMEHTOM B paHHMX nccnegosaHmax 6enkos SNARE.

An nayka “vyepHan Bgosa” (puc. A) cmepTteneH. OH HapyLlaeT BbICBOOOXXAEHWE Me-
amaropa, X0Tb M ApYrM CnocoB0M. S COOAEPXXMUT NAaTPOTOKCHH, KOTOPLI CHa4ana ycu-
nuBaerT, a 3aTeM nNpekpallaeT BbicBO6OKAeHNE AX B HEPOMBILLEYHBIX COEANHEHUSAX.
ONEeKTPOHHO-MMKPOCKOMMHYECKOE MCCNegoBaHne CMHancoB, OTPaBNEHHbIX AA0M “Yep-
HOW BAOBbLI”, BbIABUNO OTEK NPECUMHANTUYECKMX TEPMUHANE, B KOTOPbIX OTCYTCTBOBA-
M CuHaNTU4eckme ny3bipbki. MexaHu3m gencTema 6enKoBOi MONEKynbl NaTpOTOK-
CWHa A0 KOHUA He n3yyeH. A cBA3biBaeTCs C 6enkammn CHapyXu NpecuHanTU4eCcKon
MeMbpaHbl 1 06padyeT Nopbl, KOTOPbE AENONAPU3YIOT TEPMUHANL 1 No3BoNAtoT Ca?*
NPOHWKaTL B KMETKY W 3anyckaTb ObICTPOE M NONHOE BbiAeNneHne HepoMeaunaropa.
B HekoTopbIx cny4asx sa cnocobeH Bbi3biBaTb BbICBOOOXAEHNE HEMpOMEeanaTopos
paxe npu otcytcTBumn Ca?+, BeposTHO, 6Gnarofaps HeNOCpeACTBEHHOMY B3avMopdew-
cTButo ¢ 6enkamu, BolAENAOLLMMM HEMPOMEANATop.

YKyC KUTanckom Kobpbl TakXe BbI3blBaEeT y XXepTebl 6nokagy HeMPOMbILLEYHOM Ne-
pegayu, Ho TpeTbMM cnocoboM. OanH U3 aKTUBHBIX KOMMOHEHTOB A4a 3Mewn, Ha3blBa-
eMbliA 0-6yHrapoTOKCHMHOM, SBNAETCA 6ENKOM, KOTOPbIA HACTONBKO KPEMnKOo CBA3bIBA-
€TCA C NOCTCUHANTUYECKUMM HUKOTUHOBLIMU AX-peLientopamu, Y4To Ana ero yaaneHuns
13 cuHanca TpebytoTca aHW. Ho 3a4acTyio Ha ero yaaneHue NpocTo He XBaTaeT Bpe-
MEeHW, Beab 14 KOOPbI NpeaoTepaLlaeT akTBaUMo HUKOTUHOBBIX AX-peuenTopoB, TEM
CambIM Napanu3ys AbiXaTenbHble MbIlUbl XepTBbI.

Mbl, nOAW, CUHTE3MPOBAMM BOMbLLOE KONMWMHYECTBO XUMWUYECKMX BELLECTB, Hapy-
LWaoWmMX CUHANTUHECKYIO nepeaaYy B HEMPOMBILLEYHbIX coeanHeHnsax. N3HadansHo
MOTUBMPOBAHHbIE MOUCKOM HOBbIX 6OEBbIX XMMUYECKMX areHTOB, 3TV YCUNMS NPpUBENN
K M306pETEHMIO HOBOrO KNnacca CoeMHEHWIN, Ha3biBaeMblx opraHodocdaramu, unm
dhocopopranmnyeckummn coeamHeHnaMn. OHW SBNAIOTCA HEOOPATUMBIMU UHIMOWUTO-
pamm AX3. MpepoTepallan pacnag AX, OHM BbI3bIBAIOT €r0 HaKoNNEeHWE 1, BEPOSTHO,
ybuBaloT )KepTBY BCNEACTBME AeceHcnbunmusaumm AX-peuentopos. CeroaHs opraHo-
docdhaTtbl UICNONL3YIOTCA B KAYECTBE MHCEKTMUMAOB, TakMX Kak napaTtuoH, KOTOpPbIN
TOKCWHYEH AN 4ENOBEKA NWLLb B O4EHb BBICOKUX 1O3aX.
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Puc. A. MNayku “yepHan Baosa”. (McroqHmk: Matthews, 1995, p. 174)

NPUHUMNBLI CUHANTUYECKOW MHTEMPALIUN

BoapmnucTeo Heliponos ITHC noay4daioT ThICSSYM CMHANITUYECKUX UMITYJIb-
COB, KOTOpbleé aKTUBUPYIOT pa3jMUHble KOMOMHAIUM MeJUaTOP-3aBUCUMBbIX
HMOHHBIX KAaHAJIOB U PELIENTOPOB, CONPSKEHHbIX ¢ G-6eskamu. [TocTcuHanTuye-
CKHIi1 HEHPOH UHTETPUPYET BCE 3TU CJOXHbIE HOHHbIE U XMMUUECKHE CUTHAIBI,
npeo6pasys X B MPOCTEHNYIO (pOPMY BBIXOJSAIIETO CUIHAjJAa — MOTEHIUATIbI
JeiictBus. TpaHchopmanus MHOTUMX BXOJAIMX CUHANTUYECKUX UMITYJIbCOB B
OJIVH BBIXOJAIINIT CUTHJ [IPEACTaBJIAET CO6O0I POLecC HEIPOHHOIO BBIYUCIIE-
HUA. MO3T BBINOJIHAET MUJUIMAP/Ibl HEPOHHBIX BBIYMCIEHUI KOKAYIO CEKYHIY
Haleif >ku3HU. B kadecTBe nepBoro mara Kk MOHUMaHUIO PaGOThl HEHPOHHBIX
BBIYMCJIEHUIT JaBaiiTe€ O3HAKOMUMCS C OCHOBHBIMH NPHUHIMIIAMU CHHAIITHYe-
ckoil uHTerpanuy. CHMHaNTHYecKas MHTErpanMs — 3TO IPOLECC, BO BpeMs
KOTOPOr0O MHOXXECTBEHHbIE CHMHANTHYECKHE NOTEHIHaJbl KOMOUHUPYIOTCSA B
OJIHOM IIOCTCUHANTUYECKOM HEIIpOHe.

MHTerpaumsa Bo36yxaatoLiero nocTCUHaNTU4eCcKoro
noteHuuana (BMcCIM)

dJIeMeHTapHOI NOCTCUHANTUYECKOI peakuueil ABIAETCA OTKPbITHE OAU-
HOYHOT'O MeJUaTOp-3aBUCHMOTrO MOHHOTO KaHama (puc. 5.18). BHyTpenHmi
TOK II0 3TUM KaHalaM JENOJISIPU3YeT IOCTCUHANTUYECKYI0O MeMGPaHy, BbI3bI-
Basi TE€M CaMbIM BO30YXJAIOI[UII NOCTCMHANTU4Yeckuil noreHnuan (BIICII).
ITocTcunanTuyeckas MeMOGpaHa OJHOTO CUHATIICA MOXET UMETb OT HECKOJIbKUX
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AECATKOB JO HECKOJIbKUX ThICAY MEANATOP-3aBUCUMbIX HOHHbIX KaHAJIOB; KOJIH-
4YE€CTBO KAHAJIOB, aKTUBUPYEMbBIX BO BpEMS CUHANTUYECKOMI nepeaa4u, 3aBUCHUT
IJIaBHbBIM 06p3.30M OT KOJINYECTBA BbIJACIAEMOTO HeﬁpOMe,unaTopa.
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HaHeceHrue HelipomeamaTopa Ha y4acTok MeM6paHbl

Puc. 5.18. 3anucb thukcauum noTeHuuana meguMaTop-3aBUCUMOr0 MOHHOIO
KaHana. VoHHbI 3apaf NpoxoauT Yepes KaHanbl, Koraa OHM OTKpbITel. B npucyT-
CTBWV HelpomeanaTopa OHU GbICTPO NEePEKIIioHATCA MEXAY OTKPbITLIM U 3aKPbl-
TbIM NonoxeHuaMu. (AgantuposaHo n3 Neher and Sakmann, 1992)

KBaHTanbHbI aHanu3 BMCN

JJIeMEHTAPHOM €MHULIEH BbICBOOOXIEHUS HEIPOMeAUaTOpa ABIAETCS CO-
Jl€PXKUMOE OJHOTO CHHANTUUYECKOTO My3bIpbKa. Kaxblil ny3bIpeKk COAEPXUT
NpUGIM3UTENTLHO OAMHAKOBOE KOJUYECTBO MOJIEKYN HeiipomeauaTopa (He-
CKOJIbKO ThICAIY); OOlllee KOJTMYECTBO BbIJEJIEHHOro HeifpomeauaTopa GyaeT
KpaTHBbIM 3ToMy uucity. CienosaTenbro, amuTysa BIICIT 6yaer kpaTHoii pe-
aKIMM Ha BblJI€JIEHNE COAEPKUMOTO OJJHOTO CHHANITUYECKOTO My3bIpbKa. JIpyru-
mu cyioBaMy, noctcuHantudeckue BIICIT B onpenenenHoM cuHarmce xganmyom-
¢fl; OHU KPATHbI HEJIEITUMOI1 €IUHULIE — K8aHM Y, IPEACTABJIAIONIEMY KOJUIECTBO
MOJIEKYJ]l HeifpoMeAraTopa B OJHOM CHHANTUYECKOM IMYy3bIpbKE U KOJIUYECTBO
JOCTYIHBIX B CUHAIICE MOCTCUHANTUYECKUX PELIENTOPOB.

B HexoTOphIX cMHancax Npu OTCYTCTBUM NMPECUHANTUYECKOW CTUMYIALUN
3K301[MTO3 Ny3bIPbKOB IPOMCXOJUT OU€Hb PeAKO. OGbEM NOCTCUHANTUYECKOI
PeaKIuy Ha TAKOE CIIOHTaHHOE BblJIEIEHUE HEJIPOMEUATOPA MOYXHO U3MEPUTD
371eKTPOU3NOTOTUYECKUM MyTeM. ITa C1abass peakuus ABJISIETCA MUHMATIOP-
HBIM MOCTCMHANTHYECKUM MOTEHI[HATIOM, YACTO HA3bIBAEMBIM MTPOCTO MUHU.
Kaxaplit MUHN reHepupyeTcs KOJIMYeCTBOM HelpoMeAuaTopa, COAepKallero-
Cs B OJJHOM Iy3bIpbKe. AMIUIMTyAa noctcuHantudeckoro BIICII, BbiaBanHOrO
NPECUHANTUYECKUM NOTEHIMANIOM JeiiCTBUA, ABISETCA KPaTHBIM (HanpuMep,
1%, 2%, 3% 1 T.0.) aMILIUTy e MUHU.

KpaHTanbHbIi aHATH3, METOJ CPAaBHEHHUS AMIUIUTYA MUHUATIOPHBIX U BbI-
3BaHHbIX [ICII, MOXXHO HMCHOJb30BATDb JJIl ONPEJENEHUs] KOJUYECTBA My3bIphb-
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KOB, BbIACJAIIINUX HEHIpOMEANaTOP BO BpeMs OOBIYHONI CHHANTHUYECKOH Ie-
pesaun. KBaHTaIbHBINA aHAIM3 nepeiaud B HEUPOMBINIEYHBIX COEAUHEHUSX
BBISIBUJI, YTO OJMH IOTEHLMAJ AEHCTBUSA B MMPECHHANTHYECKOH TePMHUHAIN
BbI3BIBAET 3K30LUUTO3 NpuoausuteabHo 200 nyspipbkos, co3aasas BIICII Ha
ypoBHe 40 MB uiu 6osnee. Bo morux cunancax ITHC, rao6opoT, B OTBET Ha
IIpeCHHANTUYECKUi1 MOTEeHIUAT JeHCTBUS BbICBOGOXKAAETCA COAEPKUMOE BCe-
ro 00xo20 ny3vpvia, cosgabas BIICII, paBHbIil AeCATHIM J01M MUJUIMBOJIBTA.

Cymmanyus BNCN

Pasnuuue mexay Bo3Oyxjamomeil mepejayeil B HEHPOMBIINIEYHBIX COEAM-
HeHusx U B cuHancax ITHC neyausuTeabHo. HeiipoMbllleuHble coeaMHEHUs
Pa3BUBAIMCh TAKMM OGPA30M, YTOObI ObITh 3aCTPaXOBaHHLIMU OT HEYAAYU; OHU
JIOJDKHBI CPaGaThIBaTh KaX/blil pa3, a JYYIIUM CIOCOGOM HOCTHXKEHHUS 3TOTO
asageTcs reHepuposanue 6oabmoro BIICII. C apyroit ctopoHsl, eciu Gbl Bce
cunancel ITHC Moryi B OAMHOYKY 3aITyCKAaTh IIOTEHLUAIbI JEICTBUA B IOCTCH-
HaNTUYECKUX KIETKaX (KaK 3TO CJAYy4YaeTCs B HEHPOMBIIIEYHbIX COETUHEHUAX),
HEHPOH MaJO 4eM OTIMYAICA Gbl OT IPOCTOrO peTpaHcaATopa. BmMecTo atoro
60JbIIMHCTBO HEMPOHOB BBINOJHAIOT 60JI€E CJIOXHbIE BHIYMCJIEHUS, TPEGYIO-
mue oobearHeHus MHorux BIICII aas BO3HMKHOBEHMS CYyLIECTBEHHOI Aemno-
JIApU3ALMU TOCTCUHANTHYECKON MEMOPaHbL. ITO U NOJPa3yMeBaeTCs MO UH-
terpanueit BITCIL

Cymmanusa BIICII npeicrabiaseT co6oit mpocTeiimyio ¢opMy CHHanTHYe-
ckoit uaTerpanuu B ITHC. CymecTsyeT ABa BIAa CyMMAlMH: IPOCTPAHCTBEH-
Has U BpeMeHHas. [lox mpocTpaHCTBEHHOI cyMMalued IMOHHUMAIOT CYMMH-
posanue BIICII, oxHOBpEMEHHO BOBHMKIIMX B HECKOJbKUX CHHAICAX OJHOTO
AeHaputa. Bpemennoii cymmanueii HaspiBaeTca cymmuposanue BIICII, crene-
PUPOBAHHBIX B OJJTHOM CHHAIICE, €CJIM OHH BO3ZHUKIH ObICTPO OJMH 32 JIPYTHUM, C
npomexyTkoM 1-15 mc (puc. 5.19).

BnusHue CBOWCTB A€HAPUTOB Ha CUHANTUYECKYI0
WHTerpaumio

Jaxe nmocse cymmanuu Heckosnbkux BITCII Ha meHipuTe AenoJspuUsanus
MOXKET OKa3aTbCH HEJOCTAaTOYHOI, YTOOBI 3aMyCTUTh MOTEHLUAI AEHCTBUSA B
HeiipoHe. /1 reHepUpoBaHUs NOTEHLHaIA ACHCTBUSA 3apsi, MPOHUKAIOIUIA
B Me€CTaX CMHANTUYECKUMX KOHTAKTOB, JOJDKEH PacNpOCTPaHATbCA BBEPX IIO
aKCOHy M IIO TeJIy HEIIpOHa, BbI3bIBas JENOJIAPU3ALMIO MEMOPaHbI CNIaiiK-UHU-
LIMUPYIOIUX 30H J0 NOPOroBOro 3HadeHus. Takum o6pa3oM, 3¢ PeKTUBHOCTD
BO30yXJaIOLIEr0 CUHAICA B TeHEPHPOBAHUHU IOTEHLIMAIA JeiCTBUS 3aBUCUT OT
PaccTOSHUSA OT CHHAIICA A0 CIANK-MHULIMUPYIOIIEi 30HbI 1 OT CBOMCTB 060JI0U-
KU JI€H/pUTa.
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Puc. 5.19. Cymmauua BMCI. (a) NpecvHanTuyeckuii noTeHUmMan AencTeus Bbi3biBaeT He-
6onbLion BMCM B nocTcuHanTu4eckom HepoHre. (6) MpoctpaHcTeeHHas cymmauusa BMNCH:
Korga ABa wunm 6onee NPeCUHaNTUHECKUX CUrHana akTUBMPYHOTCA OAHOBPEMEHHO, UX OT-
nenbHble BMNCMN cymmupytotes. (B) Bpemennas cymmaums BMCN: koraa ogHo npecuHanTu-
4Yeckoe BOSIOKHO 3amyCckKaeT noTeHuuans! AeiCTBuA B 6bICTPOM NOCnefoBaTensHoCTH, UX
oraensHble BMNCM cymmupytoTtca

NpoBopaswKe cnoco6HOCTH AEHAPUTOB

YTOoO6b! 6bLJIO JIETY€ MMOHATD, KaK CBOMCTBA JE€HAPUTOB BIUSIOT Ha CHHAINTU-
YEeCKYI0 MHTErpaluio, MpeJnoIoXK1M, YTO OHU paGOTaIOT IO MPUHLIUIY 3JIEKT-
PHUYECKUX NPOBOJOB, KOTOPHIE SBJSIOTCS 3JEKTPUYECKH NMACCUBHBIMMU, T.€. He
HMMEIOT NOTeHIAI-3aBUCUMBIX HOHHBIX KaHAJIOB (B OTJIMYME OT aKCOHOB). Hc-
NOJIb3ysl AHAJIOTHUIO, NIPEAIOXKEHHYIO B IVIaBe 4, NpeACTaBUM, YTO MOCTYIJIEHUE
HOJIOKUTEJIBHOrO 3apsAfa B CHHAIC GyJeT NOJOGHO Mojaye BOABI MO JbIPSIBO-
My CaJlOBOMY LLJIaHTy (AeHApUT). Boga B HeM MoxeT 160 MOITH MO IPOCBETY
IIJIAHTA, JIMGO BBITEYb Yepe3 AbIPKU. AHAIOTMYHBIM OGPa30M JBYMS ITyTSIMU MO-
XKET MPOUTHU U CHHANITUYECKUIi 3apsA: 10 JEHAPUTY WU CKBO3b MEMGPaHY A€H-
aputa. ITo Mepe nepemenieHus 3apsia 1o AEHAPUTY U OTAUIEHUS OT CHHAIICa
ammnTysa BIICIT GyaeT CHIKAaTbCS B CBSA3U C YTEYKOH MOHHOTO 3apsijia uyepe3
MeMGpaHHbIe KaHaIbl. Ha onpesesieHHOM pacCTOSIHUM OT MeCTa NPOHUKHOBe-
Husd 3apsaja ammintysa BIICIT focturaeT HyeBoro sHa4eHus.

CHumxeHue Jenonspu3alii Kak pyHKIUs JUIMHBI J€HAPUTHOrO NPOBOJA I10-
Ka3aHO Ha puc. 5.20. /s ynpolueHus MaTeMaTUYeCKUX pacyeToB B 3TOM IIpU-
Mepe IMpEeAINoJIOKUM, UYTO JEHJPUT UMEET GECKOHEYHYIO JJIMHY, HE UMEET BeT-
Beif, a ero JuaMeTp IO BCeil AJIMHE OAMHAKOB. Mbl HCIIO/Ib3Y€M MUKPO3JIEKTPOX
JUIS1 IOJauy MPOJOJDKUTEIbHBIX HMITYJIbCOB MOCTOSHHOTO TOKA, BbI3BIBAIOIIETO
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JenoJspusanuio MemMbpaHbl. O6paTUTe BHUMaHHE: BEJUYMHA AENOISpU3aLIU
CHIDKAETCH 3KCIIOHEHLUWIBHO C YBEJIMYEHHEM pacCTOSHUA. Jlemnosspusainuio
MeMOpaHbl Ha ONPEJEJEHHOM pAcCTOSHUM (V ) MOXHO OMUCaTh CJAEAYIOMUM
ypaBHenuem: V =V _/ e¥A, rae V_ — nenosspusanus B Hayasle (MOJ 3JEKTPO-
JoMm), e (=2,718...) — ocHOBaHHe HaTypPIBLHOTO Jorapudma, X — pacCTOSTHHE OT
CUHAICa, a2 A — IOCTOSIHHASA, 3aBUCALIAs OT CBOMUCTB AeHApuTa. O6paTUTE BHU-
MaHue, 4To Koraax =A, oV =V_/ e. JIpyrumu ciosamy, VA=10,37 (V). Takoe
paccTosiHUE A, TAe JeNnoJIApU3aLMs coCTaBaseT 37% U3HAYIbHOMN, Ha3bIBAETCS
KOHCTaHTOM (MOCTOAHHOM) JUTHHBI e puTa. (IToMHMUTE, YTO JaHHbII aHAIU3
CUJIbHO ynpomeH. Pea}lebIe ﬂeHﬂpI/lTbI HUMEI0T KOHC‘{HYIO ,HJII/IHY, BETBATCA U Cy-
xatoTcs, a BIICII B Hux pasHble. Bce 3TH acniekThl BJIMAIOT Ha IPOXOXAE€HUE 3a-
psiza U, C1eX0BaTeJbHO, Ha 3(p¢eKTHBHOCTh CHHANITHYECKUX MOTEHINAIOB.)
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(6) [ [lnvHa feHapuTa

Puc. 5.20. CHnxeHue aenonspusaumm Kak hyHKUMA ANUHbI AEHAPUTHOro Nposoaa.
(a) Ha pengpuT nogatoT 3apsag n n3mepsioT genonapusauuio. Mo Mepe pacnpocTpaHeHus
3apsaaa no AeHapuTy 6onbLUAs ero 4YacTb paccenBaeTcs Yepe3 Mem6paHy. Takum 06pasom,
Aenonspuaauus, M3MepeHHas Ha HEeKOTOPOM PacCTOsIHWM OT MeCTa NOAAYN INEKTPUHECKO-
ro 3apsaa, 6yaer MeHbLUen, Y4eM HeNnoCpPeACTBEHHO B MeCTe noaayn. (6) Mpadwvk genonspu-
3aumm Mem6paHb! Kak hyHKUMA A4nnHbl AeHAPUTHOrO BONOKHA. Ha pacCTosHWUM A (KOHCTaH-
Ta anvHbl) genonapuaauma membpanbl(VA) coctasnseT 37% OT U3Ha4anbHOro 3Ha4YeHns



FnaBa 5. CuHanTuyeckas nepepaya 223

ITocTosiHHAA JUIMHBI TOKA3bIBAET, HACKOJbKO JAJIEKO MO aKCOHY MU JEHJ-
PUTY MOXET pPacHpOCTPAaHUTLCA Aenojspusanus. Uem Gosbllle KOHCTaHTA
JUIMHBI, TeM GoJibllle BEPOSITHOCTb Toro, uyTo BITCII, creHeprpOoBaHHbIil B yia-
JIEHHBIX CHHAICax, AENOJIApU3yeT MeMGPaHy aKCOHHOTO Gyropka. 3HaueHue
A B HameM (OpMaTbHOM, 3JEKTPUYECKH NMACCUBHOM JEHAPUTE, 3aBUCUT OT
JBYX (pakTOpoB: (1) cOnpoTUBJIEHUS MPOXOXAECHUIO 3apsAja IO JEHIPUTY, UJIN
BHYTPEHHEI0 CONPOTHBJIEHHU (1,); (2) COMPOTUBJIEHUS TIPOXOXKAEHUIO 3apsi-
Ja uepe3 MeMOpaHy, MM MeMGpaHHOro conpoTusaeHns (r, ). borbmas yacrs
3apsja noijeT nyTeM HauMeHbIIero conpoTusieHus. [ToaTtomy 3HaueHue A yse-
JIMYUBAETCA C TMOBbILIEHMEM MeMGPAHHOTO CONMPOTHUBJIEHHUS, TIOCKOJIbKY 6OJIb-
WM JEenosISpU3yIomuil 3apa/] NpoiiieT BHYTpU JEHJpUTa, a He “mnporeder”
CKBO3b MEMOpPaHy. 3HaYE€HHUE A CHMXXAETCS NPU MOBBLINIEHUN BHYTPEHHETO CO-
IPOTUBJIEHUS, IIOTOMY UTO B 3TOM CJIydae 3aps/y Jerde npoiTH CKBO3b MEMOPa-
Hy. Kak Bosia TeueT gable Mo IHPOKOMY IJIAHTY C HEGOIbIIMMHU U HEYACThIMU
IpopexaMu, TaK U CUHaIITUYECKUi1 3aps/] CKOpee IIEPEMECTUTCS 110 LIMPOKOMY
AEHJPUTY (HU3KOE TI,) C HEGOJIBIINM KOJTUIECTBOM OTKPBITHIX HOHHbIX KAHATOB
(BbICOKOE (T )).

BuyTpeHnHee conpoTuBIEHHE 3aBUCUT JUIIb OT AMAMETpa JE€HAPUTA U 3JIEK-
TPUYECKUX CBOMCTB LIUTOILIA3MbI; CJIEJOBATEIbHO, B 3pEJIOM HEifpOHE OHO OT-
HOCHUTEJIbHO MIOCTOSAHHOE. B cBOIO 0Ouepeib, MEMOPaHHOE CONPOTUBJIEHUE 3aBU-
CUT OT KOJIM4ECTBA OTKPBIThIX HOHHBIX KaHAJIOB, KOTOPOE IIOCTOSIHHO MEHAETCH
B 3aBUCHMOCTH OT aKTUBHOCTH JIPyrUX CHMHancoB. Takum o6pa3oM, NOCTOSTHHAS
JUIMHBI IEHAPUTA Ha CaMOM JieJie BoBce He nocTossHHa! Kak Mbl Bckope yBUaMM,
KOJIe6aHUSA 3HaY€HUsl A ABJIAIOTCH BaXXHbIM ()aKTOPOM CHHANTUYECKOil MHTe-
rpanuu.

Bo3byaumbie AeHAPUTDI

Bo Bpems Hanlero aHaJaM3a CBOMCTB J€HAPUTHOTO MPOBOJA MbI CI€JIAIH OYe-
peaHoe BaXXHOE JOoMNylieHHe: MeMOpPaHa A€HJPUTOB 3JIEeKTPUYECKH MAaCCUBHA,
YTO O3HAYAET OTCYTCTBHE y HEE NMOTEHIMaI-3aBUCUMbIX MOHHbIX KaHanoB. He-
KOTOPbI€ AEHAPUTBI B MO3TY UMEIOT IPAaKTHYECKH MMACCUBHYIO M HEBO30YAUMYIO
MeMOpaHy U IIO3TOMY IMOJXOAAT JJIS HPOCTBIX ypaBHEHUiI npoBoja. Hanpuwmep,
OYEeHb GJIM3KH K TACCUBHBIM AE€HAPUTHI MOTOHEPOHOB CIMHHOTO Mo3ra. OzHa-
KO GOJIbIIMHCTBO AEHJPHUTOB JajleKO He IMaCCUBHBL Y HEPOHOB 4acTO UMEIOT-
Cs1 AEHJPUTBI ¢ GOJIBIINM YHCIOM NMOTEHUHAT-3aBUCUMBIX HATPUEBBIX, KUIbLIH-
€BbIX U K&IMEBbIX KaHATIOB. Y JE€HAPUTOB PEAKO UMEETCS JOCTATOYHO MOHHBIX
KaHaJIOB, YTOGBI T€HEPHPOBATh IOJTHOIEHHBIE PACIPOCTPAHSIOMMECS OTEH-
[MaJbl JAEHCTBUA, KaK 3TO JAEJAIOT aKCOHbl. HO moTeHIuaI-3aBUCHMbIE HUOH-
Hbl€ KaHaIbl JI€HJPUTOB MOTYT BBIIOJHATD POJIb BAXHBIX YCUJIUTENEH CIaObIX
BIICII, Bosnukmmx Ha KoHue geHapuTta. BIICII, KoTophlii B JIMHHOM, TaCCUB-
HOM JIeHAPUTE CHU3MWICS Gbl NPAaKTUYECKH K HYJIIO, MOXET GbITh JOCTATOYHBIM,
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YTOGBI 3aITYCTUTh OTKPhITHE NOTEHINAT-3aBUCUMbIX HATPHEBbIX KAHAIOB, YTO B
CBOIO OYepeb yCWINBAET CUHANTUYECKHiT CUTHAI Ha €ro IyTHU K TeJy HeiipoHa.

Kax HU CTpPaHHO, B HEKOTOPBIX KIETKaX HaTpPHEBble NOTEHIHAI-3aBICHMbIe
KaHAIbl JE€HIPUTOB MOTYT HECTH 3JIEKTPHYECKHE CUTHAIBI B NPOTHBOIIOJIOXK-
HOM HanpaBJIeHUH, OT TeJIa U 110 AEHAPUTY. ITO MEXaHU3M, B Pe3YJIbTaTe KOTO-
POro CHHAIICHI Ha JIEHAPUTAX y3HAWT, YTO B TeJle HePOHA BO3HMK CHajik. 3To
TaKxe 0GOCHOBBIBAET I'UIIOTE3Y KIETOYHBIX MEXaHU3MOB OGYUeHU.

TopmoxxeHue

Mb! yxe yBujesnd, 4To HedaBucumo oT BausHusa BIICIT Ha BO3HMKHOBEHME
MOTEHIMala JE€HCTBUA, BBIXOAHOI CUTHal HEHPOHA 3aBUCUT OT HECKOJbKHUX
(pakTOpOB, CpeaH KOTOPBIX KOJHUYECTBO OJHOBPEMEHHO aKTUBHBIX BO30YXJa-
IOIIMX CHMHAICOB, PACCTOSTHUE OT CHUHAICA JO CAaHK-MHUIMUPYIOLIEl 30HbI U
CBOIiCTBa MeMOpaHbI JeHApUTa. EcTecTBeHHO, HE BCE CUHAMCHI B MO3TY ABJIAIOT-
cs BO3OyxJaomumu. JleiicTBeM HEKOTOPBIX CHMHAIICOB SBJSETCS OTAAICHHUE
MOTEHIMala MEMOPaHbl OT MMOPOrOBOTO 3HAaYEHUs NOTEHIUAIa AEiCTBUS; Ta-
KHE CHHAIChl Ha3bIBAIOTCA MOpMO3HbIMU. TOPMO3HDBIE CUHAICHI ABJIAIOTCA MOLI-
HBIMU PETyIATOPaMHU BbIXOJHBIX CUTHAJIOB HEIIPOHOB (Bpe3ka 5.6).

Topmo3Hoii nocTcuHanTuyeckuit notenynan (TNCM) u wyHTHpylowee
TOPMOXEHHe

IMocTcuHanTHYeCKHE PElenTOopPhI 04 60IbIIMHCTBOM TOPMO3HbBIX CHHAIICOB
O4YEHb CXOXXHU C PELENTOPaMHU BO30YXAAIOMIMUX CUHAIICOB; B OG0MX CJIy4asx 3TO
MeUaTOP-3aBUCHUMbIE€ HOHHbIE KaHaIbl. EIMHCTBEHHBIM CYIECTBEHHBIM OTJIH-
yueM fBJSETCS TO, YTO OHU CBA3bIBAIOTCA C Apyrumu meauaropamu (TAMK un
DIMIUHOM) U TO, YTO OHU NO3BOJIAIOT II0 CBOMM MOHHBIM KaHalaM NPOHUKATh
B KJIETKY Pa3IMYHbIM HOHaM. MeiuaTOp-3aBUCUMbIE KaHaIbl GOIbIIMHCTBA TOP-
MO3HBIX CHHAICOB MPOHUIAEMbI JIULIb JJISl OJHOTO ecTeCTBeHHOoro noHa, Cl.
OTKpbITHE XJIOPUAHOTO KaHata no3posseT Cl” nepecekaTh MeMGpaHy B TOM Ha-
IpaBJ€eHUH, KOTOPOE MPUGIMKAET MOTEHIMAT MEMOPaHbI K MOTEHIUATY XJIO-
puanoro paBHosecus, E, —65 MB. Ecin Ha MOMEHT BblieIeHUs] HeifipoMeua-
TOpa OTpPULIATEJbHOE 3HaY€HHUE NMOTEHINaIa MeMOpaHbl 66110 GoJbine —65 MB,
TO OTKPBITHE 3TUX KAHAJIOB NPUBEAET K TMIIEPIOJIAPUIYIONIEMY TOPMO3HOMY
nocrcuHanTudeckomy norenuuany (TTICIT).

O6paTuTe BHUMaHME, YTO €CJIU MOTEHIHaI MOKOS MeMOGPaHbl GbLT U3Ha-
YaIbHO paBeH —65 MB, To nocie akTuBauuu xn1opuaHeix kaHatos TIICIT ne 6y-
JET BUJEH, MIOCKOJIbKY 3HAUEHHUE NMOTEHIMAIA MEMOPaHbI yxe 6bLI0 paBHO E
(T.€. moTeHNMATy peBepCUM AJIS 3TOro CHHarmca, cM. Bpe3ky 5.4). Eciu TIICII
HEe BUJEH, B CAMOM JIH JieJie HEIIpOH 3aTopMoXxeH? IIpaBuibHbBIiL OTBET — Aa.
PaccmoTpuM cuTyanuio, mokasaHHyio Ha puc. 5.21, ¢ BO36yXAai0IKUM CHHAIICOM
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BosbyxnaioLuuii TopMO3HOIA
CUHanC (akTvBeH) CUHaNC (HeakTUBEH)
Hennpur / /
Teno HelpoHa

N7

7 k“——

AKCOHHbIi1

3anuce V,, i’\ 6yropok
BMncCn

v, vV, Tena

neHpputa HelpoHa

(a)

Bos6yxpatoLLuit TopMo3Hoit
CUHAnNC (aKTueeH) CVMHanC (aKTvBeH)

[Oenpput .
Teno HelpoHa
A ~
(( 7 27
/ AKCOHHBIN
3anucb V,, 3anucs V, Oyropok
BMcn
V., V, Tena
LeHapuTa HelpoHa

(6)

Puc. 5.21. lWyHTUpyloulee TOpMoXXeHue. HeilpoH nony4aeT oanH Bo36y>XAaloWmin U OAnH
TOPMOS3AWMA BXOOALWMUA curHan. (a) Bosbyxpaaowan CTUMYNAuUMA Bbi3blBaeT ABMKEHWUE
BHYTPEHHEro NOoCTCMHANTUHECKOro 3apsfa K Teny, rae OH CMOXeT 6blTb pacno3HaH Kak
BMCN. (6) Npv ogHOBpEMEHHOM CTUMYNALM BO36YXXAAIOLLIEr0 M TOPMO3HOr O CUHANCOoB Ae-
NONAPU3YIOLLMIA 3apsAA BbIXOAUT U3 AEHAPUTA eLLe [0 TOro, Kak AOCTUrHET COMbI

B JMCT@IbHOI YaCTHU JEHAPUTA U TOPMO3HBIM CHHAIICOM B €r0 NPOKCHUMab-
HOI1 4acTH, BO3JIE COMbL. AKTUBAIM BO30YX/JAIOMIETO CUHATICA BEJAET K IOCTYII-
JIEHUIO B J€HJPUT MOJIOXKUTEIbHOrO 3apsaga. Ho B MecTe akTUBHOTO TOPMO3-
HOTO CHHaIca MOTeHUMal NMpUGIU3UTEIbHO paBeH —65 MB. Takum o6Gpasom,
TNOJIOXKUTEJIbHBIN 3apA/l B 3TOM MECTE NPOXOAUT YePE3 MEMOPaHY HAPYXKy, IPU-
6/1MXas MOTeHIMaI MeMGpaHbl K 3HaueHMIo —65 MB. Takoii cunamnc geficTsy-
€T NMOAOGHO 3JEKTPUYECKOMY INYHTY, MpEAOTBpamas JalbHeillee JBHUKEHUE
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MOJIOXKUTEJBHOTO 3apsja Yepe3 TeJo K aKCOHHOMY GYTOpKy. 3TOT THII TOPMOXe-
HMS Ha3bIBA€TCH IIYHTHPYWOIIUM TopMoxxeHueM. PakTHuecku ¢u3ndeckoii
OCHOBOI1 IIYHTUPYIOIIETO TOPMOXEHUSA SBJIAETCH ABHXKEHUE OMPUYAMEALHO 3a-
PANCEHHBIX UOHOE XA0PA EHYM P, YTO (POPMATLHO PABHOLIEHHO JBHIKEHUIO N0AONCU-
meavrozo sapada napysxcy. lllyHTupyomee TOpMOXXEHNE HAIIOMUHAET BbIpE3aHHE
60JIbLION ABIPKM B HallleM CaJOBOM IIJIaHre. bonblias 4acTh BOAbI BBITEYET U3
IIJIJAHra UMEHHO 3TUM IIyTEM HAaUMEHBIIETO COINPOTHUBJIEHUA €lle JO TOro, Kak
JOCTUTHET KOHLIA IUVIAHTa U €€ MOKHO OyZleT UCI0/Ib30BaTh AJIS [TOJIMBA LIBETOB.

TakuM 06pa3oM, Bbl YBUAEIH, YTO J€ICTBHE TOPMO3HBIX CHHAIICOB TaKXke
BJHsieT Ha cuHanThdeckylo uHterpanuio. TTICIT ymenbmaer pa3mep BIICII,
CHIDKAsi BEPOATHOCTb BO3HUKHOBEHHUS B IOCTCHUHANTHYeCKOM HeiipoHe Io-
TeHuHuaIoB JeiicTBusa. Kpome Toro, myHTHpyoLee TOPMOXKEHHE paJUKaJIbHO
CHUDKAET NMOTEHLMAT MEMGPAHDI I' | U, KaK CJIEJICTBUE, A, TEM CaMbIM MO3BOJIASA
IIOJIOXUTEILHOMY 3apsily MPOMTH CKBO3b MEMGPaHY BMECTO TOTO, YTOGBI Iepe-
MEUATbCs BHYTPU JI€HAPUTA K CIaiK-MHULIMHUPYIoIeil 30He.

leomeTpua BO36YXAAOLWKUX U TOPMO3HBIX CUHANCOB

TopMo3Hble HEIIPOHBI MO3ra, UCNOJb3yIOUMe A1 Helipomeananun TAMK
Y DIMIUH, UMeIOT MopdoJjorndyeckue xapakTepuctuku II tuna mo Ipero
(puc. 5.8, 6). 9Ta CTPyKTypa NPOTUBOIIOJIOXHA BO30YXKJAIOUINM CHHAICAM, UC-
NOJIb3YIOIUM FIyTaMaT U umeromum mopdooruio I Tuna no I'pero. Takas cBa3b
MEX]y CTPYKTYPOI U (pyHKIIME [TOJIe3Ha A1 HOHUMAaHIA T€OMETPUYECKUX B3a-
MMOOTHOUIEHU MeXJy BO36GYX/JAIOIMMHU U TOPMO3HBIMU CHUHAIICAMU OTJEJb-
HbIX HeHpOHOB. Kpome TOro, 4To OHM NMPUCYTCTBYIOT IO BCEil JJIMHE JEHAPU-
TOB, TOPMO3HbIE€ CUHAIIChl HAKATUIMBAIOTCSA B TEJIE U BO3JIE AKCOHHOTO Gyropka
HEHPOHOB, I'ie OHU UMEIOT 0COGO BBITOJHOE IOJIOXKEHUE JJIsl BIUSHUSA Ha aK-
TUBHOCTb MIOCTCUHANTUYECKOTO HEJIpOHa.

Moaynsauus

B 6onbmMHCTBE CHHANTHYECKUX MEXaHU3MOB, YK€ PaCCMOTPEHHBbIX HaMH,
TEM UJIM UHBIM 06pa30M y4acCTBYIOT HEHpOMEAUATOPHbIE PELENTOPbI, KOTOpbIE
caMH 1o ce6Ge ABJIAIOTCS HOHHBIMU KaHataMU. besycioBHO, yepes MeguaTop-3a-
BHCHMbIE MOHHbIE KAHAIbI IIEPEHOCUTCS OCHOBHAsI Macca crenuduyeckoit uH-
¢opmanuy, o6pabaTeiBaeMOii HepBHOI cucTeMOil. OZHAKO CyIIECTBYET GOJIb-
IIO€ KOJMYECTBO CHMHAICOB C PELENTOpPaMHu, conmpskeHHbIMU ¢ G-Geskamu,
KOTOpbI€ HE UMEIOT HENOCPEJCTBEHHOM CBA3M C MOHHBIMU KaHaTaMi. CHHANTH-
yeckasl aKTUBAlLUsA 3TUX PELIENTOPOB He nopoxaaeT HernocpeacTseHHo BIICIIT
u TIICII, Ho Modugduyupyem sddextusaocts BIICII, reHepupyeMbIx JpyruMu
CUHANCcaMi C MeAUATOpP-3aBUCHMMbIMM KaHalamu. Takasa ¢opma cuHanTuye-
CKOI1 aKTMBAllUM HAa3bIBAETCA MOAYAAIHUeil. Mbl BKpaTile MOSACHUM BIUsSHUE
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3710 NHTEepecHo

BHesanHas BCnbilka MonNHWW... Packar rpoma... MNprkocHOBEHWE K nnedy, Koraa
Bbl yBEPEHbI, 4TO AgomMa Hukoro! Bce aTu cobbiTA, ecnvu NPOMCXOAAT HEOXWMAAHHO,
BbI3bIBAIOT CXOAHYIO Peakumio: Bbl NOACKAKMBAETE Ha MECTE, BaLLIe NNLIO NCKaXaeTcs,
TENO CXMMAETCH, a AbIxaHne yckopseTcs. BceM HaM xOpoLIO n3BeCcTHa KpaTkoBpe-
MEHHas, HO ApKas peakums ucnyra.

Ho, ocosHaBasq, 4To 37O rpo3a, a A0Ma eCTb eLle KTO-TO, Mbl Nyraemcs ropasgo
MeHbLe. Mbl 6bICTPO NpuBbIkaeM 1 paccnadnsemcs. Ho ana He6onbLIoro Yvmcna Mbil-
e, KopoB., nowaaen, cobak 1 Nofen Xn3Hb NPeacTaBnaeTca nocnefosaTentHo-
CTbIO @aHOManbHO akTUBHbIX peakumii ucnyra. [Jaxke NpuBbl4HbIE pa3gpaxuteny, Ta-
KMe Kak XnonaHbe B NagoLLUn UM NPUKOCHOBEHME K HOCY, MOTYT BbI3BaTh Y Yenoseka
CTYNop, HENPOU3BONbHbIN KPUK, PE3KOE CrubaHne pyk 1 HOr 1 fJaxke NageHne Ha 3em-
no. YTO ewwe xyxe, 3TN peakumm He ocnabesaroT NPU NOBTOPHBLIX BO3HWKHOBEHUAX
cTuMynoB. bonesHb ncnyra Ha3bIBAETCA rUNepIKnNIEKCHEN, a NePBLI ee cny4ai Gbin
3adhmKCUPOBaH Y 4NeHoB hpaHLy3CKO-kaHaACKOM 06LLUmHbl ApOBOCEKoB B 1878 1. ['n-
nepaKnnekcus — 3TO HACNeACTBEHHOE COCTORHME, KOTOPOe BCTpeYaeTcs y noaemn
no BCEMY MVPY MOA Pa3HbIMM Ha3BaHWAMMK: “npbiraowmin opaHuys na wrata Man”
(KBebek), “MaHepuK” nnun “MeHspuderbe” (Cnbups), “nata” (Manainaus) n “HeucToBbIn
kamkyH" (Jlynanana).

Ha gaHHbIi MOMEHT Ham M3BECTHA MONEKyNApHasa OCHOBA ABYX pPacnpOCTPaHeH-
HbIX TNOB 6onesHn nucnyra. MNpuMedarensHo, 4TO B 060UX CnyYasx NPUCYTCTBYIOT
AeeKTbl TOPMO3HbIX MULUMHOBBIX peuenTopoB. [epBbii TN, CBOMCTBEHHDBIM NOAAM
W MyTa@HTHbIM MbILLAM, HA3bIBAETCH Cr1asMaTMyecKM 1 BbI3bIBAETCH MyTauUaMU reHa
rMULMHOBOrO peuenTtopa. /3MeHeHns 34echk camble MUHUMArnbHblE — HEBEPHO 3a-
KOAMpOBaHa NULWbL OAHa aMuHoKMcnoTa n3 6onee 4Yem 400 — HO B pedynbTaTe 3T0ro
XNOpWaHbIE KaHanbl NPy BO3AENCTBUM HEMPOMEANATOPa MULMHA OTKPLIBAIOTCS PEXE.
Brtopoit Tun 60ne3Hn ncnyra HabniogaeTcs y MyTaHTHbIX MblLEN NMHWN CracTuk n'y
poratoro ckoTa. Y 3TUxX XMBOTHbIX 3KCNPECCUPYIOTCA HOPManbHbIe MULMHOBbLIE pe-
LenTopbl, HO MX KONMYECTBO CHMXXEHO. TakMM 06pa3oM, ABe pasHble hopMbl 6onesHn
pas3HbIMK NyTAMU NPUBOAAT K OAHOMY NeYanbHOMY pesyneTaTy: HelMpomeanaTop rmw-
UMH MEHEE aKTUBHO TOPMO3UT HEMPOHbI FONOBHOMO M CMIMHHOTO MO3ra.

BONbLUMHCTBO HEMPOHHBIX CXEM MO3ra 3aBUCUT OT XPYNKOro 6anaHca cuHanTude-
CKOro BO36y>KAeHna 1 TopMOXeHus. Ecnn ycunmnsaetcs Bo36yxaeHve nnn ocnabns-
€TCs TOPMOXXEHWE, MOTYT BO3HMKATb TYPOYNEHTHbIE N rMNepBo36yanMbIE COCTORHUS.
HapyLwenne dyHKUMM rmnumnHa NpuBOAUT K YPe3MEPHOMY UCnyry; ocnabneHne dyHK-
unm FAMK nprBOAWT K Npunagkam v anunencun. Kak xe neunts Takve 3abonesaHna?
Norwvka 3peck NpegensHO NPocTa 1 Npo3paYHa. Ha noMoLwb NpuayT nekapcTea, ycu-
nuBatoLLme TOPMOXKEHVME.

leHeT4eCcKe MyTaumm MUUMHOBOW CUCTEMbl HAaNOMWHAIOT OTpaBNeHne CTPUX-
HUHOM. CTPUXHWH — 3TO MOLLHbIA TOKCWH, KOTOPbIA O0ObIBAOT M3 CEMSAH W KOpPbI
HEKOTOPbIX pacTeHuit n KycToB poga Strychnos. Ero Bnepsble Bbigenunu n onpeae-
NN XMUMUYECKYIO CTPYKTYPY B Hadane XIX seka. CTPUXHWH TpaauuMOHHO MCNONb-
30Bancs epMepamMmm Ana YHUHTOXEHUA rPbI3YHOB, a Takxe ybuiuamv. MexaHnam
€ero AencTBmsa NPOCT: OH ABNAETCA aHTArOHUCTOM FNMUMHOBBLIX peuenTopos. flerkoe
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OTpasneHne CTPUXHUHOM YCUMBAET UCNYT 1 NPOYME peddneKChl, HANOMMHANA TeM ca-
MbIM FMNEPIKNEKCUIO. BbICOKME [03bl CTPUXHMHA NPAKTU4ECKN NONHOCTBIO BbIKMIO-
4aloT MMUUMHOBYIO NepedaYy B rofloBHOM M CMMHHOM MO3re. 3TO NPUBOAWT K HEKOH-
TPONMPYEMBbIM CYLOPOraMm v NPOU3BOSbHBLIM MbILLEYHbIM COKpPALLEHUAM, K cnasmy n
napanu4y AbIXaTenbHbIX MbIlL W, B KOHLE KOHLOB, K CMEPTH OT yayLibsA. JTO O4eHb
6onesHeHHasa 1 My4uTenbHas cMepTb. HO CTPUXHWH HE BbI3bIBAET HAPYLLEHWSA KOTHK-
TUMBHOW M CEHCOPHOM OYHKUMI, NOCKONbKY MUUMH He ABNAETCA HerpoMeamaTtopom
BbICLLMX MO3rOBbIX LLEHTPOB.

MOJYJAIMM Ha CHHANTHUYECKYIO MHTErpaIyio, paccMOTpeB 3¢ ¢eKThl aKTHBa-
IIMM OJHOTO TUIIA PelieNTopa, conpsikeHHoro ¢ G-6ejkoM, B Mo3re — B-Hopa-
JPEHATMHOBOTO pelenTopa.

CasaA3bIBaHME aMUHOBOTO HelipoMeauaTopa HopajgpeHanuHa (HA) c f-penen-
TOPOM 3aIlyCKaeT B KJIeTKe KacKaJ 6MOXUMHUeCKUX peakumii. Ecm BkpaTue, TO
B-penenTop akTuBUpyeT G-6€70K, KOTOPBIl B CBOIO OUYe€pPEab aKTUBUPYET BHY-
TPUKJIETOYHBII (pePMEHT afleHUIATIHMIUIA3y. AleHMIaTIINKIa3a KaTaIu3UpyeT
XUMMYECKYIO PEaKIUIO, NMpeBpalanIlyio ageHo3uHTpudocdar (ATP), npo-
JYKT OKMCJIUTEJILHOrO MeTa6oJu3Ma MUTOXOHJPMI1, B COeIJUHEHHUE, Ha3blBae-
MO€ IMKJIMIECKHM aileHO3MHMOHOgocdaToM, niu nAM®P, KOTOpO€ CBOGOJA-
HO PacTBOPSIETCSA B IUTO30J€. [lepeoe XMMUYECKOE MOCTaHHE CUHANITHYECKOI
nepejauu (BblAejeHUe B CMHanTU4eckyio meab HA) npeo6pasyercsa B-penen-
TOpoM BO gmopoe mocianue (LAM®P); tAM® apyiseTcsi npUMepOM BTOPUYHOTO
IOCpEeHUKA.

Adpdexkrom HAMP sBngETCA CTUMYAALUS JPYrOoro pepMeHTa, U3BECTHOTO
KaK IpOTeMHKHHa3a. IIpOTeMHKHHA3bI KaTaIM3UPYIOT XMMUYECKHE peaKLUuu
¢$ocpopranposanus, nepenoca pocdarnoii rpynnst (PO,) or AT k 0co6pMm
MeCTaM BHYTPHUKJIETOYHbIX 6€J1K0B (puc. 5.22). Baxxnas posb pochopuamnposa-
HUS 3aKII0YAE€TCSA B TOM, YTO OHO MOXET MEHATb TPEXMEPHYIO CTPYKTYpY 6GeJIka,
TEM CaMbIM U3MEHSS €r0 aKTUBHOCTb.

B HExOTOpBIX HEHPOHAX OJAUH U3 6€IKOB, (POCHOPUINPYEMBIX NPU MOBLI-
IIEHUU KOHIeHTpauuu UAM®, aBnsgeTcs oco6bIM BUJOM KaIMEBLIX KaHAJIOB
060J104KM JeHApUTOB. PochopurnpoBaHre 3TOro 6€JIKa BbI3bIBAET 3aKPbITHE
3THX KaHAIOB, TEM CaMbIM CHIKast NPOHUIIaeMOCTh MeMGpaHbl 111 K*. Camo no
ceGe 3TO He BBI30OBET TParMyeCcKUx IOCIEJCTBUIL A1 HeilpoHa. Ho B3rmisHeM
Ha [MOCJIEACTBUSA WUPeE: cruxcenue nposodumocmu K nosviuaem conpomusgasemocms
MeMOParL OeHOPUMA, MEM CAMBIM YEEAUUUBAR NOCTOAHNYIO 0AUHD. ITO HAITOMUHA-
€T 0OMaTbIBAHME NPOTEKAIOIETO UIAHTA U30JEHTOM: 60JIblIe BOAbI GYAET T€Yb
IO IPOCBETY IVIAHTa ¥ MEHbIIIE BBITEUYET Yepe3 AbIpbl. BeeacTaue ysenyenus
A cabble MM yAaleHHblE BO30GYXKAAIONME CHUHAICHI CTAaHYT 60Jiee aKTHUBHBIMU
BO BpeMs JeNOoJIApU3aluy B CaK-MHULIMUPYIOLIEil 30He; KJIeTKa CTAHOBUTCSH
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60.Jee BO36yAUMOIL. Takum o6Gpa3oMm, cBs3biBaHue HA ¢ B-penentopoM BbI3bI-
BaeT HE3HAYUTe/IbHble U3MEHEHUS MTOTEHIIMaIa MEMOPAHBI, HO CUJIbHO BJIUSET
Ha peakLMIO B OTBET Ha CTUMYJIAIUIO APYTUX BO30YXAalomux cuHamncos. [3-3a
TOTO, 4TO 3TOT IPOLIECC UMEET HECKOJIbKO IIPOMEXYTOYHbIX 3TAIIOB, OH MOXET
JJIMThCS HAMHOTO JI0JIbllIE, YEM CyIIECTBOBAHHE MOJYJIMPYIOLIEro Helipome1ua-
Topa.

Kanuesblin

p-peuentop  HA kaHan

AneHunaTumknasa

Puc. 522. Mogynsuua B-HA peuentopom. (1) CeAsbiBaHWe HOopagpeHanvHa C
peuenTopomM akTusupyeT G-6enok membparsl. (2) G-6enok akTuempyet hepMeHT
afenvnatumknasy. (3) AgeHmnaTtumknasa npespawaeT AT BO BTOPUYHBIV Nocpea-
HUK UAMOD. (4) UAMO® akTuBMpyeT NpoTenHknHaay. (5) MNpoTenHkuHasa BbI3biBaeT
3aKpbITUE HATPUEBLIX KAHAMOB NYTEM CBA3bIBAHWA C HUMU chocchaTHOW rpynnbl

MbI onMcaIu JIMIIB OJUH PELENTOP, CONPSXKEHHBI ¢ G-6eJKOM, U NOCIe]-
CTBUS €r0 aKTHBALMK B OJHOM ONpe/ieIEHHOM TuIe HeifpoHoB. Ho ouenb Bax-
HO IIOHMMATbh, YTO APYTHE TUIIBI PELIENITOPOB MOTYT IPUBOAUTD K 06Pa30BaHUIO
JPYrUX MOJIEKYJ BTOPHUYHBIX IIOCPEAHUKOB. AKTHUBALMA KOKAOTO U3 THUIIOB pe-
LENITOPOB 3alyCKaeT OTAEJbHbIN KackaJ GMOXMMHMYECKUX peaKLMii B OCTCH-
HANTHYECKOM HellpOHe, KOTOPbIi1 He BCeraa NPUBOAUT K (pocOpHIMPOBaHHUIO
Y CHIXKEHHUIO MeMOpaHHOI1 npoBoauMocTy. Ha camom ke neine ntAM® B xret-
Kax Jpyroro THIa c APyruMH (pepMEeHTaMU MOXET IPUBOJUTD K (PYHKIMOHAIb-
HO IIPOTHBONOJIOXKHBIM U3MEHEHUSIM MEMGPaHHOI IPOBOJNMMOCTH.

B m1aBe 6 Mbl mpuBeseM U Apyrue NpuMepbl CHHANTHYECKOH MOAYIALNUU U
uX MexaHu3MoB. Ho BbI yxe HaBepHsKA 3aMETUJIU, YTO MOIYJIATOPHbIE (pOPMBI
CHHANTHYeCKOH Nepefaydd NpejjaraioT NpakTH4Yecky Ge3rpaHuyHOe KoJuye-
CTBO CIIOCO60B TpaHCGOPMalUU U MCIOJb30BAHUA NOCTCUHANITUYECKUM HEil-

poHOM HMHGOPMaALMH, 3aKOJAUPOBAHHOI UMIYJIbCaMH OT INPECHHANTHYECKOTO
HeltpoHa.
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PE3IOME

B 3T0Ii1 maBe packpbIThl 6a30Bble IPUHIIUIBI XUMHUYECKOI CHHANITHYECKOMH
nepegayu. ITorennuan geiicTBUs, BOSHUKAIONUUI B YyBCTBUTEJILHOM HEHPOHE,
KOTJia Bbl HACTYIA€ETE HA KAHLIEJISAPCKYIO KHOIIKY, B IVIaBe 3, KOTOPbIii 3aTe€M IIpo-
1IeJI IO aKCOHY B mIaBe 4, ceifyac JOCTUT TEPMHHAIM aKCOHA B CIIMHHOM MO3-
re U B 3Toi maBe. Jlenoisapusanusa TePMUHAIN 3allyCTH/Ia TPECUHANITUYECKOE
pxoxaeHre Ca* mo NOTEHUMAI-3aBUCUMbIM KaJIbLIME€BbIM HMOHHBIM KaHalaM,
KOTOpbl€ 3aT€M CTHUMYJIHPOBAJIN 3K30LIUTO3 COAEPKUMOro CUHAIITUYECKUX ITy-
3bIpbKOB. Bhlie1IeHHbIIT HelipoMeIUaTOp PaCTBOPMIICA B CHHANITMYECKOIT IIeIn
U CBSI3QJICA CO crienMpUYECKUMU pelleNTopaMi OCTCUHANTHYEeCKOil MeMGpa-
Hbl. HeifpoMeanaTop (BeposiITHO, IIyTaMaT) BbI3BAI OTKPBITHE MeIUaTOP-3aBU-
CHUMbIX HATPHUEBbIX KAHAIOB, YTO MO3BOJIMJIO NOJOXUTEIbHOMY 3apsAy IPOHUK-
HYTb B NOCTCUHANTUYECKUI JeHAPUT. H3-3a TOro, 4To 4yBCTBUTEJIbHbIN HEPB
CTajl FeHEPUPOBATh MOTEHIMAJIbI AEHCTBUSA C BLICOKOI YaCTOTON U B pe3yJbTa-
Te OJHOBPEMEHHOI1 aKTUBalluu MHOTUX cuHancos, BIICIT cymmuposaiucs, no-
BblIIas MOTE€HLUMAJ CNAK-WHUIIMUPYIOLIEH 30HbI NOCTCUHANTUYECKOTO Heipo-
Ha /10 IOPOTrOBOro 3Ha4Y€HUs, a 3aTEM 3Ta KIeTKa reHepupoBajia COGCTBEHHbIIA
noTeHIuaI AeicTBUA. Ecm aToM KI1eTKO ABIsieTCs JBUraTeIbHbI HEHPOH, TO
3Ta aKTUBHOCTD BbI30BET BbICBOOOXAeHUE AX B HEIIpOMBILIEYHOM CHHAIICE U
COKpallleHHE MBI, 6JIar0fiapsi KOTOPOMY Bbl OTAE€PHETE HOTY OT KHONKU. Ecin
NOCTCUHANTUYECKON KIETKOI OyAeT BCTAaBOYHBINH HEHPOH, MCHOJb3YIOIHUII B
kauecTBe HeifpoMeanaTopa AMK, To akTHBHOCTb 3TOil KJETKH NpPHUBEAET K
TOPMOXEHHMIO €€ KIeTOK-MulleHei. Ecam xieTka ncnosb3yeT MOAYIATOPHbIH
HelipoMeaHaTop, Takoil kak HA, To ee akTMBHOCTb MOX€T BbI3BATh IIPOJOJIXKU-
TeJIbHOE M3MEHEHHe BO30YANMOCTH MJIM METab0/IM3Ma €€ CUHANTUYECKUX MU-
meHeil. Takoe pasHOOOpa3nie XMMHYECKUX CHUHANTHYECKUX B3aHMOJEUCTBUIA
0GYCJIOBIIMBAET KOMILJIEKCHBIE NOBEJIEHYECKHE PeaKLMH (HapuMep, MpOUCXO-
JslI1e OJHOBPEMEHHO KPUK GOJIM U OTAEpPruBaHie HOrM) B OTBET Ha NPOCThIE
paszpaxuTeyd (Bbl HACTYNHIM Ha KaHIEJIAPCKYIO KHOIIKY).

B 3Toi1 maBe Bbl MO3HAKOMMJIMCh C XMMHUUYECKON CHHANITUYECKOI nepena-
Yeii, HO MBI €llle He PaCCMaTPUBAIU AETAIN Xumul CUHANITUYECKON nepejadu.
B rraBe 6 Mbl moapoGHEE U3YYUM XMMHUUYECKHE NMPOLECChl pa3jIMYHbIX HEHpO-
MeJMAaTOPHBIX CHCTeM. Bbl yBUAUTE, YTO XMMMs CHHANTUYECKOH INepeiadu
KpaifHe BOXHA, IOTOMY YTO HapyllEeHUs HEHPOMEANALIMH ABJIAIOTCA IPUYNHON
MHOTUX HEBPOJIOTHMYECKUX U NCUXHATPUYECKUX 3a60JeBaHUil. [la 1 MexaHU3M
JEeHCTBUS NPAKTUYECKHN BCEX ICUXOAKTUBHBIX BEIIECTB — KaK JIECYEOHDIX, TaK U
HapKOTHUY€CKHX — OCHOBBIBAE€TCS] HA XMMHYECKOM BO3AEIICTBUM Ha CHHAIICHI.

Kpowme yuactus B 06paGoTke HepBHOI1 MHGOPMALMK U B AEHCTBUM JIeKap-
CTBEHHBIX IPENapaToB, CMHANTHYECKas Nepefayda TaKXKE SIBJISETCS KII0YOM
K MOHWMaHUIO HEHPOHHBIX OCHOB OOyYe€HMs M NaMATH. BocnomuHaHus o
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MEPEXUTOM ONbITE 3AKPEIIAIOTCA B MO3ry 6yarofaps moaudukanuam spdex-
TUBHOCTHU XMMHYECKUX CUHAIICOB B MO3re. B 3Toii riiaBe npeAcTaBI€HbI BO3MOX-
Hble MeCTa 3THX MOJU(HUKALMIA, OT U3MEHeHUs npoHnnaemocty Ca® B nmpecu-
HaIITUYECKOM HeifpOHe 0 U3MEHEHMI NOCTCUHANITUYECKUX PEleNITOPOB.

O |
s

KnioueBble TepMMHbDbI

Bcerymienne
CHMHanTUYeCKas nepejaya
XUMMYECKUH CUHATIC
3JIEKTPUYECKUNA CUHATIC

Tune! cunancos

aKTHUBHas 30Ha

JBUraTe/bHAsi KOHEYHas IUIa-
CTHHKA

MeMOpaHHas AuddepeHuanus

HEHPOMBILIEYHOE COEJUHEHUE

NOCTCUHANTUYECKUI MOTEHIMAT
(T1ICII)

MOCTCUHANTHYECKOE YIIJIOTHEHHE

ny3bIpeK C MJIOTHBIM EHTPOM

CeKpeTOpHas rpaHyJa

1€eJIeBbl€ COEUHEHUS

IIpuHIMUNBI XMMUYECKOMH CH-
HanTHYeCKOoii nepegayn

G-6enxun

aBTOPELENTOPbI

arOHMCTBI PELENTOPOB

aHTAarOHHCTBI PELIEITOPOB

ALETHIXOJHH

BO3GY>KAAIOIHi1 MOCTCHHANTHYe-
ckuit norenuuan (BITCIT)

BTOPHYHBIE OCPEIHUKU

raMMa-aMHHOMACJIsTHast KHCJIOTa
(TAMK)

DIULUH

rJyTamaT

WHTUOUTOPbI

MeIaTOP-3aBHCHMbIE€ HOHHbBIE
KaHaJIbI

MeTaGOTPONHbIE PEENTOPSI

HelipodapMakoJorus

HUKOTUHOBbIE AX-penenTophbl

NePEHOCYUKH

MOTEeHUMaI-3aBUCUMbIE KaJlblIe-
Bbl€ KaHAJIbI

PelenTopbl, CONPSKEHHBIE C
G-6enxamu

TOPMO3HOM ITOCTCUHANITUYECKUI
notenuuain (TTICIT)

3K30LI1TO3

3HAOLIUTO3

IIpuHIMNIBI cHHANITHYECKOM
HHTer paluu

aJleHHJIaTIUKIa3a

BHYTPEHHEE CONPOTHUBJIEHHE

BpEMEHHas CyMMalus

KBaHTIbHBI aHAIN3

MEMOpPaHHOE CONPOTHUBJIEHUE

MHHHUATIOPHBII1 IOCTCUHANTHYE-
CKHI1 MOTEHUUA

MOZYIALUS

HopajpeHanuH (HA)

MOCTOSIHHAS JUIMHbI

IPOCTPAaHCTBEHHAs CyMMaLUs

INPOTENHKUHA3BI

CHHAINTHYeCKasg HHTerpalus

cymmanus BIICIT

¢ocdopuruposanue

nAM® (qurIndecKuit aieHO3UH-
MoHogocdaT)

IIYHTHUPYIOIIee TOPMOXXEHHNE
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Bonpocb! Ansi camonpoBepKu

YTo 03HaYaeT KBAaHTAILHOE BblJE/I€HUE HelipoMeauaTopa?
Ecau BBl akTHBMpYeTE alleTUIXOJMHOM HUKOTHHOBbIE pellen-
TOpBI MBIIIEYHOI KIETKH, B KaKyl0 CTOPOHY GyA€T HanpaBleH
TOK 110 peNenTOopHbIM Kanatam npu V= -60 MB? [Ipu V_ =0
mMB? Ilpu V= 60 mB? [Touemy?

B >sToit rnase 6b11 paccmorpen TAMK-3aBucHMBI penenTop,
nponunaemblii gia Cl~. TAMK Taxxe akTHBHpyeT peuenTop,
conpskeHHbIi ¢ G-6esxoM, HasbiBaemblit TAMIC,-peyenmopon,
YTO NMPUBOJUT K OTKPBITHIO KaJIUH-U36UpaTENbHBIX HOHHBIX Ka-
HanoB. Kakoe BiusiHMe Ha MOTeHIMAT MeEMOpPaHbl UMEET aKTH-
Baius TAMK -penentopa?

Brl moslaraeTe, 4TO OTKPbLIM HOBbIIT HEpOMEAMATOP U U3yYae-
Te ero BozjieiicTBUe Ha HeifpoH. [ToTeHIMan peBepcUn B OTBET
Ha HOBOe coeJuHeHMe paBeH —60 MB. 9To BemecTBO sABAsSETCA
BO30Y>XKJaIOMNM UJIN TOPMO3HbIM? [Touemy?

IIpenapaT CTPUXHUH, NOJy4YaeMblil U3 CEMSIH JepeBa POJOM
13 VIHAMM ¥ 4aCcTO UCHOJIb3yeMblil B KAUECTBE KPLICUHOIO s/,
610kupyeT 3¢ PexThl unrHa. CTPUXHUH ABJAETCS arOHUCTOM
UJIM QHTarOHUCTOM IJIMIIMHOBBIX PELIENTTOPOB?

Kakum 06pa3oM HepBHO-TaPAIMTHYECKMIA a3 BbI3bIBAET Mapa-
JIMY JbIXaHUA?

ITouemy BO3GyxJalomue CHHAINCHl HA TeJ€ HEMpPOHA MpOoGyX-
JAIOT MOTEHLMAIbl ACICTBUS B IIOCTCUHANTUYECKOM HefpoHe
a¢peKkTUBHEE, YeM BO3OYXKJAIOLINE CUHATCHl Ha KOHLAX JEH-
JPUTOB?

Kakwue aTans! MpUBOJAT K MOBbILIEHUIO BO36YIUMOCTH HEIfpoHa
nocJe Bbifieenus HA u3 npecuHanTUYeckoil KieTKu?
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U3YYEHNE HEWPOMEOWATOPHbIX CUCTEM
Jlokanm3auma HempoMeanaTopoB 1 MeamaTop-
CUHTE3MpYIoLWMX dhEePMEHTOB
VIMMyHoUMTOXUMUSA
bpumansaums in situ
M3y4eHne BbICBOBOXAEHWNA HEMPOMEANATOPOB
N3y4eHne CrHanTu4eCcKon MMMMKpmn
M3y4enne peuentopos
Hevipogbapmakonormnyeckuii aHama
Metopabl cBs3biBaHVS MraH
MonexynsapHbivi aHamm3
XUMUA HEAPOMEWUATOPOB
XOMMH3PrM4ecKmne HeMPOHbI
KaTexonammHaprn4eckme HempoHbl
CepoTOHWMHIPrN4eCKNEe HENPOHDI
AMNHOKMCNOTIPrnM4eCKne HEMPOHDI
[Tpo4re npeanonaraemMble HerMpoMeamaTops!
1 BHYTPUKNETOYHbIE NOCPEAHNKM
MEOUATOP-SABUCUMBIE KAHAJbI
BasoBas CTpykTypa MeamaTop-3aBUCHMbIX KaHanoB
AMMHOKMCNOTHO3aBMCKMblE KaHanbl
myTtamar-3aucumele KaHarsb!
TAMK-3aBucumMble 1 IMnLUNH-3aBUCUMbIE KaHa bl
PELEENTOPbI N 3®®EKTOPbI, CONMPAXXEHHbIE
C G-BEJIKAMU
Ba3oBas CTpykTypa peLenTopos, COMPAXKEHHbIX C G-6enkamm
Bespecyuwe G-6enkn
OdhdhekTopHbIe CUCTEMBI, COMPSXXEHHbIE C G-6enkamm
CokpalLLeHHbIV MyTb
Kackanb! BTOpU4HbIX NOCPEeaHNKOB
@ochopumposaHue n gegpocopumpoBaHme
QYHKUMM CUrHasIbHbIX Kacka[os
AUBEPIrEHUUA N KOHBEPTEHLUA
HEMPOMEOWATOPHbIX CUCTEM
PE3IOME
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BBEOEHUNE

Jl1s HopMaibHOM PaGOThl YEJOBEUYECKOTO MO3ra TpeGyeTcs Lesblii Habop
XUMHYecKuX peakuuil. Kak MbI yxe yBujenu, BaxHeiline XUMUYECKHE peak-
IIUU B MO3Te CBA3aHbI C CHHANITUYECKOM nepejayeil. B rmase 5 Mbl paccmoTpen
o61ye MPUHLMITBI XMMUYECKOH CUHANTUYECKOM Nepejadyt, UCTIO/Ib3ysl B Kade-
CTBE IPUMEPOB HECKOJIbKO CrenMpUYeCKUX HelipoMeauaTopos. B aToii riase
MBI PACCMOTPHUM NOGJIMXKE BCE PAa3HOOOPa3Ue U U3AIECTBO OCHOBHBIX HEHPO-
MeJUaTOPHBIX CHCTEM.

OcHOBa HepOMEAUATOPHBIX CUCTEM — HelfpoMeauaTopel. B rmase 5 mbl y3-
HaJIM O TPEX OCHOBHBIX KJ1aCCaX HEMPOMEINATOPOB: AMUHOKUCLOMAX, AMUHAX T
nenmuodax. Jlaxe HETIOIHBII CITUCOK U3BECTHBIX HEIPOMEIUATOPOB, KAK TOT, UTO
npusefieH B Taba. 5.1, HacuuTbiBaeT Gosbie 20 pasau4HbIX MoJekyl. Kaxaas
U3 3TUX MOJIEKYJ] MOXET IpPEeACTaBIATb ONpeAEJIEHHYI0O HEeHPOMEAUATOPHYIO
cuctemy. Kpome co6CTBEHHO MOJIEKYI, HEHPOMEANATOPHAS CUCTEMA BKJIIOYAET
MEXaHU3Mbl, OTBETCTBEHHbIE 32 CUHTE3, YITAKOBKY, OOpaTHBI 3aXBaT, pacnaj u
JeiicTBue meauaTopa (puc. 6.1).

ITepBoii MosIeKy10i1, TOJOXUTEIbHO onpeAeaeHHoi OTTo JIéBn B 1920 1. kak
HelipoMeauaToOp, ObL1 aneTHIXoauH, wim AX (cM. Bpesky 5.1). [l1s onucanus
KIETOK, BbIPaGaThIBAIONIMX U BbIAEJSAIOMMX ALETUIXOJUH, 6PUTAHCKUIT dap-
Maxostor Tenpu Jleitn BBeJ TepMUH xoauHaprudeckue. (Jeitn BMecre ¢ JI€sn
noayuusn Hob6enesckyio npemuio 1936 r., 4TO cTano CBUAETENHLCTBOM NPU3HA-
HMsl €TO 3acJyr B HeiipodapMaKoOJIOrHYeCKUX MCCIEJOBAHUAX CUHANITUYECKON
nepeaaun.) Jleitn Takke Ha3Bal HEMPOHBI, UCIIOJb3YIOUUE AJIs [TEpPeJjadu HO-
PaZipeHaINH, HOpagpeH3prudeckuMn. Tpaaunus ucnoib3oBaHus cygduxca
-9pauneck- COXpaHMUJIACh U ITOCJIE OTKPBITUS APYrux HeitpomeauaTopos. I[ToaTomy
CErojHs Mbl FTOBOPUM LIIyTaMaT3PrUYeCKHil O CHHAIICAX, UCTIOJb3YIOIUX TJIy-
TamaT, TAMK-3prudeckuii 0 CMHancax, UCNoJb3yomux s nepegadn 'AMK,
U MEeNTHUAPPruIecKuii O CUHAICaX, UCMOJb3YIOMUX MeNTHAHbIE HefipoMeua-
TOPBL. DT MpUJIaraTeIbHbIE TAKXKe UCIOIbL3YIOTCS JJIs OMMCAHUS HeifpoMeua-
TopHbIx cucteM. Hanpumep, AX u Bce MOJIeKy/IsipHbl€ MEXaHU3MbI, CBA3aHHbIE
C HUM, Ha3bIBAIOTCSI BMECTE XOAUNI P2UMECKOU CUCEMOT.

3Has 3Ty TEPMUHOJIOIHIO, MOXHO MIPUCTYMaTh K 3HAKOMCTBY C HelipoMeaua-
TOPHBIMH CUCTE€MaMU. Mbl HAYHEM C 3KCIIEPUMEHTAJIbHBIX METOAMK, KOTODbIE
NPUMEHSUTUCD A1 U3YUYEHU S HEHPOMEAUAaTOPHBIX CUCTEM, @ 3aTEM PACCMOTPUM
CUHTE3 U MeTa60IM3M crieiMpUIECKUX HefpOMeIMaTOPOB U Y3HaeM, KaKUM 06-
Pa30M 3TH MOJIEKYJIbI BBINOJHAIOT CBOM NOCTCUHANITHYECKUE 3(PEKTHI.
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MpecvHanTuyeckas
TepMuHab aKcoHa

CDepmeH?bl, CUHTE3MpYloLLMe
HevpoMeavaTop

MepeHOCHUKI CUHANTUYECKMX NY3bIPbKOB

MepeHocuMkn 0BpaTHOro 3axBara

MepmMeHTh pacnaga

MeaiaTop-3aBucuMBIE NOHH
PeuenTopsl, conpsixeHHble ¢ G-6enkamm

G-6enku .
[ocTcnHanTuyeckuin

G-6€10K-3aBNUCHUMBII1 MOHHBIN kKaHan AeHpput

Kackabl BTOPMYHbIX NOCPEeOHNKOB

Puc. 6.1. dnemeHTbl HEUPOMERUATOPHBIX CUCTEM

N3YYEHVE HEMPOMEOMATOPHbLIX CUCTEM

ITepBbIM mArom B U3y4eHUH HEPOMEANATOPHBIX CUCTEM SBJISETCS OOBIYHO
omnpejeneHne HeiipomeanaTopa. ITO HEMPOCTas 3aJaya: MO3I COAEPKUT Gec-
CYETHOE KOJIMYECTBO Pa3JIN4YHbIX XUMUYECKHUX BENECTB. Tak KakK e Mbl MOXEM
y3HaTb, KAKH€ BELIECTBA ABJISIOTCS HEpOMeAaTOPaMu?

Ha npoTsxeHun MHOrUX JIET HeHipOoy4YeHble pa3pabaThiBaid KPUTEPUH, KO-
TOPBIM JOJDKHO COOTBETCTBOBATh XMMUYECKOE BELIECTBO, YTOOBI CUUTATHCHA
HeiipoMeauaTOpOM.

1. Monexyna nO/KHA CHHTE3UPOBATHCA M XPAHUTBHCS NPECMHANTUYECKUM
HEIPOHOM.

2. MOJICKlea JAOJDKHA BBIAECIATHCA N3 npecm—xan’ruqecxoiz‘l TEPMHUHAIN aKCO-
Ha nMpy CTUMYJIALHNH.

3. inl 3KCNI€EPUMEHTAJIbHOM BO3JI€ICTBUN MOJIEKYJIa AOJIXKHA BbI3bIBATbH
p€aKunio, KOTOpas KONMMPYET PE€AKIIMIO Ha BbIAEJIE€HNE HeﬁPOMeuuaTopa
NpeCHHANITHY€CKUM HeﬁpOHOM.



238  HeitpoHayku. WccnegoBaHve mo3ra

JlaBaliTe HaYHEM C O3HAKOMJIEHHUS C HEKOTOPbIMHU CTpaTErUsIMU U METOAA-
MU, MCIIOJIb3YEMbIMU JJIsl IPOBEPKHU 3TUX KPUTEPUEB.

Jlokanusauusa HeMpomeanMaTopoB U meaunaTop-
CUHTe3npyowmx hepMeHTOB

YacTo paboTa y4eHbIX HAUMHAETCS C MPEANOJIOKEHUs O TOM, UTO Ta WUJIU
MHasg MOJIEKyJla MOXET OKa3aTbCs HeiipoMeauaTOpoM. DTO NpPEJIOJIOXKEHHE
MOXET OCHOBBIBATLCS HA TOM, YTO 3Ta MOJIEKYJIa HAXOAUTCS B MO3rOBOi1 TKaHHU,
HJIM HA TOM, YTO BO3AEHCTBUE 3TOM MOJIEKYJIbl MEHSET YaCTOTY BOSHUKHOBEHUS
MOTEHLUATIOB AEHCTBUS Y HEHPOHOB. B M060M cilyyae Ha nepBOM 3Tane Mpo-
BEPKU 3TO}1 TUIIOTE3bl HAJIO NTOKA3aTh, YTO 3Ta MOJIEKYJIA HA CAMOM JieJie CUHTe-
3UpYETCA U JIOKAIM3UPYETCs B ONPEEIEHHbIX HeifpoHaX. UTO6bI COOTBETCTBO-
BaTb 3TOMY KPUTEPHUIO, AJIsi Pa3TMYHbIX HEIIPOMEAMATOPOB GbLIO MPEAIOKEHO
MHOXECTBO Pa3HOOGPa3HbIX MeTOAUK. K AByM BakHEHIIMM Ha CEroaHAUIHMIA
Jl€Hb TEXHUKAM OTHOCSATCA UMMYHOLIUTOXUMUS U TUOPUAUBALMS i SULU.

UMmyHouHuTOXMMUA

MeTox HMMYHOIMTOXMMMM HCITIOJIb3YETCS JJIs1 aHATOMHUYECKOr'O YCTaHOBJIE-
HUS pacCIIoJIOXKEHHs ONpe/IeJIEHHBIX MOJIEKYJ B ONpEJeNeHHBIX KaeTkax. Ecim
3TOT METOJ NPUMEHAETCA B OTHOIIEHUH TOHKMX CPE30B TKaHEH, B TOM YHCJeE
MO3ra, €ro MHOIJA Ha3bIBAIOT ummyHozucmoxumuei. IIpuHIun pa6oTsl MeTOAA
JOCTAaTOYHO NpOCT (puc. 6.2). I[Tocse OYMCTKM MOJIEKYIbl IPEAIO/IaraeMoro
HelfpoMeZNaTopa BBOAAT XUBOTHBIM IIOJKOXHO UM B KPOBOTOK, II€ OHU CTH-
MyJMPYIOT MMMYHHYIO PEaKUUIO. (3a4acTyio /i MPOBOLMPOBAHUS WJIH YCUJIE-
HUS UMMYHHO}1 peaklMu HCCIefyeMYIO MOJIEKYJ]y XUMUYECKH OGBEJUHSAIOT C
JpYruMU MOJIEKyJIaMH, 60jiee KpynHbIMU.) OJHOI1 U3 0COGEHHOCTEI UIMMYHHOM
CUCTEMbI BJISETCS O6pa30BaHUE KPYMHbIX NPOTEUHOB, Ha3bIBAEMbIX GHMUME-
Aamu. AHTHUTEJIA CIOCOGHDBI KPETKO CBA3BIBATHCA C OCOOBIMU JIOKYCAMH HHOPOJ:
HBIX MOJIEKYJI, HA3bIBAEMBIX ANMU2EHAMU, B HALLIEM CJTyYa€ — C IIPE/IIOIaraeMbIM
HelipomeauaTopoM. CaMblie 3¢ peKTUBHbIE AHTUTENA XOPOLIO CBSA3BIBAIOTCS C
HMHTEpECYIOIUM Hac HepOMeAMaTOpPOM, U €J1a60, a TO U BOBCE HE CBA3bIBAIOT-
Cs C JPyrUMM MOJIEKYJIaMU MO3ra. 9TU crenuduyecke aHTUTeIa MOTYT ObITh
XUMUYECKH yJaleHbl U3 KPOBU HMMYHU3UPOBAHHOIO )XMBOTHOI'O U ITOMEYEHbI
LIBETHBIM MapKepoOM, YTOGbI 6bITh 3aMETHBIMU NOA MHKpockonoM. Koraa atu
MedYeHble aHTUTEA HAHOCAT Ha Cpe3 MO3ra, OHM OKPAlMBAIOT JHUIIbL Te KJIeT-
KM MO3ra, KOTOpbIE COJiepKaT NpeArnonaraeMblii HeiipomeauaTop (puc. 6.3, a).
Hcnonb3ys HECKOJIBKO APYTUX aHTUTEJ, MEYEHHbIX APYTUMH LIBETAMH, MOXHO
pasjuyaTh pa3Hble KIETKH B OAHOI1 30He Mo3ra (puc. 6.3. 6).
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(a) Beepenme (6) 3a6op (8) 5 )
npeanonaraemoro cneunduyeckmx MejeHbM Hel\nequbm
HefpoMemaTopa aHTUTeN n3 HEWipoH, HelpoH

YLIHOW BEHbI copepxatyum 5
npegnonaraemoln
MpucoeanHex HeipomeauaTop
BUAUMBIIA
mapkep

AHTUTENO, XMMUYECKN
NOMeYeHHOEe BUANMBIM
MapKepoMm

(r)

Mpennonaraemblit
HelpoMeanaTop

Puc. 6.2. UMmmyHOUMUTOXUMUSA. STOT METOA UCNONMBb3YET MeYeHble aHTUTeNna Ana onpeae-
NeHna pacnonoXeHus MOneKyn B kneTkax. (a) ccnegyemyto monekyny (npegnonaraembii
HeVipoMeauaTop) BBOAAT XMBOTHOMY, Bbi3blIBAA UMMYHHYIO peakuuio u o6pa3oBaHue aH-
Tuten. (6) Kposb 6epyT Y XUBOTHOrO U U3 CbIBOPOTKU BbIAENAIOT aHTUTena. (B) AHTuTena
METAT BUAUMBIM MapKepoM W HAHOCAT Ha Cpe3 TKaHW Mo3ra. AHTUTena OTMEeYaloT NuLlb
KNeTKKW, coaepxalume npeanonaraembli HelpomeauaTop. (r) YeennyeHHoe nso6paxkeHue

KOMMJIEKCa, COCTOSLLEro U3 MPeanonaraemMoro HeyipomeavaTopa, aHTuTena v BUAMMOro
mapkepa

VIMMyHOTMCTOXHMMIO MOKHO MCIIOJIb30BATh JJI151 IOKAIU3A LUK JIIOObIX MOJIe-
KyJI, K KOTOPBIM MOTYT O6Pa30BaThCsl aHTUTEIA, BKIIOYAs CHHTe3Upylomue ¢ep-
MEHTBI IPEJIIoJaraeMoro HeiipoMeauaTopa. JleMOHCTpaLus TOro, YTo MpeAIo-
JlaraeMblil HefipoMeauaToOp U €ro CUHTE3UPYIOUUi1 (PEPMEHT PACIOJIOXKEHBI B
OJHOM HeiipoHe, a ele Jydile — B OJHON T€PMUHAIM AKCOHA, CIIOCOGCTBYET

YAOBJETBOPEHUIO KPUTEPUSA PACIIOJI0XKEHUSA U CHHTE3A MOJIEKYJIbI B OIIpEEJIEH-
HOM HEHpOHE.

mépuansauma in situ

MeTtox rmGpuausaumm in situ TaKXe MMOJIE3€H IS MOATBEPKAEHUA (aKTa
CHHTE3a C TIOMOIIbIO KJIETKH OIPEe/EIEHHOr O 6eika uau nentuja. Kak sel yananu
U3 IM1aBbl 2, 6€JIKY COGMPAIOTCS pUGOCOMAaMM COMIACHO MHCTPYKIMAM OT CIell-
upuyeckux monexya uPHK. Jlna xaxaoro 6eka, CHHTE3MPYyEeMOTO B HEHPOHE,
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cymectByeT yHUKanbHbIiI MPHK-Tpanckpunt. Tpaunckpunt uPHK coctout us
YeTbIpeX Pa3/IMUHBIX HYKIEHMHOBBIX KHCJIOT, COEJUHEHHBIX IOCJIeJOBATEIbHO
1 0Opa3yIomuX JUIMHHYIO nemnb. KaxJ0il HyKIeMHOBOI KHCJIOTE CBOMCTBEHHO
UCKJTIOYUTENbHO KPENKO CBA3bIBATbCS JIUIIb C KOHKPETHOI, KOMILIEMEHTAPHOI
HYKJIEMHOBOM KHCI0TOi. Takum o6pa3oM, eciu HaM U3BECTHA IOCJIeA0BATE b
HOCTb HyKJIE€HMHOBBIX KHCJIOT B et UPHK, cTaHOBUTCS BO3MOXHBIM CO3/1aTh
B J1aGOpaTOPHBIX YCIOBUAX Li€Nb, KOMIIJIEMEHTApHYIO K TpaHckpunty uPHK,
KOTOpas NPUJIUITHET K Hell, KaK CKOTY. KOMITJIEMEHTapHYIO 1IeNb HAa3bIBAIOT 30H-
dom, a mpolecc cBA3bIBaHUsA ee ¢ MoJiekynoit MPHK HasbiBaloT eubpudusayuei
(puc. 6.4). YTo6b1 y3HaThb, copepxut au Heitpon uPHK, xoaupyromyro onpezne-
JIEHHBIN 6€JIOK, Mbl XMMUY€ECKU METUM 30HJ, YTOObI ETr0 MOXXHO ObLIO YBUJETD,
a 3aTeM HAaHOCHUM €ro Ha CPe3 MO3rOBOI TKaHU. 3aTEM MbI XJEM HEKOTOPOE Bpe-
Msl, YTOObI 30H/IbI CBA3AIMCDH C KOMILJIEMEHTapHbIMU Mostekyasamu MPHK, u cMbI-
Ba€M OCTABUIMECS HECBA3aHHbIE 30HbI. B KOHIIE KOHIIOB MBI 10 MUKPOCKOIIOM
UIIEM HeHPOHBI, CoJiepKallie METKH.

@ (6)

Puc. 6.3. UMmmyHOrucTtoxmmmnyeckas nokanusauus 6enkos B HepoHax. (a) HelipoH
KOPbl MO3ra, NOMEYEHHbIN aHTUTENaMu, CBA3LIBAIOLLMMUCA C NENTUAHLIM HEMPOMEeaun-
atopom. (U3o6paxenune npepoctaenmm Dr. Y. Amitai u S. L. Patrick.) (6) Tpy pasHbix
TUNa HEMPOHOB KOPbl MO3ra, Kax/abli U3 KOTOPbIX OKpaLLEH ONPeAeneHHbIMA aHTU-
Tenamu, NOMeYeHHbIMU hnyopecueHTHBIMU MapkepaMn pasHoro ugseTa (3eneHbiM,
KpacHbIM, CUHUM). (U306paxerune npegoctasmnm Dr. S.J. Cruikshank and S.L. Patrick.)
WM3o6paxeHne a nokasaHo B 6onblieM macwtabe, 4em n3obpaxexve 6
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Llens PHK B HeiipoHe /\

PaanoakTBHO-MeyeHbI
30HA C NoAxoasLLe
nocnefoBaTeNbHOCTLIO
HYKNENHOBLIX KNCIOT

Cpe3 TKaHW Mo3ra

@

[T S

Puc. 6.4. FT'n6puam3saums in situ. Llenv PHK coCcTOAT U3 HYKNeoTUAOB, CBA3AHHbIX
B OMpeAeneHHon nocneaosaTensHOCTU. Kaxabii HyKneoTua CKNensaeTcs NuLlb C
OQHUM U3 APYrvMX KOMMNJIEMEHTApHbIX HYKNeoTnaoBs. B metoae rubpuansauum in situ
€030aeTCA UCKYCCTBEHHbIM 30HA, COAEpXaliuin onpefdeneHHylo nocnegosaTens-
HOCTb HyKJ1e0TUAOB, CBA3bIBAOLLMIACA C Lenamn MPHK. Ecnv 3oHabI 6611 nomeye-
Hbl, MOXHO ONpefenuTb KNeTkw, coaepxawume cneuncuydeckyto nPHK

J1s1 BU3yaIn3anuy MoMe4YeHHBIX KIETOK Iocje rMOPUAN3ALMH in situ 30H-
Jbl XMMUYECKH METAT HECKOJbKUMU crioco6amu. PacrpocTpaHeHHBIM nojaxo-
JIOM SIBJIIETCSA NMPUJaHUE UM PaJMOAKTUBHBIX CBOMCTB. H3-3a TOro, 4TO MBI HE
BUJUM pajyalvio, rHOpUIN30BaHHbIE 30H/bl ONPEAEIISIOTCS, €CJIU MOJIOXUTh
Cpe3 TKaHU MO3ra Ha 0COGYIO IIJIEHKY, YYBCTBUTEJBbHYIO K paOaKTUBHOMY U3-
aydenuio. [Tocne Bo3felcTBUS TKaHU IIJIEHKA 0OpabaThiBaeTCs MOAOOHO (OTO-
rpaduu, a HETaTUBbl paJUOaKTUBHBIX KJIETOK BUAHBI KaK CKOILJIEHUS MEJKUX
6ebix Touek (puc. 6.5). Taxxe a1s onpejeneHus: paJUOaKTUBHOTO U3JTy4EHUS
MOXHO HCIOJIb30BaTh LIM(POBbIE 3JEKTPOHHBbIE YCTPOICTBA OTOOpaKEHUS.
TexHHKa BU3yaIM3aLMK pacIPOCTPAHEHUS paJyallii Ha3bIBA€TCS aBTOPaAMO-
rpacueii. B kauecTBe albTEpHATHUBbI MOXHO METUTD 30H/Ibl APKUMU ryopec-
LEHTHbIMU KPAaCUTEJISAMHU, BUAUMBIMU HEMOCPEACTBEHHO IIOJ MHKPOCKOIIOM.
MeTon ¢yopecuieHTHOI TMOPUAM3AIUM in Situ TAKXKe U3BECTEH IT0J] Ha3BaHU-
em FISH (Fluorescence in situ hybridization).

Ecim BkpaTie, MMMyHOLIMTOXMMHUS SIBJISETCS METOJOM BU3yalu3allMU pac-
MIOJIOXKEHUS OINpEeNEJEeHHbIX MOJIEKYJ, B TOM YHCJe GEJKOB, B Cpe3ax TKaHU
Mosra. [u6puansanus in situ ABJIAETCS METOAOM JIOKAIN3ALUH ONpeJeeHHbIX
TpanckpuntoB MPHK HexoTophIx 6enkoB. BMecTe 3T Ba METO/A TO3BOJISIOT
HaM YBUJETb, COJEPXKHUT JIM U CUHTE3UPYET JIM HEHPOH MpeANoaraeMblii Hel-
pOMeNaTOp, a TAKXKE€ CBA3aHHbIE C HUM MOJIEKYJIbI.
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N3yyeHue BbICBO6OXAECHUA HeilipomeauaTopoB

Korpa mbl yxe y6eauaucCh, YTO NpeAIoaraéMblii HEpOMeAUaTOP CUHTE3U-
PyeTcs HeipOHOM U PACIOJIOXKEH B TEPMUHAIU aKCOHA, Mbl JOJKHBI TIOKA3aTh,
YTO OH Ha CaMOM Jiejie BBICBOGOXJAeTCA B pesyJbTaTe cTuMyasuuu. MHorza
1eJIblii HabOp KIETOK M aKCOHOB CTHUMYJMPYETCS NMpHU 3a60pe 06pa3loB >KUJ-
KOCTH, OMbIBAIOLIEI UX CUHaNTHYecKue MuleHu. [Tocae aToro MoxxHO npoTe-
CTHUPOBATh GHOJOTUYECKYIO aKTUBHOCTh 06pa3lia, 4YTO6bl y3HATh, KOIUPYET JIN
OH 3¢ ¢eKTbl HETPOHYTLIX CUHAIICOB, MOCJ€ YEro O6pa3el] XMMUYEeCKH aHaIu-
3UPYIOT AJISl BbISIBJIEHUS] CTPYKTYPbl aKTUBHOMN MOJIEKYIbL. DTOT OGIIMIA TOJXON
nomor JIésu u Jleitny onpegenutsb AX B kauecTBe HelipoMeAuaTopa MHOTHUX I1e-
pudepuyeckux cuHancos. B omnune oT nepudgepuyeckoil HEpBHOI CUCTEMBI
(ITHC), HepBHOIi CUCTEMBI 32 IpeAeIaMU FOJJOBHOIO U CIIMHHOTO MO3ra, KOTO-
pyio nayuanu JIésu u Jleit, 60JbUIMHCTBO 06J1acTel HEHTPaIbHOI HEPBHOI CcHC-
Tembl (ITHC) conepxaT koMGHMHALIMKM CUHAIICOB, UCIIOJb3YIOUMX pa3Hble Heil-
poMeauaTopsl. /1o HEJaBHETO BpEMEHH He GbLIO BO3MOXXHOCTH CTUMYJIMPOBAaTh
JIMIIb OAHY HOMNYJALUIO CHHAICOB, COAEPXKAMMX TOJLKO OJUH KOHKPETHbIIH
HeiipomeauaTop. HMccienosaTenu BbIHYXA€HbI GbUIM CTUMYJIHMPOBATh MHOXe-
CTBO CMHAIICOB B OJHOI 06JIACTH MO3Ta, COGUPATh U U3MEPSATD BCE BblEIsIEMbIE
XUMHUYECKHe coelMHeHUs. OJTHUM U3 CIIOCOGOB C/leIaTh 3TO ObLIO COXpaHEHHE
in vitro XUBbIX CPe30B Mo3ra. Jlia crumyis-
LMK BBICBOOGOXAEHUS Cpe3bl 0OpaGaThiBa-
JIM PacTBOPOM C BLICOKUM cojiepxanuem K*.
Takas 06paGOTKa BBI3BIBAET CHIbHYIO J€-
noJiipu3anuio MemMopanbl (cMm. puc. 3.19),
YTO CTUMYJHUPYET BbICBOGOXJEHHE HEMPO-
MeJauaTopa U3 TePMUHAIM aKCOHA B TKAHM.
H3-3a TOro, 4To BHICBOGOXAEHUE HEIPO-
MezpuaTopa Tpe6yeT npoHukHoBeHus: Ca?,
HEOO6XOJMMO TaKXe I0Ka3aTh, YTO BBICBO-
60X /jeH1e NpearoJaraeMoro Heiipomenu-
aTopa U3 Cpe3a TKaHU MPOUCXOJUT TOJIbKO
IpH JAENoJspU3alUU, KOTOpass BO3HUKAEeT
. JIUIIb TOTJA, KOTAA B XUAKOCTH, OMBIBAIO-
Puc. 6.5. Tw6puav3auma in sity LI€il CHUHAINCHI, NPUCYTCTBYIOT MOHbI Ca®.
WPHK nentugHoro HeWpomeamna- CerofHs HOBbIE€ METOJbI, TAKUE KAK ONITOTE-
TOpa, BU3Yanu3UpPOBAaHHAA METO-  yeryya 1103BOJIAIOT OJHOBPEMEHHO aKTH-
AOM aBTOpAaAMOrpaciMut. Momee- BHUPOBATb JIMIIb OJUH ONpeJAeJeHHbIN BUA
Hbl TONBKO HEMPOHbI C NoAXoAsLLeN
WPHK, OHM BM3yanuaupyloTca kak CHHAmNCOB (Bpe3ka 4.2). [eHeTuyeckue me-
CKONfIEHUs BenbiX TOeK. (306paxe-  TOAbI MCIIOJIb3YIOTCS, YTOObI BbI3BATb B Of-
Hve npepocTasun r. S. H. C. Hendry)  Hoit onpeseieHHOM IONMyIsSLUKM HEHPOHOB
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3KCIIPECCHIO T€HOB, KOAUPYIOUIMX CBETOYYBCTBUTEJIbHbIE GEJIKU, IOCJIE YETO
3TH HEUPOHBI CTUMYJMPYIOTCS KOPOTKMMH BCHBIIIKAMM CBETA, KOTOpbIE HE
BJMSAIOT Ha OKpYXKalouue KIeTKU. Bce HelipoMeanaTophl 6blIM BbIAEIEHbI U3
ONTOre€HEeTUYECKH OTOOPaHHOro TUIIA CHHAIICOB.

Jlaxe korga yxe JOKa3aHO, YTO IpeJNoJaraeMblii HeifpoMeanaTop BbICBO-
60X JJaeTCsl IPU AENONSIPU3ALUN KaIbLIMH-3aBUCMMbIM CIIOCOOOM, MBI BCE €lle
He MOXeM ObITb YBEPEHBI, YTO MOJIEKYJIbI ObLIM BbIAEJIECHbI TEPMUHAIAMM aK-
coHa. OH MOXET BbIAEJATHCSA KaK BTOPOCTENEHHOE CJIeACTBUE CUHANITUYECKOIT
aKTUBALMM. JTU TeXHUYECKHE TPYAHOCTU OIpEeIesioT BTOPOIl KpHUTepHii:
MpEAINOJaraeMblii HEMPOMEANATOP AOJKEH BBIAENATHCA MPECUHANTUYECKON
TE€pMHHAJbI0 aKCOHAa B pe3yjbTaTe CTUMYJIALUH. ITO, HECOMHEHHO, CaMblii
TPYAHOAOCTHXUMBII KpuTepuii Bo Bceit ITHC.

N3y4yeHne cMHaNTU4ECKOW MUMUKPUM

daxTa TOro, YTO MOJIEKYJa PaCIOJAraeTcs, CUHTE3UPYETCS U BbIAEAAETCS
U3 HeiipoHa, elle HeJOCTATOYHO, YTOObI IPU3HATDL €€ HelipoMeauaTopom. Jlid
3TOTrO HYXEH U TPETHi1 KPUTEPUIl: MOJIEKYJIa JOKHA BbI3bIBATH PEAKIUIO, KO-
TOpas KONUPYEeT PEaKIMIO Ha BblJEJEHHE HEipOMeaTopa U3 MpecHHanTuye-
CKOTrO HeHpoHa.

Jlns u3ydeHus: NoCTCUHANTUYECKUX BO3/eiiCTBUIl IPenoaraeMoro Heiipo-
MeJMaTopa MHOTJA HCIOJb3YIOT METO/]l, Ha3blBA€Mblli MHKPOMOHO(pOpe3oM.
BoIbIIMHCTBO MpeanoIaraeMbix HeifPOMEANAaTOPOB MOTYT GbITh PaCTBOPEHHI,
YTO NPUJACT UM Pe3yJbTUPYIOIUIA 31eKTpudeckuil 3apaa. CTEKIAHHYIO Mu-
HETKY C OYEHb TOHKMM KOHIIOM, BCETO HECKOJIbKO MUKPOMETPOB JUAMETPOM,
HaTOJIHAIOT PaCTBOPOM MOHOB. KOHYMK MUNETKU MOMENAIOT BO3JIe MEMOPaHBI
MOCTCUHANTUYECKOTO HEIPOHa, a 3aTeM, nepeMemias HeGOIbIIOM 3JIeKTpHuYe-
CKUi1 3apsJ [10 MUIIETKE, BbI3LIBAIOT BHIGPOC HEGOILIIOTO KOJINYECTBA IIPEATIO-
JlaraeMoro HeiipomeauaTopa. IIpeanoaraeMblil HefpOMeAUATOP TAKKE MOX-
HO BBIZICJISAITh U3 MUKPOIIUIIETOK ITPH IMOMOIIY CTPYi IO BLICOKUM JIaBJIEHHEM.
MUKpPO3JIEKTPOA B MOCTCUHANITUYECKOM HEMPOHE 3aMepsieT BJIUSHUE IPeIo-
JlaraeMoro HeifpomeJauaTopa Ha oTeHIMa  MeM6paHs! (puc. 6.6).

Ecim nontodopes mwm Bo3aeiicTBIE MOJIEKYIaMU TTOJ JaBJI€HUEM BbI3bIBAET
3/1eKTpOHU3UOJIOTHUECKUE UBMEHEHU S, KOTOPbIE€ KONUPYIOT 3¢ EKTh Meaua-
TOpa, BbIAENAEMOTO B CHHANTUYECKYIO IIeJb, % €CIM MPOYHe KPUTEPUH JIOKa-
JIM3AIMH, CHHTE3a U BICBOGOXAEHUS COGIIIOAEHBI, TOT A MOJIEKYJTy U MEIUATOP
CYUTAIOT OJHUM U TEM K€ BEIIECTBOM.
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MukponuneTka ¢ npenapaTom

HaHeceHve npenapara nyTem nponyckaHus
QNEKTPUYECKOro TOKA YEPe3 MUKPONUNETKY

CTVIMyﬂﬂU,IAﬂ aKCOHa
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Puc. 6.6. MukponoHodopes. 3ToT MeToa NO3BONAET UCCNeaoBaTenio Bo3aen-
CTBOBATb HA MNOBEPXHOCTb HEMPOHA O4Y€Hb ManbIMKU KONUYEeCTBaMu nNpenapartos
WM NpeanonaraeMbix HeipomeavMaTopoB. Peakuus, BbI3BaHHAA BELLECTBOM, 3a-
TeM CpaBHMBAETCA C peakuuen, Bbi3biBAEMOM CUHANTUYECKOW CTUMYNALUMEN

N3y4yeHune peuentopos

Bce nelipomenuaTophl BHI3BIBAIOT CBOU MOCTCUHANTUYECKUE 3(EKTHI My-
TeM CBSA3bIBAHMSA CO crenuguyeckuMu peuentopamu. Kak npasuio, Jsa Heii-
poMeanaTopa He MOTYT CBS3bIBATbCS C OJAHUM THUIIOM PELIENTOPOB, HO OJUH
HEIpOMeANaTOP CNOCOGEH CBA3BIBATHCS C HECKOJbKUMHM Pa3HbIMU TUIIAMM pe-
nentopoB. Kaxx/plil OTAeNbHBII BUJ PELIENTOPA, C KOTOPbIM MOXET CBSA3bIBATh-
cs OJUH HeilpoMeINaTOp, Ha3bIBaeTCs MOABMAOM penenrtopa. Hanpumep, B
mIaBe 5 Mbl y3HaTH, 4TO AX BO3JI€/ICTBYeT Ha /[Ba Pa3JIUYHBIX 1006U0a XOJHMHAP-
TMYECKUX PeleNTOPOB: OJUH PACIOJOXKEH B CKEJIETHBIX MBIIILAX, a APYroOil —
B cepJie4yHoii Mble. O6a noJB1Aa OZHOBPEMEHHO NPUCYTCTBYIOT TAKXXe B pas3-
JINYHBIX BHYTpeHHUX opraHax u B ITHC.

15 u3ydeHust pa3jIMUHbIX MOABUAOB PElENTOPOB HEHMPOMeAUAaTOPHBIX CHU-
CTEM yY€eHbI€ HCII0JIb30BAIN NNPAKTUYECKU BCE OMOJOTUYECKUE U XUMUYECKUE
MeTOAbl aHAIN3a. I3 HUX 0COGEHHO NOJIE3HBIMU OKa3aJMCh TPHU NOJX0Ja: Heil-
podapMaKOJIOrHYeCKUi aHAIM3 CUHANTUYECKON Mepefiavyu, METO/bl CBA3bIBA-
HUsl JIMTaHJ U MOJIEKYJIIPHBII aHAIN3 peLleN TOPHbIX GEJIKOB.
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Heipothapmakonorn4eckuit aHanus

Bonpmas yacTe 3HaHMIT O NOABUAAX PENENTOPOB, KOTOPbIE CETOAHS HUMeE-
IOTCS Y Hac, Gbla nojydeHa 6arojaps HeiipogapMakoJOoru4eckoMy aHaIu3y.
Hanpumep, cepaeyunas U ckejleTHbIE MbIIIIbI TO-PAa3HOMY PEATUPYIOT Ha pas-
Hbleé XOJIMH3PrudecKue npenaparsl. Huxomun, noaydyaemMplil U3 JIUCTbeB Taba-
Ka, ABJSAETCS arOHUCTOM PELENTOPOB B CKEJETHBIX MbIIILAX U HE BJIMSAET Ha
CepAEeYHyI0 MbIuy. Mycxapun, oaydaeMblil U3 AAOBUTBIX TPUGOB, MpaKTUYe-
CKU HE BO3JEICTBYET Ha CKEJIETHbIE MBIIILbI U ABJIAETCA arOHUCTOM MOJABU/A
PelenTopos B cepAe4Hoii Mbiue. (BcnomuuTe, uro AX BbI3BIBAET CHHXKEHUE
YACTOThI CEPALIEOUEHUST; MyCKAPUH TOKCUUYEH, IIOTOMY YTO IMPUBOAUT K CHJIb-
HOMY CHMJXEHHIO YaCTOTbl CEPJEYHBIX COKPAIEHUIT U apTepuasbHOTO JaBJe-
Hus.) [losTomy aBa noasuaa penentopos AX pasiIn4aloTCsl B3aUMOAEHCTBUEM
€ pa3auyHbIMU npenapaTtamu. Penentopsl AX naxe Ha3BaHbI B Y€CTh CBOUX aH-
TarOHUCTOB. HUKOTHHOBBIII AX-penenTop B CKEJETHBIX MBIIIIAX U MyCKapH-
HOBBI AX-penenTop B cepiie. HUKOTUHOBbIE U MyCKaPUHOBbIE PELIENTOPDI
TaKXe MPUCYTCTBYIOT B MO3re, a Y HEKOTOPbIX HEHPOHOB MMEIOTCS OJHOBpE-
MEHHO 06a OJIBU/Ia 3TUX PELENTOPOB.

Jlpyroii cnoco6 pa3inyaTh MOABUABI PELENTOPOB 3AKIIOYAETCS B UCIOJIb30-
BaHUM CEJIEKTUBHBIX penenTopos. IOxuo-AMepukaHckuil a1 xypape yrHeTaeT
Bo3zeiicTBIE AX Ha HUKOTHHOBbBIE PELIENTOPHI (TEM CaMbIM BbI3bIBas Mapaiuy),
a amponun, MOJydaeMblil U3 pacTeHus 6eJ1al0HHbI (KpacaBKa OObIKHOBEHHaAs ),
yrHetaeT AX B MyCKapHHOBBIX peLenTopax (puc. 6.7). (JleiicTBue IIa3HbIX Ka-
TeJib, UCIIOJIb3yeMbIX B 0 TaIbMOJIOIMH JJIsi pAaCIIMPEHUS 3padKa, OCHOBAHO Ha
a¢dexTax aTpONHUHa.)

PaznuuHble npenapaTbl TakKXe HCIOJb3YIOTCS A8 PasjuyeHUs MOABUIOB
PelenTopoB IIyTaMaTa, Yepe3 KOTOpble NepejaeTcs 60Jblias YacTb BO3GYX-
JAoIUX CHMHAaNTU4YecKux curHaios B ITHC. OTumu penentopaMu sABISIOTCA
AMIIK-peuentops, HM/IA-penentopsl 1 KaMHaTHbIE peLenTophl. Mx Ha3pa-
HUS IPOU3ONLIN OT Ha3BaHUIT X CrielMUYECKUX arOHUCTOB. Helipome anaTop
IyTaMaT aKTUBUPYET BCE TPU MOJABU/A CBOUX penentopos, Ho AMIIA Bo3geii-
crByeT auib Ha AMITA-penentopsl, a HMJIA — Toabko Ha HM/IA-peuenTtopsl,
u T.1. (puc. 6.8).

AHanoruyHelil (HpapMakoJOrMYeCKUil aHAIM3 MCIOJb3YEeTCA JJIS pasfeie-
Husa peuentopoB HA Ha aBa moasuaa, a u B, u penentopos TAMK na TAMK,
u TAMK,. To xe MOXHO CKa3aTh MPAKTUYECKU 06O BCEX HEHPOMENUATOPHBIX
cucrtemax. Takum 06pa3oM, ceJleKTUBHbIE NPenapaThl OKa3aIiCh YpE3BbIYaITHO
I0JI€3HBIMU JIJ151 pa3/ieIeH|s PELIENTOPOB Ha noABUbI (Ta6. 6.1). Kpome Toro,
HelfpodapMaKOJIOrUYECKHI1 aHAIN3 OKa3a/ICs HEOLEHUMbIM JUIl U3y4EHUS BJIM-
SIHMSA HeHPOMeIUATOPHbIX CUCTEM Ha (PYHKIMIO MO3Ta.
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HeiipomeanaTop

AroHuCTbI
AHTAroOHUCTHI
o0 e ——— S e e i PO
PelenTops LI HukoTuHoBbIA LTI MycKapnHOBbIi
peuentop AMINIY  peuenTop

Puc. 6.7. HevipochapmaKonorus xonuHapruyeckon CMHanTU4ecKon nepe-
Aauun. Mecta Bo3AenCTBUA HeripomeauaTopa MoryT CBA3bIBATLCA NGO C Ca-
MUM HeipomeanaTopoMm, MO0 C ero aroHUCTOM, KOTOPbIN KoNUpyeT 3hdeKTbl
HenpomeauaTopa, NMM60 C aHTaroHUCTOM, KOTOPbIN 610KUpYeT apdeKTbl HeR-
pomeguartopa n aroHMCToB

Helipomeamatop nyTamat

ArOHUCTSI

e HMIA-  boocooooo
PeuenTopel [j] I 1!n!n!n ln!n!ng
!

vw ¥ “..'.......S

Puc. 6.8. Helipochapmakonorus rnyramaTaprmiecKon CMHanTU4eCcKOW ne-
peAayum. CyLiecTByeT TPy OCHOBHbIX NOABMAA MyTaMaTHbIX PeLenTopos, Bce
OHM CBA3LIBAKOTCA C rNyTaMaToM, U KaxablA M3 HAX CNOCOGEH CBA3LIBATHCA CO
cBOMM cneumbvmecxmm aroHUCTom
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Ta6nuua 6.1. HeiipomeamaTtopbl, HEKOTOpbIE peLenTopbl
" Ux chapmakonorus

Hewpomepnuartop MNoasup Aronucr AHTaroHucr
peuenTtopa
AuetunxonuH (AX) HWKOTUHOBbLIN HWKOTUH Kypape
peuenTop
MyckapvHOBbI MyckapwvH AtponuH
peuenTop
HopapgpeHanuH (HA)  a-peuentop deHnnadpuH deHokcrbeH3aMnH
B-peuenTtop M3onpoTtepeHon MponpaHonon
Mytawmar (Mny) AMMA AMIMA CNQX
HMOA HMAOA ANs5
FAMK rAMK, Mycuwmmon BukykynnuH
FAMK, baknodpen @aknodeH
ATO P2X ATO CypamuH
AOEHO3WH Tuna A ANEHO3WH KodeunH

MeTopabl CBA3bIBAHUA NUraHA

Kak MbI yxe ymoMuHaIH, NepBbIM IAroM B U3yYEHUH HeilpoMeauaTOpHOI
CUCTeMbI ABIETCSA UAEHTU(UKaAIUS HelipoMeanaTopa. OfHAKO C OTKPBITHEM B
1970-x rr. GOJIBIIOro KOJMYECTBA IIPENapaToB, U3GHpaTeIbHO B3aMMO/EHCTBY-
IOIIMX C HEPOMEIMAaTOPHBIMH PELIENITOPAMH, yU€Hble MPHIUIN K BBIBOAY, YTO
OHHU MOTYT UCIIOJIb30BATh 3TH COEJUHEHUs JJIs U3yUEHHUs PELENTOPOB elle A0
uAeHTU(UKAIMKU caMoro Heifpomeauatopa. [Tnonepamu aToro Meroja Gblau
Conomon CHaiiziep u ero Torjamnuii crygeHT Kanauc Ilept u3 Yausepcure-
Ta XONKHMHCA, U3y4yaBlle COeAUHEHUs, Ha3blBaeMble onuamamu (Bpe3ka 6.1).
Onuamus, — 3TO KJIACC XUMHUYECKHUX COEIMHEHMI], JOObIBAEMBIX U3 OITMYMHOTO
Maka, KOTOpbIe C OJHOM CTOPOHBI UMEIOT GOJIbIIOE MEAUIIMHCKOE 3HaYeHUe, a
C JIpyroii — sSIBJISAIOTCS HAPKOTHUKOM U BBI3BIBAIOT 3aBUCUMOCTb. Onuouds. — 3TO
60Jiee MMPOKas rPyNIa OMUATHBIX BENECTB ECTECTBEHHOTO U CUHTETHYECKOTO
npoucxoxaenus. K ux apdexram orHocuTCs 061€eruenue 6011, 4yBCTBO 3iio-
PHH, YTHETEHHE JbIXaHHUS U 3aI0P.
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= CICHRR [loporo OTKpbITUN

OTKpbITHE ONUAaTHbIX peLenTopoB
asrop: ConomoH I". CHavigep

Moao6HO MHOMMM Hay4HbIM COBbITUAM, ONpeaeneHne onu-
atHblX peuenTopoB 6bINO He NPOCTO WHTENNeKTyanbHbIM [O-
CTWKEHMEM, BbINONHEHHbIM B M3BEYHOM MOrOHE 3a YUCTbIMU
3HaHuAMKW. HaobopoT, BCe Havanoce C npeavaeHTa HukcoHa
M ero “BoMHbl C HApPKOTMKaMn”, obbaBneHHon B 1971 r. Ha ca-
MOM MMKE NONYNAPHOCTN YNOTPEBNEHNA repovHa COTHAMM Tbli-
ca4 congat Bo BbeTHame. HTobbl cNpaBMTbCA C 3TON NPO6NeMoi, HUKCOH Ha3Hauvn
rnaBoin U3y4eHns Hapko3asmcmMocTu [kepoma Adde, ncuxmarpa, 04AHOro nu3 nNno-
HepoB METaAOHOBOW Tepanuu reponHLLMKOB. Addbe nony4mnn B CBOE pacnopseHue
HECKOMbKO MUNNMapAoB GI0AXETHbIX A0NNAPOB OT Pa3dHbIX FOCYAAPCTBEHHBIX Y4pEX-
aeHunid, 0T MuHnucTepcTea 060pOHbI M A0 HaUMOHaNBHOro MHCTUTYTa 340P0BbS.

[bxeppw, MO XOpOLLKIA OpYyr, yroBapuBan MeHs HanpaswTb CBOM MCCNeaoBaHUA
Ha noMoLb “6efHbIM conpaTtam” Bo BeeTHame. BOT 8 1 3apymMancs Haa MexaHu3mom
BO3AENCTBUA onmMaToB. MHeHWe, 4TO OnuaTbl BO3AENCTBYIOT Ha peuenTopbl, cneum-
dmyeckmne pacnosHasaTenbHble 30Hbl, MOSBUNOCH ELle B Havana Beka. B mpuHuwmne,
Takne peuenTopbl MOXXHO ONPeAenuTh, NPOCTO N3MEPUB CBA3bIBAHWE PaAMOaKTUBHO
NMOMEYEHHbIX HAPKOTWKOB C MeMBpaHammn TkaHen. OgHako MHOrue y4eHble 6e3ycneLu-
HO MCNONb30BaMN 3TOT METOA ANA U3YHEHNA ONNATOB.

MpyMepHO B TO e Bpemsa HOBbLIN YneH dhakynsteTa [pkoHa XonkuHea, MNeapo Kea-
Tpekacac, nony41n nadoparopuio PAAOM C MOEW, U Mbl O4EHb ObICTPO CTanM Apy3baM.
K ToMy Bpemerm MNeapo npocnaBmncs OTKPbITUEM PELIENTOPOB K MHCYNWHY. Ero ycnex
OCHOBbIBA/ICA HA OTHOCUTENBHO NPOCTOM, HO B&XKHOM TEXHWUHECKOM YCOBEPLLEHCTBO-
BaHuw. MNpoLwunble NOMbITKM ONpeaeneHns peuenTopos ropMOHOB Bbinv NpoBanbHbIMK,
NOTOMY YTO FOPMOHbI CMOCOGHbI CBA3LIBATLCA C MHOMMMW HECNEUMdUHECKUMN Me-
cTamu, Bknioyaa 6enku, yrnesomdbl 1 xupbl. W Takux Hecneundundeckmx MecTt 6bino
B MUNNMOHBLI pa3 6onblue, Y4em cneundmndeckmx peuentopos. YTobbl onpefenvTsb
CWrHan peuenTopa, CBA3aHHOMo C MHCYNMHOM Cpeaun BCero aToro wyma Hecneundm-
4YeCckux B3anMoaencTemii, MNMegpo paspaboran NPOCTYO UNBETPALUMOHHYIO MPOBEPKY.
MocKkoNbKy MHCYNWH CBA3LIBAETCA CO CNeUndUHECKMMU peLentopamMm Kpenye, Yem
C Hecneundun4eckMMmn MecTaMmn, OH MHKYBMpoBan NeYeHOYHbIe MeMbpaHbl C pagumo-
aKTUBHbIM MHCYNWHOM, 3aTeM HanonHAN 3TOM CMEeCbIo hnneTP, NPUCOEONHEHHDBIN K
BaKyyMHOMY OTCOCY, KOTOPbI BbICTPO youpan MHKYOaUMOHHYIO XMAKOCTb, OCTaBNAA
B huneTpe MembpaHbl C MPUKPENNEHHBIM K HEW PaAnoaKTUBHLIM MHCYNMHOM. 3aTeM
OH 04eHb BbICTPO NpoMbIBaN MNLTP BONbLUMM KONMYECTBOM COMEBOrO PacTBopa,
4TO6bl COXPaHWUTb MHCYNWH, CBA3AHHbIA C peuentopaMun, HO BbIMbITb Hecneundunye-
CKW CBA3AHHbI FOPMOH.

HecmoTps Ha 6nm30cTs ¢ Meapo, 80 MeHs He cpasy AOLNO, YTO ero NoaxoA K WH-
CYNNHY MOXHO NPUMEHUTL K NpoBnemMe oNMonaHbIX peuenTopos. HanpoTue, A NPo4n-
Tan raseTy 0 hakTope pocTa HepBOB, B KOTOPOW rOBOPWNOCh, 4TO €r0 aMUHOKWUCNOT-
Has nocnenoBaTenbHOCTb OY4EHb HanMOMUHAET MHCYNWH. Bekope mbl ¢ Meppo ctanu
COTpyQHWYaTh B MOWUCKE PeuenTopoB dhaktopa pocTa HEePBOB, W AOCTUMMM ycnexa.
Mvwe Toraa 8 Habpanca CMenocTV NepeHecTV 3TOT METOA C MHCYNMHA W cdhakTopa
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pOCTa HEPBOB Ha MONEKYNbI MOMEHbLLIE, Takue Kak onnatbl. KaHame MepT, acnupaHT
B MOei nabopaTopun, O4eHb Xenan NPUHATL y4acTue B HOBOM MCCEeA0BaTENbCKOM
npoekTe. Mbl 4OCTanNn pagvoakTUBHbIE HAPKOTWKM U Habnoganu 3a Ux CBA3bIBaHW-
eM C 060n04KaMmn KNeTOK MO3ra, NCNONb3ysa YCNELWHbI OUNbTPAUMOHHBIA MEXaHN3M
Meapo. MepBbit xxe IKCNEPUMEHT, KOTOPLI NPOANWMNCS BCEro Aga 4aca, okasancs
yCNeLwHbIM.

CnycTa napy MecsueB Mbl Y)XXe CMOMMW 0XapakTepn3oBaTb MHOTME OCOBEHHOCTM
OnMaTHbIX PeLenTopoB. 3HaAHWE OCHOBHbIX MECT KOHUEHTpauuM OnuaTHbIX peuen-
TOPOB OOBLACHANO BCE MMaBHble AEVCTBUSA OMMATOB, Takue Kak 3andopus, CHUXEHWE
60nK, yrHeTeHne AblXaHua 1 CyxxeHne 3padqkos. CBOWCTBA ONMaTHLIX PeuenTopos
BECbMa HAaNOMWMHaNM Te, KOTOPblE MOXXHO OXuaaTte OT Herpomeamaropa. [1o3ToMy Mbl
NCNONb30Banu aHanormyHbl NOAxoA, 4TOObI oNpeaenvTb NPoYMe HepoMeanaTop-
Hble peLenTopbl B MO3re, 1 Yepes3 napy NeT Mbl HALLNWM PeLenTopbl NPaKTU4ECKN KO
BCEM U3 HUX.

Bce 3T Haxoakn NOAHANN OYEBUAHBIA BONPOC: AN YEro CyLecTBYIOT OnuaTHble
peuenTopbl? [lloan He poxxdatoTcs C MOPGUHOM B KPOBWU. MOXET N ONnaTHbIn peuen-
TOp 0OKa3aTbCA PeLenTopoM K HOBOMY HelpoMeauaTopy, KOTOpbIA perynupyeT BOC-
npuaTne 60N N 3MOUMOHaNbLHOE COCTORHME? Mbl U MHOTWE ApPYrWe Y4eHble NblTanncb
BbIAEMMTL rMNoTeTUYeCKe MopUHONOAOGHbIE BELLIECTBA, B HOPME NPUCYTCTBYIOLLIME
B Moare. [epsbIMn B 3TOM Npeycnenn [koH Xetorc un MaHc Koctepnnty 13 AbepaeHa,
WoTnaHamsa. OHW BbIGENUNN Y NONYHMNN XUMUHECKNE CTPYKTYPb! NepBbIX “OHA0PGU-
HOB", KOTOPbIE OblNn Ha3BaHbl SHkeghamHamy. B Hawe nabopatopumn Pabn Cvman-
TOB W A OTKPbINM CTPYKTYPY 3HKedanMHOB BCKOpe nocne nybnukaumm 06 ycnewHom
paboTe WoTNaHACKOM rpynnbl.

OT nepBbIX 3KCNEPVMEHTOB NO ONPEAENEeHNIO ONNaTHbLIX PELEenTopoB A0 Bbiaene-
HWA 9HKedannHOB NPOLLNO NWLWbL TPU rofa — Nepuoa HaNPsXKEHHON 1 3axBaTbiBato-
e paboThl, KOTOpPasn B KOPHE M3MEHUNA HaLLW 3HAHUA O HAPKOTUKAX 1 MO3re.

ITonavany CHaiigep u IlepT uckaau oTBeT Ha BONPOC O TOM, KakuM oGpa-
30M repouH, MOPGUH U IPOYME ONUATHI BO3/JeicTBYIOT Ha MO3r. OHU U Heko-
TOpbIE [PyTU€ y4eHblE NPEANOoaraiu, YTO ONUaThl MOTYT ObITb AarOHUCTAMU
cnenu@uYecKux peuenTopoB HEHPOHHBIX MeMOpPaH. YTO6bI NPOBEPUTDH 3TO,
OHU BO3/I€HICTBOBAJIM paJOAKTUBHO MEUEHHBIMU ONMATHBIMU COEJUHEHUSIMU
Ha MEMOPaHbl HEMPOHOB, U3BATHIX U3 PAa3HbIX YacTell rojosHoro Moara. Ecim
B MeMGpaHe NPUCYTCTBYIOT CrielM¢UIECKHE PELIENITOPDI, TO MEYEHBIE OMUATBI
JOJDKHBI GbLIM CBA3aTbCSA ¢ HUMHU. BOT 4TO ypanoch ycraHOBUTh. PagnoakTus-
HO NIOMEY€HHbIE HADKOTUKHM OTMEeYaju ClenupuIecKrue MECTa Ha MEMOPaHax
HEKOTOPBIX, HO He BCEX, HelfpoHOB Mo3ra (puc. 6.9). [Tocie OTKpbITUS ONMHO-
H/JHBIX PENENTOPOB UCCIEJOBAHUSA ObLIM HAMPABJIEHbI HA TOMCKH 3HAOTE€HHbIX
ONMATOB, WIN 3HJ0pPHuH06, MPUPOJHBIX HEIPOMEANATOPOB, BO3AEHCTBYIOMUX
Ha 3TH penenTopbl. Bckope U3 MO3ra 6GbLIO BbIAEIEHO ABA NENTUIA, IHKeParU-
Ha, KOTOPbIE U OKA3aIMCh OMMOUJHbIMA HEHPOMEIUATOPAMH.
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Jl1o60e XuMHUYecKoe coeauHeHHUe, CBS-
3bIBAIOIEECS CO creludUIecKoil 30HOH Ha
pelenTope, Ha3bIBAETCS AUAHI0U PELIENTO-
pa (oT yaT. “cBsA3bIBaTLCA” ). TexHUKa u3yue-
HUS pELeNTOPOB C MCIIOJIb30BAHUEM PaJuo-
aKTMBHO WIM HEPaJUOAKTUBHO MeEYEHBIX
JINTAHJ Ha3bIBAETCSI METOJOM CBA3BIBAHUSA
Jmranf. O6paTuTe BHUMaHUE, YTO JIUTAH-
JI0i1 pelenTopa MOXET GbITh €r0 aroOHMCT,
aHTaroHUCT WM COGCTBEHHO HelpoMeaua-
Puc. 6.9. CBasbiBaHne onuatHbIX pe-  top, Crienuduyeckye JUraHabl OTHINPaIN

UENTOpOoB Ha Cpe3é Mo3ra KpbiCbl. HEOLIEHHUMYIO POJIb B BbIJEJEHHH PELEINTO-
Ha cpe3 mMo3ra C pagvoakTVBHO Mo-

MEYEHHBIMY NUraHAAMI Ha OnvaTHeix ~POB HEHPOMEIMATOPOB 1 ONPEACTEHUM MX

peuenTopax HanoXeHa cneuvanbHan XWUMHUYECKOM CTPYKTypbl. MeTOADbI CBA3bIBA-

nneHka. TeMHbIE 30HbI COAEPXAT 60Mb-  HMS JIMTAaHJ| OKA3aIMCh YPE3BbIYafHO BaX-

we peuentopos. (McToummk: Snyder, ppiMu as CO3TAHMS KAPT aHATOMUYECKOTO

te-ehae ) pacnpezesieHUus pa3jJIMYHBIX Helpomenua-
TOPHBIX PELIENTOPOB B MO3re.

MonekynapHbli aHanu3

Brarogaps coBpeMEHHBIM METOJUKAM U3yYEHUS CTPYKTYPbl GEJIKOBBIX MO-
JIEKy] B MOCJI€JHUE AECATUIETUS HaGMOJAETC PE3KUil pOCT KOJMYECTBA UH-
¢opmanun o peuenropax HeifpoMmeauaTopoB. HoBble 3HaHUS ITO3BOJIMIIM
pa3jeUTh HelpoMeJaTOpHbIE PELENTOPHbIE GEJIKM Ha JABE TPYIIBL MeAu-
aTOp-3aBUCHMbIE HOHHBIE KaHAIbl U PELENTOPHI, conpspkeHHble ¢ G-6ekaMu
(cm. rraBy ).

MousnekynspHble HEIPOOGHOIOTH CMOIVIM YCTAHOBUTD CTPYKTYPY MOJMUIENTH-
JI0B, 006Pa3yIoIUX GOJbIIMHCTBO GEJIKOB, U MOJYYUIM OPa3UTENbHbIE BbIBO-
Jbl. O pa3HOOGPa3uy MOJABUJIOB PELIENTOPOB MOXHO GbIJIO AOraJaThCs MO BO3-
JefICTBUIO Pa3/IMYHBIX NPENapaToB, HO JUANa30H pa3HOOGPa3us HeJb3sl GbLIO
OLIEHUTD JIO T€X MOP, 0K UCCJIEJOBATEN HE YCTAHOBMIIM, CKOJIbKO Pa3JIu4HbIX
HOJIMIENTHAOB MOTYT CJIYXXUTh CyObeAMHUIIAMU (PYHKIIMOHATILHOTO PELIENITOPA.

Paccmotpum B xauectBe npumepa penentop 'AMK,, xoropslit sBiseTcs
MeJUaTOP-3aBUCUMBIM XJIOPUJIHBIM KaHaltoM. I/ KaxxJoro KaHaua TpeGyeTcs
nATh Cy6beaAMHUL (Mog06H0 AX-MOHHOMY KaHauy, puc. 5.14), u Bcero cymecTsy-
€T NATh OCHOBHBIX KJIACCOB GEJIKOB CYyObeANMHUL, Ha3bIBaeMbIX @, B, v, 6 1 p. Kak
MUHHMYM LIECTb Pa3IMYHbIX IENTHUO0B (Ha3BaHHBIX 01-6) MOTYT 3aMEHATH Apyr
Jpyra B Ka4ecTBe a-Cy6beAUHUIbL. UeThIpe pa3mnyHbIx nounentusa (f1-4) mo-
TyT 3aHUMaTb MECTO P-CyObEAMHUIbI, U YeThIpe noyunentuja (yl-4) moryr 3a-
HUMAaTb MECTO Y-Cy6beJUHUIILL. XOTh 3TO U HENOJIHbIII IepedyeHb CyG'beIMHHULL,
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JlaBaiiTe monpo6yeM MPOBECTH BbIYMCIeHHA. Eciii peLienTop-3aBUCHMBIi1 KaHaT
T'AMK, cocTout u3 5 cy6beAUHULL, a BLIGUPATh MOXHO U3 15 pa3iTuyHbIX CyGbe-
AMHUILL, TO cymecTsyeT 151 887 BO3MOXHBIX KOMOUHALIMI M B3AMOCBSA3€f CYyGb-
€AMHULL. DTO 3HAYUT, YTO CYyLIECTBYeT Kak MUHUMYM 151 887 nmoasuios pewen-
topos [AMK,,!

BaxHO moHMMaTh, YTO GOJBUIMHCTBO BO3MOXXHbIX KOMOMHAILIMI HUKOTJA He
BCTpEYaIOTCs B HEHPOHaAX, a laXKe eCJIM ¥ BCTPEYAIOTCs, TO HE CIIOCOGHDI (PYHK-
IIMOHUPOBATh JO/DKHBIM 06pa3oM. Tem He MeHee OUEBUIHO, UTO KIaCCU(HUKa-
st U3 Tabu. 6.1, XoTa U 1oJie3Ha, HO CEPbEe3HO HEJOOLEHUBAET Pa3HOOOpa3ue
IIOJIBUJIOB PELIENITOPOB B MO3TeE.

XUMUA HEMPOMEOUATOPOB

HccaenoBanusi, mpoBeJeHHbIE C TOMOIBIO YKA3aHHBIX PaHEE METOAOB, IIPU-
BeJIM YYEHBIX K BBIBOJY, YTO OCHOBHbIE HEIPOMEIUATOPHI ABJIAIOTCS aMUHOKHC-
JIOTaMM, aMMHAMU U NIENTHAAMU. DBOJIOLYS KOHCEPBAaTUBHA, CJy4YaliHa U 3aya-
CTYIO HAXOJUT XOPOIIO 3HAKOMBIM BelllaM HOBOE IIpUMEeHEeHHe. ITO B MOJIHOMN
Mepe OTHOCHUTCS K 3BOJIIOLIUU HelpoMeauaToOpoB. B 60JIbIIMHCTBE CBOEM OHU
HAEHTHUYHbI OCHOBHBIM )XHU3HEHHO BaXXHbIM XUMHUUYECKUM BEIIECTBAM — TEM XK€
CaMbIM BELIECTBAM, KOTOPbIE€ KIETKH BCEX BUJOB, OT GaKkTepuii 10 xupados,
HCIIOJIb3YIOT JJIs OOMEHA BEMECTB. AMUHOKUCJIOTbI, CTPOUTEIbHBIE 6JIOKHU GeJt-
KOB, SIBJISIIOTCS OCHOBO1 )XKM3HU. BOJIbIIMHCTBO U3BECTHBIX HEHPOMEINATOPOB
OTHOCSTCS TG0 K (1) aMHUHOKHCJI0TaM, JIMGO K (2) aMUHAM, TPOUCXOJAIHUM OT
AMUHOKHUCJIOT, JIN6O K (3) nmenTuaaM, o6pa3oBaHHBIM U3 aMHUHOKHCIOT. Ejxun-
CTBEHHBIM UCKJIIOYEHUEM sBJIsIeTCsI AX, KOTOPBIi1 IPOUCXOAUT OT aleTUI-KoA,
PacrpoCTPpaHEHHOTO NMPOAYKTA KIETOYHOrO JbIXaHUS B MUTOXOHJPHUAX, U XO-
JIMHA, KOTOPbI KpaifHe Ba)KeH JJIS META00IM3Ma XHUPOB BO BCEM TeJIE.

AMVHOKHCJIOTHBIE ¥ aMUHOBBIE HEHIPOMENATOPbI OGBIYHO XPAHATCS B Pa3-
HBIX TPyNNax HEfPOHOB U BBIAEJSIOTCS TOXE U3 Pa3HbIX Ipynmn HeiipoHos. ITo
TPaguLH, yupexaeHHoi JleiiioM, HeiIpOoHbI KJIacCU(ULMPYIOTCS Ha Hemepe-
CeKalomuecs rpynmsl B 3aBUCUMOCTH OT HeiipoMeanaTopa (XOJMHIprudeckue,
rytamatsprudeckue, TAMK-spruyeckue u T.4.). Iunoresa o ToM, 4To y Heitpo-
Ha MMEETCs JINIIb OJUH HePOMEIUATOP, YaCTO Ha3bIBAIOT MpUHITUNOM Jleiina.
MHorue nenTuacojepxaliye HepoOHbl HapymaloT npuHuun Jleiaa, moTomy
YTO 3TU KJIETKU OOBIYHO BBIAEJSAIOT 6OJie€ OJHOTO HEpOMeIuaTopa: aMUHO-
KUCJIOTY uAy aMMH U nenTuf. Eciu u3 ogHON NpecHHanTU4eCcKoi TepMUHAIN
BbIAEJIIETCS ABa WM 6ojiee MeAUaTopa, OHM Ha3bIBAIOTCS KO-MeAHMaTOpaMHM.
B nocnenuune roap 06HapyX€eHO 60JIbIIOE KOJUYECTBO HEIPOHOB C KO-MENATO-
PaMH, B TOM 4HCJI€ HEIIPOHBI, BbIJENAIOIINE Ba HEOOIbIINX HEHPOMEAUAaTOPA
(TAMK u mmunuH). Tem He MeHee GOJIBIIMHCTBO HEIIPOHOB BCE )K€ BBIJEJSIOT
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JIMIIb OAMH HeifipoMeuaTop (aMUHOKHCJIOTHBI WM aMUHOBBIiT), KOTOPBIii MO-
XeT ObITh UCIIOJIb30BaH /I OTHECEHU UX K TOMY WM HHOMY HeIlepeceKalole-
Mycs KiIaccy. JlaBaiiTe nmogpoGHee pacCMOTPUM OGHMOXMMHUYECKHE MEXaHU3MBI,
KOTOpbI€ OTJIMYAIOT 3TU HEIPOHBI.

XonuHapruyeckue HeMpoHbI

Anermwixonun (AX) sBaseTcs HeilpOMEJUaTOPOM HEHPOMBIIIEYHBIX CHU-
HaIICOB, I03TOMY OH CUHTE3UPYETCS BO BCEX JBUTaTE/IbHBIX HEIIPOHAX CIIMHHO-
ro MO3ra 1 CTBoJIa Mo3ra. IIpoune xonuHepruyecke KJIeTKU BAUSIOT Ha (QYHK-
o onpegeneHHbix kpyros ITHC u ITHC.

Jna cuHTe3a aleTUIXOJIMHA TPEGYETCS OCOObIH (PEPMEHT — XOAUHAUEMUA-
mpancpepasa (XAT) (puc. 6.10). [Tono6HO MpaKTHYECKH BCEM NpECHHANTHYeE-
ckuMm 6Genkam, XAT cuHTe3upyeTcs B Tejle HEpPOHaA, a 3aTeM MEPEHOCUTCS B
TepMuHaab akcoHa. XAT COAEpPXKUTCSA UCKIIOYUTENBHO B XOJMHIPIUYECKUX
HeHpPOHax, MIO3TOMY OHa fBJISETCA OTIMYHBIM MapKEPOM Ul KJIETOK, UCIOJIb-
3ylOIUX B KadecTBe Heiipomeauatopa AX. Hanpumep, ans omnpezneneHus
XOJIMHAPIrU4eCKUX HEHPOHOB MOXHO MCIOJb30BaTh MUMMYHOTMCTOXMMHIO C
XAT-cneundudeckumu anturenamu. XAT cUHTe3UpYeT alleTUIXOJUH B IIUTO-
30J1€ TEPMUHAIN aKCOHa, a 3aTeM (P€PMEHT HAKAILIMBAETCSA B CUHANITUYECKUX
Ny3bIpbKaxX € IIOMOIIBIO BE3UKYJISPHbIX IepeHocunkoB AX (Bpe3ka 6.2).

XAT nepenocut aneraTHyio rpynmny c anetua-KoA na xonun (puc. 6.11, a).
VIcTOYHMKOM XOJIMHA BJISIETCS BHEKIETOYHAS )KUJKOCTD, TA€ OH NPUCYTCTBYET
B MUKPOMOJISIPHBIX KOHIIEHTPALUAX. XOJIMH 3aXBaThIBACTCS T€PMUHAIBIO XO-
JIMHAPrUYEeCKOro aKCOHA C IMOMOIIBIO CHENN(HUIECKOro NepeHOCYNKa, KOTOPO-
My [UIsl IepeMeIleHUs X0IMHa TpeGyeTcss KOTPaHCIOPT ABYX HOHOB Na® (Bpe3-
Ka 6.2). M3-3a TOro, 4To JOCTYIHOCTb XOJMHA OrPAaHUYUBAET KOIUYecTBO AX,
KOTOPbIi1 MOXET ObITh CUHTE3UPOBAH B TEPMUHAJIU aKCOHA, IIEPEHOC XOJIMHA B
HepOH Ha3bIBAIOT CTaAMEH, IMMHUTHPYIOWE ckopocThb cuHTe3a AX. ITpu He-
KOTOPBIX 3260JIEBAHUSAX, XapaKTePU3YIOUNXCS CHIXEHHUEM XOJMHIPrUYeCcKoil
CHMHANTUYECKOM NepeJayn, HHOI/JA Ha3HAYaloT MUIEBbIE JOOABKH C XOJHUHOM,
NOBbBIIAIOIIM ypoBeHb AX B MO3re.

XoJMH3prudecKue HeifpOHbI TaKKe BbIPaGaThIBAIOT (PEPMEHT, PaCIIEIISIO-
muit AX — ayemuaxorunscmepasy (AX3). AXD cexpeTUpyeTcss B CHHaITU4ECKYIO
eJb, TA€ OHA CBS3bIBACTCSA C MEMOPAHOM NPECHHANTUYECKON XOJMHIPruye-
ckoit TepMuHany. Ho AXD cuHTe3upyeTcs Takxe HEKOTOPbIMU HEXOJUHAPrU-
4YeCKMMU HEHPOHAMHU, IIO3TOMY OHAa HE MOXET GbITb TAKUM XK€ I0JIE3HbIM Map-
KEpOM XOJIMH3PrU4eCKUX CUHAICOB, Kak XAT.
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Ha nepegHem kpae Hayku

MNepekauka MOHOB U HEUPOMEAUATOPOB

Hepomegmatopbl NPOXMBAIOT yBNeKaTeNbHY XWU3Hb, CaMO PYTUHHOM YacCTbio
KOTOPOW ABNRAIOTCA 3Tanbl UX NepepaboTkm 13 CMHaANTUHYECKOM LWwenn o6paTHo B Cu-
HanTU4eckne ny3bipbkW. B MecTax Hannyma CMHaANCOB PAacnONOXeHO Hambonbllee
KONMYECTBO 3K30TUYECKMX 6ENKOB 3K30UMTO3a U BecYMCNeHHoe KONNMYeCcTBO peuen-
TOPOB K HelpoMeamaTopy. TeM He MeHee NePEeHOCYNKM HEMpOMeamMaTopoB NpeacTas-
NAOT NHTEPEC KaK MUHMMYM NO ABYM NPUYNHAM: OHM BbIMOJIHSAIOT YPE3BbIYAKHO C/I0XK-
HYyt0 paboTy v BAAIOTCA MECTOM BO3AEVNCTBUA MHOMMX NCUXOaKTUBHbBIX BELLECTB.

CnoxHas paboTa NepeHOCHMKOB 3akno4aeTca B achdeKTMBHOM nepekayke Mone-
KyNn HeMpoOMeanaTopa, B pe3dynbTaTte Yero OHW CKannmBatoTCA B BbICOKNX KOHLEHTPa-
UMAX B O4eHb OrpaHun4eHHOM obbeme. CyuiecTsyeT ABa Tvna NepeHOCHMKOB HENpo-
MegmaTopos. [1epBbli TUN — NEePeHOCHMK HEeMPOHHON MeMmbpaHbl. OH 3axBartbiBaeT
MegmaTop M3 BHEKNETOYHOW XMAKOCTU, B TOM YUCME M3 CUHANTUHECKOM Wenu, 1 B
NPEeCUHaNTU4eCKON TEPMMHANN aKCOHa CO3[4aeT KOHUEHTpauuio Hempomeamaropa,
npuMepHo B 10 000 pas NpeBbILLAIOLLYIO 3TOT NOKa3aTesb BO BHEKNETOYHOW XMAKOC-
T™M. BTOPO TN — BE3UKYNAPHBbIE NEPEHOCHMKM, KOTOPbIE YNakoBbIBaOT HepoMeamn-
aTtop cpasdy B cvHanTU4eckre ny3bipbkn B KOHUEeHTpauun, B 100 000 pas npesbiwa-
fOLLe KOHUEHTpaumio B umMTo3one. Tak, HanpuMep, B CMHANTUHYECKUX Ny3bipbKax AX
cnocobeH gocturaTb KoHUeHTpaumm B 1000 MMonb vnu, apyrumm cnosamn, 1 Mons,
YTO BABOE BbILLIE KOHUEHTPaLUM CONM B MOPCKOW BOAE.

Kaknm xxe 06pa3oM NEPEHOCHNKM AOCTUrAIOT TaknUx nokasarenen KoHUeHTpauum?
KOHUEHTpaums XMMUYECKMX BELLIECTB HANOMUHAET NOABEM C rPy30M Ha ropy: obe 3a-
Aa4m HeBO3MOXXHb! 6e3 3aTpart aHepruu. MNpunoMHMTE 13 rnasbl 3, YTO MOHHbIE NOMMbI
NCNONb3YOT 3Hepruto ATO Ans nepeHoca noHos Na*, K+, n Ca® npoTve ux rpagneHTa
KOHUEHTpaUmW. 3TW MOHHbIE rpaveHTbl HEOOXOAMMbI AN NOAAEPXKAHWA NOTeHUMana
NOKOS 1 AN CO3[aHUA MOHHbIX 3aPAA0B, NNEXaLLWX B OCHOBE NOTEeHUManoB AecTama 1
CYHaNTNHECKNX NOTEHUMAN0B. AHANOrMYHbIM 06Pa30M MEMOPaHb! CUHANTUHECKNX My-
3bIPLKOB COAEPXKAT HACOCHI, KOTOPbIE MCNONL3YIOT ATD Ana nepeHoca H* B Ny3blpbKK.
O6patuTe BHUMaHWE, YTO, Kak TOMNbKO BOKPYr MeMBpaHbl 06pa3yioTCA MOHHbIE rpaau-
€HTbl, OHW CaMM MOryT MCNONb30BATLCA B KAYECTBE MCTOYHWMKOB 3Heprun. MNoaobHo
TOMy, KaK 3Heprusa, KoTopas TpatuTCa Ha NOAHATME rpy3a B 4acax C KyKYLLIKOW, 1c-
nonb3yeTcs ANA NOBOPOTA LWECTEePEeH UNM CTPENOK YacoB (MOCKOMNbKY rpy3 HayHeT
MeANeHHO OMyCKaTbCA Ha3afd), Tak U NEPEHOCHMKM MCNOMb3YIOT TPaHCMeMOpaHHble
rpagveHTsbl Na* nnm H* B kKa4eCTBe UCTOYHUKOB SHEPTMN ANS NEPEMELLEHNA MONEKYN
HenpoMenmaropa NPOTMB rpagueHTa ero KoHUeHTpauun. [1epeHoCcymKkn no3sonatoT
HEMHOrO CHU3UTLCA TPaHCMeMOpaHHOMY rpaaneHTy Na* unu H*, 4tobbl B3aMeH He-
MHOrO NOBbICUTb FPAAMEHT HepoMeamarTopa.

Camu nepeHocUmKn NpeacTaBneHbl KpynHbiMm TpaHcMeMbparHbiMm 6enkamn. [na
OAHOrO HerpoMeamaTopa MoryT CyLecTBOBaTb HECKONbKO PasnuyHbIX NepeHOCcHU-
KOB (Hanpumep, N3BECTHO Kak MUHUMYM 4YeTbipe noasuaa nepeHocumkos FAMK). Ha
puvc. A NoKasaH NPUHUMN nx AencTaus. [epeHocHmKn umTonnasmarnyeckon memopa-
Hbl MCNONB3YIOT MEXaAHN3M KOTpaHcrnopTa, Koraa BMecTe C AByMsA noHamu Na* nepe-
HOCUTCA 0fHa Monekyna HevipoMeamaropa. NepeHoCcHk BE3MKYNSpHOK MeMbpaHsl
HanNpPOTUB, MCMONL3YIOT MEXaHW3M MPOTUBOMONOXHOO NMepeHoca, Korga Monekyna
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Heripomeamaropa 13 uMTo3ons 06MeHvnBaeTCs Ha OAWH MOH H* 13 nysbipbka. B Be-
3MKYNAPHbIX MembpaHax nmeeTca 60MbLLIOE KONMMHECTBO NPOTOHHBLIX NMOMN, KOTOPbIE
NOCTOAHHO MOAAEPXKMBAIOT BbICOKYIO KMCNOTHOCTb MNU, APYrMMW CNOBamK, BbICOKOE
COAep>KaHue NpoTOHOB (MOHOB H*) B Ny3bipbkax.

Kakoe e 370 BCe MMeeT OTHOLLEHWE K HapKOTWkam u 3abonesaHnam? MHorne
NCUX0aKTUBHbIE BELLECTBA, TakMe Kak aMeTaMnH U KOKawH, akTUBHO GNOKWMpPYIOT
HEKOTOpPblE NEePEHOCHUKIN. VI3MeHss HOpManbHbIN Npouecc nepepadboTki padnuHHbIX
HepoMeamnaTopos, HapPKOTVKK BbI3bIBAIOT MX AncbanaHc B MO3re, 4TO NPoBOUMPYeT
HapYLLUEHWA HACTPOEHNA Ui NOBEAEHUA. TakXKe He NCKMIDYEHO, 4TO AedekTbl nepe-
HOCHMKOB MOTYT NPUBOANTL K NCUXMATPUHECKUM UNW HEBPONOrMYECKMM 3ab0oneBaHn-
AM; HECOMHEHHO, HEKOTOPbIE BELLIECTBA UMEIOT TepaneBTUHECKYO NoNb3y 6narofaps
CBOE cNoCcoBHOCTN 6NOKMPOBaTL BENKN-NEPEHOCHNKN.

lpecunantuyeckas MpecuHanTyeckan
TAMK-apkuyeckas [nyramarapruyeckas

MepeHocumk MepeHocumk
TAMK rnyramara

BeankynsipHbi
NepeHocymK
TAMK

BeaukynapHbiv
NepeHoCcUmnK
rnyramara

2Na* Cny
FAMK 2Na‘

MNocTcuHanTyeckaa Membpaqa

Puc. A. MNepeHoCUMKN HerpomMeanaTopos

AXD pacmenaser AX Ha XOJMH U YKCYCHYIO KMCJIOTYy (puc. 6.11, 6). 9ToT
IIPOLIECC NPOUCXOJUT OYEHb OBICTPO, IOTOMY YTO KaTAIUTHYECKass CKOPOCTb
AX3 — oHa U3 caMbIX BBICOKMX CPEJU BCEX U3BECTHBIX ¢epMeHTOB. OCHOB-
Hasl 4aCTb XOJIMHA 3aXBaTbIBAETCS ME€PEHOCYMKAMH XOJIMHA Ha MeMOpaHe mpe-
CHHANTUYECKO TEPMUHAIN aKCOHA M MOBTOPHO HCIOJB3yeTCsl B CHHTe3e AX
(xpacHas cTpesika Ha puc. 6.10). B maBe 5 Mbl ynoMmuHany, 4ro AX39 sBiseTcs
MHIIEHbIO MHOTUX HEPBHO-NAPAIMTHYECKUX ra30B U MHCEKTUIUAOB. YrHeTe-
Hue AX3 mpeporBpamaer pacnaj AX, TeM caMbIM NpepbiBas Nepejady B XO-
JMH3PrUYeCKUX CHHAICaxX CKeJEeTHBIX MbimI U cepiua. K ocrpeiM adpdexram
OTHOCSATCS CYIIECTBEHHOE CHMXEHHE YaCTOTbl CEpPAEYHBIX COKpaIlEeHUH U
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apTepHAIbHOrO JaBJeHUs, OXHAKO CMEPTh IPU HEOGPATUMOM yrHeTeHN AXD
OGBIYHO HACTYMAET BCJIEJCTBHE MAPATNYA JAbIXAHUS.

MpecvHanTuyeckas knetka

epeHocumk
Na*_xonuHa
MepeHocumk
aLeTUNXoamHa

war_[Fom]

Alis=—r 4

AueTtun-KoA

AX XonuH
o mo

AX-peuenTopbl

MocTcuHanTryeckas knetka

Puc. 6.10. XXn3HeHHbIN uukn AX

]
CHSC\ . . ﬁ +
KoA | HOCH,CH,N(CH;); ——> CH;C—OCH,CH,N(CH;); + a1
XonmHaueTun-
Auetun-KoA  + X0onuH TpaHchepasa (XAT) AX
(a)
| ﬁ
+ +
CH,C—OCH,CH,N(CH,), » CH,C—OH HOCH,CH,N(CHj),
AueTnixomMHacTepasa
AX KCycHas
Kucnota Y ol
(6)

Puc. 6.11. AuetunxonuH. (a) CuHTes auetunxonunHa. (6) Pacnag auetunxonuHa
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KaTexonammHapruyeckue HelpOHbl

AMUHOKHCJIOTA TUPO3UH SIBJSETCA OOIMM NPEALIECTBEHHUKOM TpEX pa3-
JUYHbIX aMHUHOBBIX HEHPOMEJIMATOPOB, COJAEPKAIMUX XUMHUYECKYIO CTPYKTY-
py noa HaspaHueM kamexon (puc. 6.12, a). Takue HeifpoMeaaTOpPbl Ha3bIBAIOT
0O6IKMM TEPMUHOM KaTexoJaMuHbI. K KaTexos1aMHHOBBIM HelpoMeauaTOpaM
oTHocaATcs gocdamun (JA), Hopaapenanrun (HA) u axpeHannH, Takke HUMEHy-
eMblit anuHedpuHOM (puc. 6.12, 6). KaTexosmaMMHOBbIE HEHPOHBI TPUCYTCTBY-
IOT B 06JIaCTAX HEPBHON CHUCTEMbI, OTBETCTBEHHBIX 32 PETYIALMIO ABHXEHUI,
HACTPOEHMS, BHUMAHUA U (PYHKIUI1 BHYTPEHHUX OPraHOB.

Bce xaTexomamuH3pruyeckue HEPOHBI coAepXaT (epMEeHT muposunauo-
poxcurasy, KOTOpBIA KaTalM3UPYEeT MEPBbI 3Tal CHUHTE3d KaTEXOJAMHUHOB,
npeo6pa3oBaHKUEe TUPO3UHA B COEJUHEHUE, Ha3biBaeMoe noda (L-auruapokcu-
¢ennnananun) (puc. 6.13, a). Axtusnocts TI' IMMUTHPYET CKOPOCTb CHHTE3a
KaTeX0JJaMUHOB. AKTUBHOCTb 3TOr0 (pepMEHTa PEryJIUpyeTcs Pa3JIuuHbIMU CUT-
HaJlaMH B IIMTO30JI€ TEPMUHATH akcoHa. HanmpuMep, CHUXeHue BblIe/IEHUS KaTe-
XOJIAMMHOB U3 TEPMUHAJIM AKCOHA IPUBOAMT K MOBIIIEHUIO UX KOHIIEHTPAIlUH B
IIUTO30JI€, UTO B CBOIO OYepesb yrHeTaeT akK-
tuBHOCTb TTI. Takas ¢popma MHrMGMpPOBaHUSA
HA3bIBAETCA UHIUOUPOBAHUEM KOHEUHBLM Npo-
dykmom. C Ipyroii CTOPOHbI, IPU UHTEHCUB-
HOM BblJI€JICHUH ME€JUATOPOB IIOBbIIEHUE
[Ca2+]i, COIPOBOX/AIOIIEE BbICBOGOMXEHHE
HeiipoMeuaTopa, NPUBOAUT K IOBBILEHUIO
axkTuBHOCcTH TT, HanpaBIeHHO Ha TO, YTOObI
3amachl HelpoMeAuaTOpa COOTBETCTBOBAIM
60JbIIMM TMOTPEOHOCTAM cHuHamca. Kpome
TOTO, JJIMTEJIbHbIE I€PUOAbI CTUMY AU Be-
ayT k ycuinenHomy cunTtesy uPHK, xoaupyio-
CHCH,NH, el 3TOT (PEPMEHT.

H Joda npeobpasyercsa B HeipoMeIUaTOp
Hopappenanu (HA) nogamun (JA) ¢ nomompio dpepmeHTa do-

5

(a) KaTexonosas
rpynna

ik
(@]

HO

Bodamux (AA)

CH,CH,NH,

i

i 5
(@]

%

o—

(HopERmE IV Pa-dexapboxcurass. (puc. 6.13, 6). B xatexo-
{ o
HO § JIAMUH3PTUYECKX HEHPOHAX COJAEPXKUTCS
bII MYeCTB HT -ne-
HO | CHCH,NHCH, 60/1b1IOE  KOUYECTBO (epMeHTa aoda-ue
[ ] KapGOKCUIa3bl, TIO3TOMY KOJMYECTBO CHH-
— OH
(6) Agperaman TeaupyeMoro jodaMuHa ONpexesseTcs
(3nMHebpMH) IIABHBIM OGPa3oM KOJUYECTBOM JOCTYITHO-

Puc. 6.12. KatexonamuHbl. (a) Ka-
Texonosas rpynna. (6) Karexonamu-
HOBblE HeipoOMeauaTopbI

ro gocda. Ilpu HapymeHUM ABMXEHUN, U3-
BECTHOM Kak 6osie3nb IlapkuHcoHa, noda-
MUH3PTUY€ECKUE HEIPOHBI MO3ra MeJJIEHHO
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JleT€HepUPYIOT, IOKa, B KOHIIE KOHIIOB, He TOru6aioT. OJHUM U3 METO/IOB JIeye-
HUsA G6oste3nu [lapkuHCOHa ABJIsgEeTCA Ha3HAYeHHe JOdBbl, YTO NPUBOAUT K MO-
BBINIEHUIO CUHTE3a Jo(aMUHa B BbKUBIINX HEHPOHAX, MOBbIIIAss KOJHMYECTBO
JOCTYITHOTO /151 BBICBOGOXA€HUA A0(daMUHa.

Heiiponsbl, ucnose3yiomue B kauecTBe Heiipomeauatopa HA, comepxat
nomumo TI' u noda-nexap6okcuaasbl pepmeHT dogamun--zudpoxcurasy (AbI),
KoTopblit npeo6pasyer JA B HA (puc. 6.13, ). [IpumeyarensHo, uto JBIT ot-
CYTCTBYET B LIUTO30JI€, HO €CTh BHYTPU CHUHANITUYECKUX Iy3bIpbKOB. Takum 06-
Pa3oM, B HOPaJPEHIPrUYeCKUX TEPMUHAIAX aKCOHOB JIA nmepeHocUTcs U3 M-
TO30JIs1 B CHHAIITU4YEeCKHeE My3bIPbKH, T€ U3 Hero cuHTe3upyercs HA.

%\Q\‘Qﬂé
TuposnH HO—@CHchNHZ
TuUpo3uUHruapokcunasa
(1)
COOH|
(a) L-guruapokcu-
deHnnanaHuH CH,CNH,
Hodapekapbokcunasa
6 odamuH
©) 3 lé‘;lA) CH,CH,NH,
Hodamun-B-
ruppokcunasa (466)
(8) Hopappe-
HanuH (HA) ?HCHQNHZ
OH]
deHTonammH-N-
meTunTpaHcdepasa
(PHMT)
(r) AppeHanuH C‘)HCHZNHCH3
“OHf

Puc. 16.13. CuHTe3 KaTexonamuHOB U3 TUpO3uHa. Katexonamu-
HOBbIE HeripoMeaVaTopb! BblAENEeHb! XUPHLIM LLIPUDTOM
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IMocie IHUM B CIIHCKE KATEXO0JIaMHHOBBIX HEHIPOMEJMATOPOB ABJISETCS afpe-
HaJIMH (3n1HedpUH). ApeHsprudeckiie HeHPOHBI COAEPXKAT (pepPMEHT Penmo-
aamur-N-memuampancgepasy (PHMT), xoropslit npeo6pasyer HA B agpeHanun
(puc. 6.13, 2). UnTepecno, uro PHMT npucyTcTByeT B HIUTO30JI€ ajpEHEPTHU-
4eCKUX TepMUHaIeil akcoHa. Takum o6pasom, HA cHavyara Jo/xeH CHHTE3M-
POBaThCA B Ny3bIPbKAX, 3aTEM BbIAEIUTHCS B IIUTO30JIb, YTOOBI IPEBPATUTHCS B
aJpeHaJIMH, a 3aTeM ONATb IePEHECTUCH B My3bIPbKU I€PeJ] CBOMM BbICBOGOXK-
nenunem. [Tomumo pyHKLIMM HelfpoMeaTopa B MO3Te, aJipeHaIMH TaKXe sBJIs-
€TCsI TOPMOHOM, KOTJa BbIAEJISAETCS HAAMIOYEYHbIMH XKeJle3aMU B KPOBEHOCHOE
pyco. Ilupkyaupyomuit B KpOBH aJPEHAIMH BO3JAEHCTBYET HA PELENTOPBI 110
BCEMY TeJIy, BbI3bIBasi CKOOPAMHUPOBAHHYIO PEAKIIMIO BHYTPEHHUX OPraHOB.

Y KaTexoJaMUHOBBIX CHCTEM OTCYTCTBYIOT GbICTpblE paciiersoomue ¢ep-
MEeHTBHI, NoJ06HO AX3. BMecTo 3TOro Bo3eiicTBHUE KaTEX0JJaMUHOBBIX Heifpo-
MeJMaTOPOB B CHHANTHYECKOM LIeJH 3aKaHYUBAETCS CEJEKTUBHBIM OGPaTHBIM
3aXBaTOM HeiipoMeZMaTopa B TePMHUHAIb aKCOHA OCpeAcTBOM Na*-3aBUCHMBIX
IePEHOCYNKOB. TOT 3TAI OYEHb IOABEPKEH BO3/EHICTBUIO MHOTUX HAPKOTH-
xoB. Hanpumep, aMdeTaMuH 1 KOKauH GJOKHUPYIOT OOpaTHBIIl 3aXBaT KaTeXo-
JIAMHUHOB, TEM CaMbIM NpoJuieBast 3¢ eKThl, BbI3bIBa€Mble HeiipoMeauaToOpoM
B cMHanTHU4eckoii meu. Oka3aBIIKCh CHOBA B TEPMUHAIN aKCOHA, KaTeXoJa-
MMHBI MOTYT GBITb YIAaKOBaHbI B CUHANITHYECKHUE Iy3bIPbKU AJIS MOBTOPHOTO
HCTIOJIb30BAHUS WM pa3pylleHbl BCIEACTBHE BO3JEICTBUS (pepMeHTa MOHOAMU-
noxcudasvt (MAO), KOTOPBIHl HAXOAUTCS HA BHENIHEH 060JI09Ke MUTOXOHIPHIA.

CepoTOHUHIPruyecknue HeupoHbI

AMMHOBBI/f HEHPOMEANATOD CEPOTOHMH, HMHAde HMMEHYEMblil 5-2udpoxcu-
mpunmamunom, i 5-I'T, npoucxoaut oT aMuHOKUCIOTHI TpunTodaHa. Cepo-
TOHMH3PIUIeCKHe HEIIPOHbI OTHOCUTEIbHO MAJIOYUCJIEHHBI, HO UTPAIOT BAX-
HEIIyIo PoJIb B CUCTEMAX MO3ra, PeryJIMpyIOIUX HACTPOEHUE, IMOIIMOHAILHOE
MOBeJIEHUE U COH.

CHHTEe3 CepOTOHHMHA, KaK ¥ cUHTe3 JJA, mpoHucXoauT B AiBa 3Tana (puc. 6.14).
Cravana mop Bo3aeiticTBueM depMeHTa mpunmodanzudpoxcuraszs. TpunTodaH
IpeBpamaeTcs B IPOMEXYTOYHbII KOMIIOHEHT, Ha3bIBAEMbIi1 5-2ud poxcumpunmo-
darom (5-I'TP). 3atem 5T'TP nox BosaeitcTeueM pepmenTa 5-I'TP-dexapboxcura-
sv.ipeo6paayercs B 5-I'T. CUHTe3 cepOTOHMHA OTPAaHUYNBAETCS JOCTYITHOCTbIO
TpunTodaHa BO BHEKIETOUHON XUJKOCTH, OMbIBaIONIEl1 HEPOHbIL. M cTouHM-
KOM TpunTodaHa B TKaHAX MO3Ta IBJISIETCS KPOBb, 2 MCTOYHUKOM TPUNTO(aHa
B KPOBH fABJISIIOTCS MHUIEBbIE TPOJAYKThbI (OCOGEHHO GOraThl TPUNTO(PAHOM 3J1a-
KU, MSICO, MOJIOYHBbI€ INPOAYKTBI U IOKOJIAK).

ITocne BbicBOGOXAEHNS U3 TepMuHaIM akcoHa 5-I'T ymansercs u3 cuHanTu-
YeCKOii meau JeiicTBueM crienugUyIecKkux nepeHocuukos. IIponecc o6paTHOro
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3axBaTa CEPOTOHHHA, MOJOGHO OGPAaTHOMY 3aXBaTy KATEXOJAMUHOB, IIOJBEPKEH
BO3/I€IICTBHIO MHOTUX HAPKOTUKOB. Hanpumep, MHOTHME KIMHUYECKH UCTIOJb3Ye-
Mbl€ aHTUJENPECCAHThI ¥ TPOTUBOTPEBOKHbBIE IIPENApPaThl, B TOM YKcJie (IIyoK-
ceTuH (Toprosoe Ha3BaHue — “[Ipo3ak”) ABNAIOTCA CEIEKTUBHBIMU HHTUGUTOPA-
MM OGPaTHOTrO 3aXBaTa CEPOTOHMHA. OKa3aBIINMCh BHOBb B IUTO30JI€ TEPMUHAIN
aKCOHa, HEpPOMEANATOp JUOO0 MEPEHOCUTCA B CUHANTUYECKUE IY3bIPbKU JJIs
IOBTOPHOTO UCIOJIb30BaHUsA, MO0 paciienserca pepmentom MAO.

%JOOH
TpunTodaH @ CH,CHNH,
N
TpuntodaH-
i rnapokcunasa
COOH|
5-ruapokcutpuntodan
(5-TT) HO | CH,CHNH,
N
5-rTd
nekapbokcunasa
5-rmapokcuTpunTaMuH HO CH,CH,NH,
(CepoTOHuH, 5-IT) ; |

Puc. 6.14. CuHTe3 cepoTOHUHA U3 TpuntochaHa

AMUWHOKMCNOT3pruyeckme HeMpPoHbI

Amunoxucnors! rryramar (Iiy), mamun () 1 raMmma-aMuHOMac/IsHast
xucnora (FAMK) cryxat HeitpomeauaTopamu B 601bmMHCTBE cuHancos ITHC
(puc. 6.15). 13 Hux sumb TAMK B 3TuX HelfpoHaxX yHUKaIbHA CBOMM HCIIOJIb30-
BaHMEM TOJIbKO B KAYeCTBE HEIpOMEANATOPA; OCTAIbHbIE IIPUHAJIEKAT K YHC-
Jy 20 aMMHOKHUCJIOT, U3 KOTOPBIX CUHTE3UPYIOTCS GEJIKH.

[ryTaMaT ¥ IIMIUH CUHTE3UPYIOTCSA U3 IIIOKO3bI M IIPOYMX [TPE/IIIeCTBEHHH-
KOB I10J] BO3/ieiiCTBUEM (PEPMEHTOB, IPUCYTCTBYIONMX BO BCEX KIETKaX TeJa.
IToaToMy pasznuuue mexAy HEfpOHaMH B CUHTE3€ 3TUX aMUHOKHUCJIOT CKOopee
KOJIMYECTBEHHOE, YEM KaueCcTBeHHoe. Hanpumep, cpefHasa KOHLEHTpAUs IIy-
TamMaTa B TEPMUHAIN TJIYyTAaMAT3Pru4eCcKOro akCOHa paBHA NPUGIU3UTETLHO
20 MMOJIb, YTO B JBa-TPU pa3a Bblllle, YEM B HE-TIyTAMATIPrUYeCKUX HEpOHax.
Tem He MeHee IIABHBIM pa3IMYMEM MEXJ]Y IJyTaMaTdIPrUuecKUMH U He-TJIyTa-
MaT3PrUYecKUMH HEHpPOHAMM SABJIAIOTCA crenu@uuecKkue NepeHOCYUKH, 3a-
HOJIHAIOINE CHHANTHYECKHE My3bIPbKU. B riIyraMaTaprudyeckux TepMUHATAX
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aKCOHA (M HU B KaKUX JPYrUX) NePEeHOCUYMKH IJyTaMaTa KOHIEHTPUPYIOT €ro
B CUHANTUYECKUX Ny3bIPbKaX 0 AOCTHXXKEHHUS B HUX KOHLIeHTparuu 50 MMOJIb.
H3-3a Toro, utro TAMK He npunajnexur k unciy 20 aMUMHOKUCJIOT, IPUHUMA-
IOIUX y4aCcTHE B CUHTE3€ GEJIKOB, OHA B GOJIbIIOM KOJIMYECTBE CUHTE3UPYETCS
JIMIIb B T€X HEHPOHAX, KOTOPbIE MCIIONb3YIOT €€ B KayeCTBe HelipoMeuaTopa.
IIpemmectsennukom FTAMK aBnseTcs riayramat, a KI04EBbIM (PEPMEHTOM €€
CUHTE3a — dexapboxcusasa enymamunosoii xucroms: (JI'K) (puc. 6.16). IToaTomy
AI'K cuuraerca otninynbiM Mmapkepom TAMK-spruuyeckux Heitponos. IMmyHo-
LUTOXMMHUYECKHE UCCIeA0BaHUSA nokasany, yTo TAMK-aprudeckue HeiipoHbI
HIMPOKO pacnpocTpaHeHbl B Mo3re. TAMK-spruueckue HeifpoHbI ABJISIOTCS OC-
HOBHBIM UCTOYHMKOM CHHAIITUYECKOrO TOPMOXEHUs B HEpBHOII cucreme. ITo-
3TOMY, YTO NIPUMEYATENbHO, MIABHbIN BO30YXAAIOIUIT HEPOMEANATOP MO3Ta
OJHUM JBUXEHHEM IIPEBPAILAETCs B NIABHbII TOPMO3AIIMII HelipoMeauaTop!

COOH COOH|
|
NHséHCHQCHQCOOH NH,CHCH,CH,COOH
(|ZOOH
FnuumH [ekapbokcunasa
UGS  NHGH, rNyTaMUHOBON

kucnotol (ArK)

FAMK Y
y-amuHomacnsHas | NH,CH,CH,CH,COOH

KMCNoTa FAMK | NH,CHCH,CH,COOH

Puc. 6.15. AMMHOKUCNOTHbIE Puc. 6.16. CuHte3 FAMK u3
HelipoMeaMaTopbl rnyramara

CuHanTUYeckHe BO3JEHCTBUS AMHHOKHCJIOTHBIX HeEHpOMeINaTopOB 3a-
KaHYUBAIOTCA UX M3GHpaTeJbHBIM OGPAaTHBIM 3aXBAaTOM IPECHHANTHYECKUMU
TEPMUHAIAMH aKCOHA U KJIETKAMM IIMH Mo cnenuduyeckum Na'-3aBUCUMbIM
nepeHocuukaM. BHyTpu TepmuHaiteit namn wietok mmu AMK paspymaercs
¢pepmentom TAMK-mparcamunasoi.

Mpoune npeanonaraemMble HeripomeanaTopbl
W BHYTPUKJIETOUHbIE NOCPEeAHUKU

IToMMMO aMHMHOB M aMHHOKHCJIOT, NMOCPEJHHKAMH MEXIy HeilpOHHBIMU
KIE€TKaMU CJYXaT elle HECKOJIbKO MeJIKUX MoJeKys. OTHOl U3 caMbIX pacIpo-
CTpaHEHHBIX sBJIsIETCS afeHO3MHTpHGochaT (ATP), xroueBas MosIeKyIa Kie-
TOYHOro MeTaGonu3ma (cM. puc. 2.13). AT® Takke CIyKUT HepOMeAUATOPOM.
OH CKOHIIEHTPUPOBaH BO BCexX cuHanTudeckux nysbipbkax [THC u ITHC u BbI-
JesieTCsl B CHHAaNTHYEeCKYIO IeJIb BCJIeACTBHIE IPECHHANTHYECKUX CIAKOB 110
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Ca?'-3aBCHMOMY THITy, HOJOGHO KIACCUYECKUM HepoMeauaTopaM. 3a4acTyio
oxHoBpeMeHHO ¢ HUMU AT® 1 nomagaer B cuHanTH4ecKUe ny3bpbky. Hanpu-
Mep, B KaT€XOJaMUH-COAEPXKAIUX My3bIpbkax KOHIeHTpauus AT® moxeT xo-
CTUTraTb OTPOMHBIX NoKa3saTeseit, 10 100 MMob, BJOGABOK K KOHI€HTpaLUU
kaTtexosaMuHOB B 400 MMoib. B tanHOM ciyyae kaTexonamunbl U AT aBasioT-
cs xo-meguaTopamMu. AT® Taxxke B3auMO/eiiCTByeT B KaueCcTBe KO-MeAuaTopa C
T'AMK, riyramaTtoMm, AX, JIA ¥ nenTyUaamMy B Pa3IMYHbIX ClIEIMaIU3UPOBAaHHBIX
THUIAX HEIPOHOB.

AT® HenocpeAcTBEHHO BO36GYXKAa€T HEKOTOPble HEHPOHBI, OTKPbIBAas KaTH-
OHHble KaHa1bl. B aTOoM cMbicie HekoTophle pyHkuuu AT® kak Helipomenua-
TOpa HAallOMUHAIOT (GYHKIMHU IIyTaMaTa U aneTmixonuHa. AT® ceaspiBaeTcs ¢
nypumnspeuveckumu peyenmopamu, HEKOTOPbI€ U3 HUX SABIAIOTCA MEAUATOP-3aBU-
CHUMBIMU MOHHBIMHU KaHAIAaMH. JTO TaK)Ke OOIIMPHBII KJIaCC MypPUH3PIUYECKUX
PeLenTopoB, conpskeHHbIX ¢ G-6esikamu. ITocie ero BblAeIeHUS B CHHAIIChI
AT® pacnagaerca nmoj BO3AEHCTBUEM BHEKJIETOUHBIX (PEPMEHTOB C 06pa3o-
BaHUeM ajeHo3uHa. CaM 1o cebe afleHO3UH HE COOTBETCTBYET CTAHAAPTHOMY
onpezeJeHUIo HelipoMeIuaTopa, IOTOMY YTO OH He YIaKOBBIBAETCS B My3bIphb-
KU, HO, TeM He MeHee, aKTUBUPYET HECKOJIbKO U30UPATEJIbHBIX K aJIECHO3HUHY pe-
LENTOPOB.

CaMbIM MHTEPECHBIM OTKPBITHEM MOCJIEJHUX JIET, CBA3aHHBIM C HeiipoMe-
JuaTopaMH, GbLJIO TO, YTO MEJKHE JUIHUAHbIE MOJIEKYJIbl, Ha3bIBa€Mbl€ JHJO0-
KaHHaOMHOMAAMM (3H/JOT€HHBIMU KaHHAGMHOMJAMHU), MOTYT BBIAEJISTHCS U3
NOCTCUHANTUYECKUX HEHPOHOB M BO3JEHCTBOBATh HAa INpPECHUHANTHYECKHE
TEPMUHAJIM aKCOHOB (Bpe3ka 6.3). CBA3b B 3TOM HampaBjJeHUU (OT “HOCT-” K
“npe-") Ha3bIBAIOT pempoepaonoti cuzHasu3ayuel; CJie JOBATeJIbHO, S9HAOKaHHAGU-
HOUJIbI ABJISIOTCS PeTPOrpaJHBIMU NOCPeAHUKaMH. PeTporpajaHble nocpea-
HUKU CJIyXaT CBOEro poja CUCTEMOI1 OOpaTHOI1 CBA3M, peryIupyoueil cTaH-
JapTHble ¢OpPMBI CHUHANTHYECKOM Nepejadyl, KOTopass MPOXOAUT OT “mpe-”
K “nocrt-’. HoBble gaHHblEe 00 3HJOKAaHHAOMHOMIHONA CUTHAIM3ALUN I1OSBJIS-
IOTCA 0 CUX IIOpP, HO OAMH 6a30Bblil MEXaHU3M CETOJHS U3Y4YeH IOJHOCTHIO
(puc. 6.17). AKTUBHOE BO3HHMKHOBEHME IMMOTEHIMAJIOB AEUCTBUS B IOCTCH-
HaITUYECKOIl MeMOpaHe BEJET K OTKPLITHUIO NMOTEHUUAI-3aBUCUMBIX Kalb-
I[UEBBbIX KaHAJIOB, 60JbIIOE KOoandecTBO Ca?* MPOHUKAET B KIETKY, TOBBILIAS
BHyTpukiIeTo4yHyio [Ca?]. ITobimenue [Ca?] 3aTeM CTUMYJHPYeT CHHTe3
MOJIEKYJI 9HAOKAaHHAOMHOUAOB U3 MEMGPaHHBIX JUMHUI0B, KAKUM-TO OGpa3oM
aKTUBUPYsA (HEPMEHTHI CUHTE3a 3HAOKAHHAOMHOUAOB. JHJAOKAaHHAGUHOU/bI
HMEIOT HECKOJIbKO HEOObIYHBIX CBOMCTB.

1. OHu He ynakoBBIBAIOTCS B CUHANTUYECKUE NY3bIPbKU, MOJOOHO 6OJIb-

IIMHCTBY HEPOMEAMATOPOB, 3aTO CHHTE3UPYIOTCSA GLICTPO B MOMEHT BO3-
HUKHOBEHMS HEOGXOAMMOCTH.
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2. Onu uMeIoT HeGOJIbIIOI pasMep U CIIOCOGHBI MPOHUKATh CKBO3b MeMGpa-
Hy. [Tocsie cuHTE3a OHM MOTYT 6bICTPO A PYHAUPOBATH CKBO3b MEMGPAHY
CBO€M KJIETKM U KOHTAKTUPOBATh C COCEIHUMHU KJIETKAMMU.

3. OHM U36UpPATEJbHO CBA3BIBAIOTCS C KAHHAOMHOMAHBIMU pELENTOpaMu
tuna Kb1, pacnosoxeHHbIMU [TaBHBIM O6Pa30M Ha ONpeeeHHbIX Ipe-
CUHANTUYECKUX T€PMUHAIAX.

MNpecvHanTnyeckas
TepMUHanb

KB-1 peuentop

[y3bipbkn

Kanbuuessii G-0€110K

_ NMocTeuHanTuieckuit
‘ 3NEeMEHT

DepmeHT

OHpokaHHabuHouA,

Puc. 6.17. PeTporpagHas CUrHann3auusa sHaokaHHabuHounaamm
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JT0 NHTEpecHo

3710 Baw MO3r NoA 3HAOKaHHabuHoupamu

BonblMHCTBO HeMpomMeamnaTopos BbINM OTKPbITEI A0 MX PELENTOPOB, HO NPW CO-
BPEMEHHBIX TEXHONOrMNAX BbiBAET M HA0OOPOT. B 3TON NCTOPUM peuenTopsbl Bblnn OT-
KPbITb! eLie A0 OTKPbLITUA NX HEMPOMEANATOPOB.

Cannabis sativa — 60TaHM4eCKOe Ha3BaHWe KOHOMMW, BONOKHWUCTOrO pacTeHus,
KOTOPOE Ha MPOTHKEHUM MHOMMX BEKOB MCMONL30BANOCh ANA NNETEHUS BEPEBOK U
npsxn oaexabl. CeroaHa kaHHabuc 6onee M3BECTEH Kak HAPKOTWK, @ He Kak Cenb-
CKOX03aCTBEHHAA KynbTypa. OH pacnpoCTPaHAETCA B BUAE MapuxyaHbl vnv rawm-
wa. Bnepsble MOWHbIE NCMXOAKTMBHLIE CBOMCTBA KaHHabuca 3aMeTvnu KuTawlbl
4000 neT Hasafg, HO 3anagHOMy COOOLLECTBY O ero TOKCUYHbIX CBOWCTBAxX CTano
n3BecTHo nuwb B XIX Beke, koraa oTpaasl Hanoneowa Il BepHynnce Bo ®paHumio
ervneTckum rawmwem. B 1810 r. 4neH HanoneoHOBCKOM KOMUCCUN HayK 1 UCKYCCTB
4ONOXMA: “[Na erMnTaH KOHONNA ABNAETCA PACTEHMEM, NCNONb3YEMbIM MMaBHbIM 06-
pa3oM He Tak, kak B EBpone 1 npoumx cTpaHax, v LEHUTCS 3a ero 0Cobble CBONCTRA.
KoHonns, BelpaweHHas B ErvnTte, Ha caMoM aene ABNAETCHA TOKCUYHOM 1 HapKOoTUYe-
ckoin” (umt. no Piomelli, 2003, p. 873).

B HW3kmnx po3ax kaHHAbWC CNoco6eH Bbi3blBaTb IMAOPMIO, OLyLLIEHWE CnOo-
KONCTBMA 1N paccnabneHHoCT, HapyLweHWUs BOCNPUATUA, CHUXEeHWe 6onu, Cmex,
pPas3roBOPYMBOCTb, FONOA W FONOBOKPYXEHWE, @ TakXe CHWXXEHME CNOCOBHOCTH
NPVHUMAaTb PELUEHNA, YXYALLEHNE KPaTKOBPEMEHHOM NaMATN 1 NCUXOMOTOPHOM NPO-
N3BOANTENBHOCTK (T.6. ocnabneHne HasblkOB, HEOBXOAMMBIX ANA BOXAEHWA). Bbi-
COKME A03bl KaHHabwca MOryT BbI3blBaTh MMYOUHHLIE N3MEHEHWNA NUYHOCTU W faxke
ranniouHaumn,

AKTVBHbIM KOMNOHEHTOM KaHHabuca ABNaeTCA NLb 0AHO XMMUYECKOe BELLIECTBO,
HasblBaeMoe A-TerparmngpokaHHabumon, niv npocto TrK. B koHue 1980-x rogos cTa-
Nno o4eBmAaHo, 410 TIK cnocobeH CBA3bIBATLCA CO CNeuMdmyecKnMm “kaHHabmHona-
HbIMW" peuenTopammu, COnpPsXKeHHbIMW C G-6enkamu, B MO3re, B 4aCTHOCTW B 30HaX
ABUraTenbHOrO KOHTPONS, B KOPE Mo3ra 1 B 60neBbix NPOBOAALLMX NyTaX. [pnbnnan-
TENbHO B TO XX€ BPeMs rpynna nccnegosarenei U3 HaumoHanbHoro MHCTUTyTa NCUxm-
4eCKOro 340pPOBbA KNOHMPOBANa reH, KOAPYIOLWMA HEM3BECTHbLIN (Mnn “OpdhaHHbIR")
peuenTop, ConpsXXeHHbIn ¢ G-6enkom. [JanbHenwan paboTa BbifB1Na, YTO TaMHCTBEH-
HbIA peuenTop okasancsa kaHHabuHonaHeiM (KB) peuentopoM. CeroaHs n3BeCTHbI ABa
TMNa kaHHabuHonaHblx peuentopos: Kb1-peuentopsl B Mo3re n Kb2-peuentopsbl B
WNMMYHHbIX TKaHsAX BO BCEM OpraHuame.

MpumeyatensHo, 410 KB1-peuentopoB B MO3re 60Mble, YeMm /1obbIX APYrnx
peuenTopos, ConpsXkeHHbIx C G-6enkamn. 410 oHW TaM aenaioT? Mbl NpakTU4eckn
yBEPEHbI, YTO OHW 3BOMIOLUMOHMPOBANN He 3ateM, 4Tobbl CBA3bIBATLCA C TIK 13
KOHONNW. ECTECTBEHHbIN NUraHg peuentopa He MOXET BbiTb CUHTETUYECKMM Npe-
napaTtoM, pacTUTENbHbIM TOKCUHOM MNW 3MEVHBIM SAOM, HO OH MOXXET NMOMOYb Ham
nepsbIM AeNOM ONPEAEnUTbL caMm peuenTtop. BepoaTHee, kaHHabuHOMAHbIE peuen-
TOPbI CyLLECTBYIOT ANA CBA3bIBAHWA HEKOTOPbIX CUrHaNbHbIX MONEKYN, CUHTE3NPY-
€MbIX B HOPpME MO3rom: TIK-nogo6HbIX HernpoMeamaTopoBs, NONyYMBLUMX Ha3BaHWe
SHAoKaHHabuHou[os. B xoae nccneaoBanuin 6binv BbiABNEHbI ABA OCHOBHBLIX 3HAO-
kKaHHabwHounpa: aHaHdamug (OT CaHCKp. ananda — “BHYTPEHHee 6naxeHCTBo") u
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apaxvgoHounrnuuepon (2-AlN). M aHaHpaMwH,
n 2-Al" ABNAIOTCA MENKUMW NUNUAHbIMKM MOne-
Kynamum (puc. A), HEMHOro OTANYaKLWLMMNCA OT
NPO4UX N3BECTHbIX HEMPOMEANATOPOB.

[To Mepe noucka HOBbIX HepomeanaTopos
NPOOOMKAETCA N OXOTa 3a HOBbIMW COEAVNHEHW-
MW, CNOCOOHBLIMW N36MpaTenbHO CBA3LIBATLCA
¢ KBb-peuentopamu. Teopetndeckn kaHHabuHo-
nabl MOXXHO NCNONb30BaTb ANA YCTPAHEHWA TOLL-
HOTbI, CHWXeHnsa 6onun, paccnabneHvs Mbilwil,
neYveHns Cyaopor N CHWKEHWUA BHYTPUINA3HOMO
[aBNeHnsA Npu rnaykome.

2-apaxupoHoun rnmuepon (2-Ar)

Puc. A. dHpokaHHabuHonAp!

Penentopsl Tuna KB1 conpsxensl ¢ G-6e1kamMu, 2 OCHOBHBIM UX 3¢ (pekToM
OOGBIYHO SABJISAETCS CHIDKEHHE OTKPBITHSA NPECUHANITUYECKUX KUIbI[MEBbIX KaHa-
J0B. Korza kanbLyeBble kaHaIbl IPECUHANTUYECKOI MEMOPaHbI IOAABJIEHBI, €€
CIIOCOGHOCTD BBIAEIATh HelipoMeanaTop (06biuHo TAMK mim riryramar) naja-
eT. IToaToMy, €ciii MOCTCHHANTUYECKUIT HEIIPOH Ype3MEpPHO aKTHUBEH, OH BbIC-
BOOOXAA€T SHAOT€HHble KAHHAGHHOUABI, KOTOPbIE€ YTHETAIOT BO3GYXAaIOI1e
HJIM TOPMO3HbIE BO3/IEIICTBUS HAa HEIPOH (B 3aBUCHMOCTH OT TOTO, KaKHe Ipe-
cuHanTudeckue MeMGpaHsl umMeloT Kb1-penentopsr). 3TOT O6GIMIT 3HAOKAHHA-
GUMHOMIHBIN MEXaHNU3M Hcnob3yeTcs: Bo Beeil ITHC ausa peainsanuy ILMpOKo-
ro Auana3oHa ¢yHKIUi, KOTOpblE€ HAM JIO CUX IOp HE COBCEM MOHATHBI.

OZMH U3 CaMbIX 3K30THYECKHX XUMHYECKHX M€JMATOPOB, KOTOPbI Npe.Io-
JIOXXUTEJLHO UCIIOJIb3YEeTCs IJIs1 MeXKIETOYHONH KOMMYHHUKALMH, — OKCHJ a30-
Ta (NO), T.e. ra3. Takxe HeilpoMeIUaTOPaMH NPeJIOJOXKUTENBHO CYUTAIOTCS
raabl MOHOOKcU] yiepoaa (CO) u cyabgua Bogopoaa (H,S), ogHako cBuaeTenb-:
CTB2 B NOJIb3Y UX “ra3oMeJUaTOPHOI1” NPUpPOJbI BCe €lle BecbMa CKyAHbI. Peub
UJIET O TE€X CAMbIX OKCHJIE a30Ta, MOHOOKCH/IE YITIEPOJA U CyJb(puae BOAOPOJa,
KOTOpble fIBJAIOTCA PacCIpOCTPAHEHHBIMU 3arps3HUTENAMU Bo3fyxa. OKcUA
azota (NO) cuHTE3upyeTCca U3 aMUHOKHCJIOTbI apTMHHUHA BO MHOTMX KJIETKAX
OpraHM3Ma M UMeeT OYeHb MOIIHOE GMOJIOTMYECKOE BIMSHUE, B YaCTHOCTH Ha
peryasanuio kpoBoToka. B HepBHOI1 cucteme NO MOXET CIyXUTh O4epeJHbIM
IpHUMEPOM PETPOrpafHOro nocpeaHuka. biarogaps ceoeMy MasoMy pasmepy u
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BBICOKOM NMPOHMIIAEMOCTH CKBO3b MeMGpaHbl NO MoxeT cBOGOAHEE, UeM JpY-
rMe HepOMeaUaTOpPhl, NPOXOJUTh CKBO3b KJIETKY, UTOObI BO3JEHCTBOBATh Ha
JPYTyIo, pacloJIOX€eHHYIO 32 Heil. Takoe BIMsAHNE MOXET PACIPOCTPAHATLCSA Ha
HeGOJIbINYIO 30HY JIOKAIbHBIX TKaHEil U He OrPaHMYMBATBLCSA PACIIONOXKEHUEM
BblAenAomell ero kietku. C Apyroit CTOpPOHBI, OKCU/J| a30Ta ABJIAETCA BECbMaA
HeCTaGMJIbHOIT MOJIEKYJIOH U O4eHb 6bICTPO pacnagaeTcs. PyHKIUU ra3zoo6pas-
HBIX HEIpOMeaTOPOB B HACTOALIEE BpeMsl aKTUBHO M3y4aloTCs U HUPOKO 06-
CYX/IAIOTCS Y9EHBIM COOOIECTBOM.

IIpexxae yem 3aKpbITh TEMy XMMUH HEHPOMEIUATOPOB, MbI €1ll€ pa3 HAMOM-
HUM, YTO MHOTHE XMMUYECKHE BENIECTBA, Ha3bIBa€MbIE€ HEIIPpOMEIUaTOpaMU, MO-
I'YT IPUCYTCTBOBATh B BbICOKMX KOHIIEHTPALUAX B HE-HEMPOHHBIX YACTAX TEJA.
BeecTBo MOXET BBINOJIHATD JBOHCTBEHHbIE (PYHKLIMH, ONIOCPEAys epejady UH-
¢popmanum B HEPBHOI CHICTEME U BBINOJIHSAS COBEPIIEHHO JPYIYIO POJb B MHBIX
cTpykTypax. CaMo co60ii, aMUHOKHUCJIOThI MCIIOJIb3YIOTCSA /151 CHHTE3a 6EJIKOB BO
BceM Tesie. AT® aBinseTcs MCTOUHMKOM 3Hepruu s Beex kietok. NO Bbigens-
€TCsl 3HAOTENUANIbHbIMU KIETKAMU U BbI3bIBAET PacCJabjeHUe TIaJKUX MbIIILL
KPOBEHOCHBIX cOCY10B. (OAHUM U3 NOCJIEACTBUI1 3TOTO Y My>UHH BJISETCS SPEK-
1us.) KieTku ¢ cambiM BbICOKMM cofiepakaHueM AX pacroJioxeHbl He B MO3TY, a
B POroBUII€E IV1a3a, rje AX-penenTopbl OTCYTCTBYIOT. AHAIOTUYHO caMasi BbICOKas
KOHIIEHTPalusl CEPOTOHMHA BCTPEYAETCsA HE B HEHPOHAX, @ B TPOMGOLMTAX KO-
BU. DT HAa6JII0IEHUs IOAYE€PKUBAIOT BaKHOCTD TIATEIbHOIO aHAIM3a BEIECTBA
nepeJ TeM, KaK 3a4UCJIUTD €T0 B KATETOPUIO HEHPOMEIMATOPOB.

JleiicTBrE HEIIPOMEANATOPHOM CUCTEMBI HATTOMUHAET NbeCy B ABaaKTa. [lep-
BbIif aKT — npecuHanTuyeckuii. OH 3aKaHYUBAETCA BPEMEHHBIM MTOBBIIIEHUEM
KOHLIEHTPAallMM HEfpOMeauaTopa B CMHanTu4eckoi menu. Ceifyac Mbl ¢ BamMu
nepensieM KO BTOPOMy aKTy — OGPa30BaHHUIO 3JIEKTPUYECKUX M GUOXUMHYECKUX
CUTHIOB B IOCTCUHANTU4ECKOM HelpoHe. [l1aBHbIe poJH 3J€Ch GyAyT UTPaTh
M€eUATOP-3aBUCUMbIE KaHAJIbl U PELENITOPbI, conpsikeHHble ¢ G-6eakamu.

MEOVNATOP-3ABNCUMbIE KAHATbI

B mrase 5 Mbl y3aHaH, 4To AX M aMHHOKHCJIOTHbIE HEIPOMENaTOPhI OIo-
CPEeayoT GBICTPYIO CHMHANTHYECKYIO Iepejady, BO3JEICTBYsS Ha MeJuaTop-3a-
BHUCUMbIE MOHHbBIE KaHAIbl. DTU KaHAIbl ABJIAIOTCA BEJMKOJENHBIMH MHHHA-
TIOPHbIMU MeXaHu3MaMu. OJMH TaKOi KaHAI MOXET GbITh UyBCTBUTEJIbHBIM
JAETEKTOPOM XMMHYECKHX BEIIECTB U HAIMPSKEHUs, MOXKET C BHICOKOi1 TOYHO-
CTBIO PETyJIMPOBaTh TOK IIOPA3UTEIbHO GOJIBIIMX 32PAAO0B, MOXKET IPOCEUBATh
U OTGUPaTh HYXHbIE CPEAU OYEHb IIOXOXUX MOHOB U IPU 3TOM CIIOCOGEH pe-
TYJMPOBATLCA JPYTMMH pelenTOpHbIMUM cucTemMaMu. M Bce aTo mpu pasmepe
KaHan1a B 11 HM, MO3TOMY €ro eiBa MOXHO pasrJsaAeTh IPHU IOMOIIU CaMbIX TOY-
HBIX METOJUK KOMIIbIOTEPHOI 3JIEKTPOHHOI MUKPOCKOIIHH.
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Ba3oBasi CTPyKTypa MeauaTop-3aBUCMMbIX KaHanoB

CaMbIM MOAPOGHO M3YYEHHBIM MEJIMATOP-3aBUCHUMBIM HMOHHBIM KaHAJIOM
SIBJISIETCS HUKOTHUHOBBIIT AX-penentop HeipOMBIIIEYHBIX COEIMHEHUMH CKe-
JIETHBIX MbI. OH ABJISETCSA IEHTAMEPOM, €IUHBIM LEJIbIM U3 NATH GEJIKOBBIX
CcyObeJUHULL, PaCIIONOXEHHbIX IOJOOHO G0YapHbIM KI€NKaM, U 0Gpa3yeT B LI€H-
Tpe OJHy CKBO3HYIO IOpPy 4Yepe3 BCIo MeMOpaHy (puc. 6.18, a). UeTslpe pa3HbIx
MOJBHU/IA NOJUNENTHUIOB HCIIOIb3YIOTCS B Ka4eCcTBe CyGbe AMHUL HUKOTUHOBOTO
pelenTopa, OHU Ha3BaHbI COOTBETCTBEHHO -, -, Y- U 8-cyGbeanHuUIbL. [TosHO-
CTBIO 3PeJIbli1 KAHAI COCTOUT U3 ABYX 0-CYO'bEAMHUILL U 1O OJHOI CyObeAuHuULE [,
v u & (a66peBuaTypa a2pyd). Kaxaas us a-cyGbeJMHUI] UIMEET IO OAHOMY MECTY
cBA3bIBaHUSA AX; U1 OTKPBITHS KaHAIA TpeGyeTcs cBsA3bIBaHNe AX cpa3y B ABYX
MecTtax (puc. 6.18, 6). HUKOTHHOBbIE peLenTOpbl HEHPOHOB TAKXKe SABJIAIOTCS
IIeHTaMepaMH, HO, B OTINYHME OT MbILIEYHBbIX PELIENITOPOB, COCTOAT OHU B OC-
HOBHOM JIMIIb U3 0- U f-CyObeJUHULL (B COOTHOLEHUH a3B2).

NH,

MecTa npucoeanMHeH1s
aueTunxonunHa

Puc. 6.18. B3aumHoe pacnonoxeHue Cy6bLeAUHUL B HUKOTUHOBOM
AX-peuenTope. (a) Bua c60oky, Ha yBenuyeHHOM chparmeHTe nokasaHo pac-
nonoXxeHue 4YeTbipex anbga-cnupanen ecex cyéveamHuy. (6) Bua ceepxy,
nokasaHbl TO4KU CBA3bIBaHUA AX
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HecmoTpst Ha TO 4YTO y Bcex CyOBEAMHMI pellenTopa pa3Hble NMepBUYHbIE
CTPYKTYpbI, CYIIECTBYIOT OTPE€3KM, TJAE IOJMUIENTH/bl UMEIOT OJXMHAKOBYIO
[I0CJIEI0BATENbHOCTb AMUHOKHUCIOT. HanpuMep, Kax/pblif NOJIUNENTH] CyOb-
€IVHHUILl UMEeT YeTbIpe OTAEJbHBIX CET'MEHTA, KOTOpbI€ CKPYYHBAIOTCS B lb-
¢pa-criupanu (puc. 6.18). 13-3a TOro, 4T0 aMMHOKHUCJIOTHbBIE OCTATKH 3TUX IOJIH-
HENTHJIOB ABJIAIOTCS THAPOMOGHBIMY, CYUTAETCS, YTO YEThIpE ab(ha-CIIUpATH
ABJIAIOTCS MECTOM, IJI€ TMOJUIENTHJ BIIETAETCA B MEMOPaHY, HOJO6HO Opam
KaJIMeBBIX U HATPUEBBIX KAHAIOB (CM. IV1aBbl 3 U 4).

CeronHsa Taxxe M3BECTHA NEPBUYHAS CTPYKTYpa CyOBEJUHUIL JPYTHUX Me-
JUATOp-3aBUCUMBIX KaHAJIOB MO3ra, M Y HUX BCceX MHoro obmero (puc. 6.19).
BosbmmHCTBO cofepxaT deTblpe rUAPO(OGHBIX CerMeHTa, IMPOUIMBAIONINE
MeM6paHy B HUKOTUHOBOM AX-penentope, TAMK ,-penentope 1 muIMHOBOM
peuenTope. ATU TPU pellENTOpa HEHPOMEIUATOPOB ABIAIOTCSA EHTAMEPHbI-
MU KOMILIEKCaMH CyobeauHUI (pHc. 6.19, 6). [JlyTamMaT-3aBHCHMBIE KAHAIBI HE-
MHOTO OTJIMYaI0TCA. [TIyTaMaTHbIN! pelenTop ABJIIeTCs TETPAMEpPOM, KOTOPBI
COCTOUT U3 YEThIpEX CYGBEAMHHUL, OOPa3yIoIUX (PyHKUMOHAIbHBIA KaHaI.
3oHa M2 cy6beauHuUL IyTaMaTHOTO PELENTOpa He MPOHU3bIBAET MeMGpa-
Hy, a JIMIIb 06pa3yeT CBOEOOPa3HyI0 CKOOKY, KOTOpas MpPOKaIbIBAET MEMOpa-
HY HaCKBO3b 1 BBIXOAUT C €€ BHYTPEHHeI cTOpoHbI (puc. 6.19, ¢). CTpykTypa
IlyTaMaTHOTO peleNTopa 110 CTPOEHHUIO HAalIOMUHAET KaJleBble KaHalbl (CM.
puc. 3.17), 1 3TO CXOACTBO BJOXHOBHJIO YYEHBIX Ha OJHY YAMBHUTEJBHYIO T'H-
noTtesy: 6yATO IJyTaMaTHbIE PELIENTOPbl U KalMeBble KaHaJbl IPOU3OIIN OT
obmero npeaka — MOHHOro Kanaaa. Ilypunapruuyeckue (AT®) peuenTopbl
TaK)Xe UMEIOT HEOOBIYHYIO CTPYKTYpy. Kaxaasa ux cy6beluHULA UMEET JIUIIb
JBa CErMEHTa, IPOHU3bIBAIONINIE MEMOPaHy HaCKBO3b, a BECh peLlenTop o6pa-
30BaH U3 TPEX CYO'beAMHMUII.

CaMbIMU UHTEPECHBIMU BapUALUAMU CPEIU CTPYKTYP KaHAIOB ABJIAIOTCA T€,
KOTOpbI€ OOBACHAIOT UX pa3auuns. Pasubie MecTa cBA3bIBAHUA HeifipoMeaaTo-
Pa NMO3BOJIAIOT OAHOMY KaHaJly pearupoBaTh Ha IJIyTaMar, a ipyromy — Ha TAMK;
onpeJieJleHHble AMUHOKHCJIOTBI 110 TIEPUMETPY Y3KOi HOHHOI NMOpPBI I03BOJIS-
IOT IPOXOAUTH Yepe3 OfHM KaHabl inmb Na* u K, yepes apyrue — b Ca®,
a yepe3 TpeTbu —ynub Cl~.
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M1 M2 M3 M4 Peuentop  Cy6beamHuua

( \111|111/ @{ AX o
C 1651 6806 FAMK, o,
( 18 1B rAMK, B,
C X0 10} FAMK, Y2
( 150108 [ o
( 501305 ) |} [ B

C )5 618 KavnHatHbi rnyK1

C 15 @ B KavHatHbIn [nyk2

(a)

BHexne-
TOYHas

nosepx-
Hocrs .

2zl
R e 2 4
BHyTpu-
KNneTo4Has
NOBEPXHOCTb

AX
FTAMK,
[nuumHoBbIE peuenTopbl

[ nyramaTHbIii peuentop

) ()

Puc. 6.19. Cxoxue anemeHTbl CTPYKTYpbl Cy6be AUHUL, pa3nuyiHbiX MeanaTop-3aBu-
CUMbIX MOHHbIX KaHanoB. () BoT Tak 6bl BbiIrNsgenm nonMnenTuabl pasnuyHbix Cybbe-
OVHUL, €CNM pacCTaHYTb UX B NIMHUIO. Y HUX BCEX eCTb obLume bparmMeHTbl, Ha3BaHHbIE OT
M1 po M4, koTopble ABNAIOTCA CerMeHTamu, CKpy4eHHbIMU B anbda-cnvpani v NpoHU3bI-
BaloLWMMKU Mem6paHy. KanHaTHble peuenTopbl ABNAOTCA NOABUAOM peLenTopos rnyTa-
maTta. (6) OTHoweHne K MembpaHe cdparmeHToB M1-M4 a-cy6beamHuubl AX-peuenTtopa.
(B8) ®parmeHTsl M1-M4 cy6beavHuL, rnytTamMaTHoro peuentopa; oparmenTtel M1, M3 u M4
NPOHN3bLIBAIOT MEMGPAaHY HAaCKBO3b, B TO BPEMA Kak M2 NpOHUKAET B HEe NULLIb 4aCTUHHO
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AMMWHOKUCNOTHO3aBUCUMbIE KaHanbl

AMUHOKMCJIOTHO3aBUCUMbIE KaHaJbl OMIOCPEAYIOT JbBUHYIO JOJIO GbICTPOIA
cuHantuuyeckoit nepegaun B ITHC. [aBaiiTe paccMoTpuM ux nojgpo6Hee, mo-
CKOJIbKY OHU BaXXHbI /IS IOHUMaHUS TaKUX HECXO0XUX TeM, KaK CEHCOpPHbIE CH-
CTeMbl, MaMATh U 3a6ojeBaHusd. Heckosbko XxapakTepHbIX CBOHCTB 3THUX KaHa-
JIOB OTJIMYAIOT UX JAPYT OT Jpyra u onpejensior ux ¢pyukuuu B ITHC.

o Dapmaxorozus MECT UX CBA3BIBAHUS OMMICBIBAET, KAKHE HEHPOMEIMATOPBI
Ha HUX BJIMSIOT U KaK C HUMH B3aHMOJENCTBYIOT JIEKapCTBEHHbIE Mpena-
paTsl.

e Kumnemuxa nporecca CBA3bIBAaHUS HEHPOMEANATOPA M OTKPBITHA KaHAIA
ONKUCBIBAET NPOJOJKUTEIBHOCTD UX 3¢ PekTa.

o H3bupamesvrocms NOHHBIX KAHAIOB ONPEJEJISET, BHI3bIBAIOT JIM OHU BO3-
Gy A€HHE YI TOPMOXEHHE U IIPOHHUKAET JIM B KIETKY B 60JIbILINX KOJIH-
yectBax Ca?’,

o IIposodumocms OTKPBITHIX KAHAIOB OMOTAeT ONPEACIUTh BEJIUYMHY X

a¢pdexToB.

Bce aTu cBOIiCTBA ABAAIOTCS IIPSMBIM PEIYJIbTATOM CTPYKTYPbI KaHAJIOB.

myTamar-3aBucumMble KaHanbl

Panee Mb! yxe ymoMMHaIM O TpPeX NOJABUAAX INlyTaMaTHBIX PELENTOPOB, KO-
TOpble HOCAT Ha3BaHMA cBoux cneuuduueckux aronucros: AMIIK, HMJA
U xauHaTa. Bce oHM ABNAIOTCA IiIyTaMaT-3aBUCHMMBIMHM HMOHHBIMU KaHaJaMH.
AMIIK-3aBucumbie 1 HMJIA-3aBrcHMbIe KaHaIbI OTBEYAIOT 3a OCHOBHYIO 4aCThb
OBICTPOI BO36Yx/JAIOIEH CHHANITHYECKOI1 nepejauyn B Moare. Kaunarueie pe-
LENTOphl TAK)KE PACIIPOCTPAHEHBI B MO3re KaK Ha IMOCTCUHANTUYECKUX, TaK U
Ha NMPECUHANTHYECKUX 3JIEMEHTaX, OJHAKO UX (PYHKIIUS O KOHIIA ellle He U3y-
4eHa.

AMIIK-3aBucuMble penentopbl npoHunaems! aaa Na* u K* u B ocHoBHOM
HEMPOHULIAEMBI JJISt Ca?". KoHEeYHBIM UTOrOM MX aKTHUBALUMU Npyu HOpPMalb-
HOM, OTPHUIATE]bHOM MMOTEHIIMATE MEMOPaHbI GYIET MOCTYIIEHUE B KIETKY U3-
Jmika kaTuoHoB (Na* moctynaer 6osblie, ueM K* BBIXOAUT), KOTOpBIit BeJeT
K GbICTPOIT U cuibHOI Aenonapusauuu. [Tostomy AMIIK-penentopst B ITHC
ONOCPeAYIOT BO3GYXAAOIYI0 CHHANTUYECKYIO TIepeJayy aHaIOTMYHO HUKOTU-
HOBBIM pELIENITOPaM, KOTOpbIE ONOCPEAYIOT BO36YXK/JAIOUIYI0 CHHAMTUYECKYIO
nepejavy B HepOMBINIEYHBIX CHHAMCAX.

Bo mHorux cunancax Mosra AMIIK-penenTopsl cocymecTByIOT napauleIbHO
¢ HMJIA-penenTopamu, nosToMy 60JIbUIIMHCTBO MOCTCUHANITUYECKUX BO30Y K /a-
IOLIMX IOTEHLUAIOB, BbI3bIBAEMBIX [JyTaMATOM, MMEIOT KOMIIOHEHTBI OT OGOMX
Tunos peuentopos (puc. 6.20). HMJIA-3aBucuMble KaHaIbl TAKX€E MPUBOAAT K
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BO30YXAEHUIO KIETKHU, BIyckass B Hee uanuuek Na‘, Ho ot AMIIK-penenTopos
oHM uMmeloT ABa omnuust: (1) HMJIA-3aBucuMble kaHabl mpoHULaemb! 1st Ca?* u
(2) npoxoxaeHne HOHHOrO 3apsaa ckBo3b HM/IA-3aBHCHMbIE KaHAIbI ABJISETCS
NOTeHINAI-3aBUCUMbIM. Mbl paCCMOTPUM KaXJ0€ U3 3TUX CBOMCTB 4y Th [TO3XKE.

I/IMﬂynch\’
o

AKCOH
TepmuHanb akcoHa

[ocTcuHanTUYeckuii
neHapuT

Monekyna
rnyTamara 3amues V,,

BMcCn

HMIA- AMIIK- 0 2 4 6 8
peuenTop peLenTop Bpems OT NpecUHanTH4YeCcKoro
(6 (8) noTeHuvana aeincTems (Mc)

Puc. 6.20. CocywectsoBaHne HM1A- u AMMK-peuenTopoB Ha NOCTCMHANTU4ECKOMN
membpaHe cuHanca LIHC. (a) MoTeHunan pevcTBus AOCTUraeT NpecuHanTU4ecKon Tep-
MWHanu, BbI3biBasA BbICBOOOXAEHWe rnyTamara. (6) MnytamaTt cBA3biBAE€TCA C KaHanamu
AMNK-peuentopos n HMOA-peuenTopoB NOCTCUHANTUYECKOM MeMb6paHbl. (B) Mpoxoxae-
Hve Na* yepe3 AMIMK-kaHanb! u Na* ¢ Ca? yepea HMOA-kaHanb! Bbi3bisaeT BMCHM

CJ10)HO NepeoleHUTh 3HaYeHHe BHYTpUKIeTo9Horo Ca?" puis Hauiexaien
paGoThl KIETKU. MBI yXe 3HaeM, 4TO KaIbLMH COCOGEH MHUIMHUPOBATh Ipe-
CHUHANTUYECKOE BBICBOOOXeHHE HeiipomeauaTopa. B mocTcunanTuueckoit
wieTke Ca?* Takxke crocoGeH aKTUBUPOBATh MHOTHE (DEPMEHTBI, PETYJIMPOBATD
OTKPBITHE Pa3HbIX KAHAJIOB U BJIUATb Ha SKCIIPECCUIO T€HOB; IIPU BHICOKOI KOH-
neHTpauuu noHsl Ca? faxe CrIOCOGHBI BbI3bIBATH I'UGEJIb KIETKH (Bpe3ka 6.4).
IMoaTomy akTuBanus HM/IA-3aBUCHMBIX KaHaJOB CIIOCOGHA BbI3bIBATb PA3HO-
006pa3Hble U NPOAOJIKUTENbHbIE 3(PdEKTHI B IOCTCUHANTHYECKOI KIeTke. Ha-
npumep, npoxoxjenrne Ca?* yepes HMJIA-3aBicHUMbIe KaHAIbI MOXET BbI3bI-
BaTb U3MEHEHUS, BEAylIME K 0OPa30BaHUIO JOJTOBPEMEHHON MaMATH.
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3710 uHTEepecHo

HelpoHbI MNeKONUTaOLLMX HUKOTrAa He BOCCTaHaBNMBAIOTCA, MO3TOMY C KaXAbIM
MEepTBbIM HEMPOHOM HaM ANS MbILLNEHUA OCTAETCA HAa OAHY KNETKY MeHbLue. OgHUM 13
YAMBUTENBHENLWMNX CBOWCTB HEMPOHOB ABNAETCA TO, YTO rMyTamar, Camblil XXU3HEHHO
BaXKHbI HEMPOMEAMATOP MO3ra, TakXe ABNAETCA OQHWM U3 CaMblX PACNPOCTPAHEH-
HbIX YOUiL HEMPOHOB. bonbLuas aona CMHanNcoB MO3ra BbigenseT rnytamat, KOTopbIn
HakanmmeaeTcs B 6onblMX KonudecTsax. LIMTO30Mb paxke HernyTamaraprudeckmx
HENPOHOB MMEET O4eHb BbICOKOE COAep)KaHue rnytamara, Cebiwe 3 MMOfb. Y4eHbIX
HacTopOXun TOT PaKT, 4TO NPU BO3AENCTBUM TAKOW XEe KOHLUEHTpauun rnytamara
CHapPYXVW Ha M30NNPOBAHHbLIN HEMPOH NOCNEeAHW NOrnbaeT 3a CYUTAHHBLIE MUHYTLI.
Mait YacT oaHaxabl ckadana: “CnumukoM MHOMO XOpOLUEero — 3To npekpacHo!”, Ho,
CyAs No BCeMy, K rinyTaMaTy 3TO He OTHOCUTCS.

HeHacbITHbIn MeTabonmam Mo3ra TpebyeT NOCTOAHHOMO HEMPEepbIBHOrO CHabxe-
HVS TNIOKO30M 1 KMCNOPOAOM. Korfia KpoBOCHabXeHne Mo3ra NpepbiBaeTCs, Kak npu
OCTaHOBKE Cepaua, akTMBHOCTb HEMPOHOB NPEKPAaLLIAeTCs CNyCTA HECKONbKO CEKYHA,
a HeobpaTuMble NOBPEXAEHUA BO3HWMKAIOT Yepe3 HECKONbKO MWHYT. llatonornye-
CKWe COCTOSIHUSA, TakMe Kak OCTaHOBKa Cepaua, MHCYMbT, YepenHo-Mo3roBas Tpas-
Ma, Cydoopory v KMCNOpPOAHAA HEQOCTATOYHOCTb, 3amnyCKaltoT NOPOYHbIN KPYr Ypes-
MEPHOro BbICBOOOXAEHWA rnyTamaTa. Koraa HepoHbl HECNOCOOHbI CUHTE3NPOBaTb
[ocTaTo4HOo AT, 4TO6bI NOAAEPXKMBATL NOCTOAHHYIO PABOTY CBOUX MOHHBLIX HACOCOB,
MembpaHa genonsapuadyeTcs 1 B kKneTky npoHukaeT Ca?*. Moctynnenne Ca?* npweo-
OUT K BbICBOBOXAEHWIO B CMHANChI ryTamMaTta. [mytamar ewle 6onblLue genonspusyert
HEMPOHBI, 4TO eLle 60nbLUE NOBbILLAET YPOBEHb BHYTPUKNETo4YHOro Ca? n npusoanT
K BbICBOGOXAEHWIO eLLle BonbLUEro konuyecTea rnyTamaTta. Ha gaHHoM artane MoryT
NOAKNIOYATLCA €lle N 06PaTHbIE NEPEHOCHMKW rmyTamarta, KOTopble BegyT K elle
6onbLuUel noTepe rnytaMarta HelmpoHamu.

[Py AOCTWKEHUM BbICOKO KOHLEHTPAUWN rnyTamaTta OH yovBaeT HEeMPOHbI, nepe-
BO36Y>xaas ux. ITOT NPOLECC HA3bIBAETCA SKCAMTOTOKCUYHOCTbIO (BO36Y)KAAtOLLIEN
TOKCUMYHOCTBIO). [MyTamaT NnonpoCTy akTMBMPYET HECKONBKO TUMOB PELENTOPOB, KOTO-
pble NO3BONSAIOT NPOXOANTL CKBO3b MeMOpPaHy OrpoMHOMY konnyecTtay Na*, K+ n Ca?+.
HM[IA-noasva rnytamMaT-3aBUCMMbIX KaHanoB UrpaeT OCHOBHYIO POfb B 3KCAWTOTOK-
CW4HOCTW, MOTOMY YTO OH ABNAETCH OCHOBHLIM NyTem nocTynnenus Ca?+. MNMospexae-
HVWE N CMEePTb HEMPOHOB BO3HMKAIOT BCNEACTBME OTEKa W CTUMYNAUMK Kanbuvem
dhepmeHToB pacnaaa 6enkos, NMNMAOB N HYKNENHOBbIX KNCNOT. HelpoHb! 6ykBanbHO
TPaBAT camum ceos.

CyuTaeTcs, 4T0 3KCaANTOTOKCUYHOCTb UMEET MECTO NPW HECKONbKMX NPOrpeccu-
pytoLLMX HepoaereHepaTnBHbIX 3a60neBaHnsax NIOAEN, TakKnx Kak 6OKOBOV aMnoTpo-
puyeckuii ckiiepos (BAC, 6onesHb [y Mepwra), Npyu KOTOPOM MeaneHHO normbatoT
MOTOHEMPOHbI CAMHHOTO MO3ra, W 60/1e3Hb AfburesiMepa, npy KOTOPOW OTMMPAIOT
HENPOHbI MO3ra. BnuaHWA pasnuyHbiX OKPY>KaOLWMX TOKCMHOB MOryT KONWPOBaTb
nposBneHns aTnux 6oneaHen. Ynotpebnerne B nuLLy 60NbLLOrO KONUYecTsa onpeae-
NEHHOro BMAA Ye4eBuUbl MOXET BbI3blBaTb NaTMPU3M — 60NE3Hb, BbI3BAHHYIO Aere-
Hepauwuel aBurartenbHbIX HepoHoB. Bo60BLIE COAePXaT IKCANTOTOKCUH B-okcanmnia-
MUHOAanaHnH, CNoCOBHbI aKTUBMPOBATL MMyTamarHble peuenTopbl. TOKCUH JoMoesas
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KuC/10Ta, KOTOPbIN MHOTAA BCTPEYAETCA B MACE 3apaXKeHHbIX MONMIOCKOB, TakXe AB-
NAETCH arOHUCTOM rnyTamarHblX peuenTopos. YnoTpebneHne HebOoNbLWOoro Konuye-
CTBa LOMOEBOW KUCNOTbI BbI3bIBAET CYA0POrv 1 NnospexaeHns Moara. Ewle ogvH pac-
TUTENbHBIA TOKCWH, B-METU1aMnHOa1aHMH, CNOCOOEH BbI3bIBaTb YXXaCHOE COCTORHME,
obbeauHstowlee cumntombel BAC, 6one3nn Anbureiimepa u 60ne3Hu MapkuHCOHa;
3TOT Heayr HabnAancs y 0TAenbHbIX NAUMEHTOB C ocTposa [yam.

Mo Mepe TOro Kak y4eHble pacnyTbiBAOT CNOXHbIE B3aMMOLEMCTBUA IKCANTO-
TOKCMHOB, peuenTopos, )EPMEHTOB 1 HEBPONOrMYECKNX 3ab0oneBaHui, NOABNAIOTCA
cTpaterum neyenns. bonbluve Hagexabl Bpadv BO3naratoT Ha aHTarOHWCTOB rnyTa-
MaTHbIX PeuenTopoB, CNOCOBHbIX NPepPbIBaTb KacKadbl 3KCANTOTOKCUHYHOCTN 1 CaMOy-
ouiicTBa HeMPOHOB. JTloasaM C reHeTu4eckn o6yCcnoBNEHHOM NPEAPACNONOXEHHOCTLIO
K COOTBETCTBYIOLLMM HEMpPOAEreHepaTMBHbIM COCTOSHUAM MOXXHO NMOMOYb, NPOBEAS
onpefeneHHble reHeTUYeCKMe MaHUNynaumnm.

ITpu orkpbitun HM/IA-3aBucuMbIx kaHagoB Na® 1 Ca?* mocTynaior B KieT-
Ky (a K BBIXOAUT M3 Hee), HO CWIa TAaKOro BXOJSILIEro MOHHOTO 3apsja Io
HEU3BECTHBbIM NPUYMHAM 3aBUCUT OT MOTEHIMAJa MOCTCUMHANITUYECKOH MeM-
6panbl. Koraa riyramar cBsi3bIBaeTcs C
HM/IA-peuentopoM, Nopbl OTKPLIBAIOT-
Ca2+ cs1 06bIuYHBIM 06pa3oM. Ho npu HopMab-
HOM OTpHULATEIbHOM IOTEHIMA/E MOKOS
MeMOpaHbl KaHalIbl 3aKylOPUBAIOTCS
HOHAMHU Mgg’, Y 3Ta MarHueBasi Mpo6ka
HeE I103BOJIAET NPOXOJUThH Yepe3 KaHasbl
JpPYrUM HMOHaM. Mg2+ BBIXOJMUT U3 NOPBI,
TOJIbKO KOTJa IOCTCHHANTHYeCKas MeM-
6GpaHa JenojIsspU3yeTcsl, YTO OOBIYHO BO3-
HukaeT npu akTuBanuu AMIIK-kananos

V., =-65MB V,=-30MB

[nyramat

peLenTop y 3TOrO UJHU cocefiHero cuHamnca. [Toatomy

TOK MOHOB BHYTpb uepe3 HM/IA-3aBucu-

(a) nyramar (6) Tnyramatun Mbl€ KaHAJIbI SIBJISIETCS HE TOJIbKO MeJua-
[Lenonspusaums

TOP-3aBUCHUMbIM, HO €LIE U NOMEHUUAL-3A-
Puc. 6.21. NMpoxoxaeHne NOHHOrO 3a-  BUCUMDIM. FnyTamaT U JEnOoJIApU3anus

psaa BHYTPb No HM[A-3aBUCUMOMY ;0 15kHBI  [TOAEHCTBOBATH OJXHOBpEMEH-
kaHany. (a) Cam no ceGe rnytamat Bbl- . 0, TIpEXJE UeM KaHal NPONYCTHT de-
3bIBAET OTKPbLITME NOPbI KaHana, Ho oHa

3a6/10KMPOBaHA MOHOM Markus. (6) fe- P€3 ce6s MOHHBII 3apsax (puc. 6.21). Ito
nonspusaums MeM6paHbI yaanseT mMarHun- CBOICTBO UMeeT CyIECTBEHHOE BJIHMSHUE
eByto NpoBKy 1 NO3BOMSET NPOHUKATL B HA CMHANTHYECKYIO MHTETPAIMIO BO MHO-
knetky Na* n Ca? rux 3oHax [THC.
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FTAMK-3aBucHMbIe ¥ rNULUH-33aBUCUMbIE KaHanbl

TFAMK onocpeayeT oCHOBHyIO 4acTb TOPMO3HbIX cuHancos ITHC, a muue
onocpejyeT CHHAITHYECKYIO Nepeiady B 60JIbleil YaCTH OCTaBIIMXCS TOPMO3-
HbIX cuHancos. TAMK ,-penientop U MIMIMHOBBIN PELENTOP ABJIAIOTCA XJI0OPHA-
HbIMU KaHa1amu. Ha yausienue, ctpyktypa Topmo3ubix TAMK, ¥ miMuuHOBBIX
PeLenTOpoOB OY€Hb HATIOMMHAET CTPOEHHE BO3GYXJAAIOIET0O HUKOTHHOBOTO
AX-penenTopa, HeCMOTPS Ha TO, YTO NepBbie U3GHPATEIbHO IPOHUIIAEMBI JJIsI
aHHOHOB, a NMOCJEAHUN — JUI1 KATHOHOB. KakpIil M3 3THX pelnenTopos UMeeT
a-Cy6'beJUHUIIbI, KOTOpbIE CBA3BIBAIOTCA C HEHfpOMEAUAaTOPOM, U B-cy6be UHU-
11bl, KOTOPbIE C HUM HE CBA3bIBAIOTCS.

CuHanTH4eCcKoe TOPMOXXKEHUE B MO3Te JOKHO OYEHb YETKO PETYIMPOBaTh-
cs. Ero us6nITOK NpUBEAET K NMOTEPE CO3HAHUA U KOME, a HEJOCTATOK — K Cy-
noporaM. Heo6X0AMMOCTb KOHTPOJIUPOBATh TOPMOXKEHHE OOBACHAET, IOYEMY
y TAMK,-penientopa, MOMUMO MECT CBA3bIBAHUS MEAMATOPA, MPUCYTCTBYET
HECKOJIbKO JPYTHUX MECT, B KOTOPbIX XMMHUYECKHE BELIECTBA MOTYT MOAYJIUPO-
BaTh ero ¢yHkuuo. Hampumep, ABa Kiacca npenapaToB, GeH30Qua3eMHHBI
(Takue Kak TPaHKBUJIM3ATOpP AMa3enaM C TOProBbIM HasBaHUeM “Baruym”) n
GapGuTypaTh! (BIUIIOYas peHOGAPOUTAI U IIPOYME YCIIOKOUTENbHbIE U IPOTH-
BOCYAOPOXHbIE MPENnapaThl), UMEIOT CBOU COOCTBEHHbIE MECTA NPUKPEIIEHUS
Ha BHemHeil nosepxHocT IAMK,-kanana (puc. 6.22). Camu no ce6e 3T Be-
I[ECTBA OYEHD €260 BIMAIOT Ha (yHKUMIO KaHana. Ho B npucyrctsun TAMK
6€eH30/IMa3e1Hbl TIOBBINIAOT YaCTOTY
OTKPBITUS KaHaIa, a 6ap6UTypaThl POJ: FAMK
JIEBAIOT NMPOAOLKUTEIBHOCTh UX HAXO0X- BeHsopvaseni |
J€HNs B OTKPBITOM COCTOSIHUH. B mo6om
CJy4yae pe3yJbTaTOM TaKUX BO3AEHCTBUM
6yJeT ycuieHrue MHIMOUPYIOIEro 3apsaaa
Cl', 6osee cuibHBIE TOPMO3HbIE IIOCTCHU-
Hantuyeckue mnoreHumansl (TTICII) u
NOBE/JICHYECKUE TOCAEJCTBUSA YCUTEHHO-
ro TopmoxeHus. Jp¢eKTol 6eH30A1a3e-
NUHOB U 6apOUTypaTOB M3GHpPAaTENIbHbI
ansa TAMK,-penentopos, OHU HE BIUAIOT

Bbapbutypar
v

' AMK-3aBUCUMBI XNOPUAHBIV KaHan
Ha (YHKIMIO IIMIMHOBBIX PELIENTOPOB. (TAMK,-pevienTop)

OTyacTH 3Ty U36GMpPaATEIbHOCTb MOXHO
OGBACHUTL HAa MOJIEKYJASPHOM YPOBHE; Pyc. 6.22. CBasbiBaHMe npenapartos C
Ha GeHsopuasenuHbl pearupyior juub AMK, -peuentopom. Camu no ceGe atn
TAMK, penentopsl, B KOTOPbIX, IOMHMO BELLECTBA HE OTKPLIBAIOT KaHan, HO OHM

MeHsIoT acbcpexThl, BbidbiBaeMble FTAMK
Nnpu CBA3bIBaHWM C KaHaNoM OAHOBpe-
MEHHO C npenapaToMm

a- U f-cyObeJUHULL, IPUCYTCTBYET CyOBE-
JAVHUIIA Y-TUIA.
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Eme oaun nonynapHblii HAPKOTHK, Bausiomuii Ha gyukimio FTAMK,-penen-
TOPOB, — 3TAHOJI, BUJ CIIMPTA, UCIOJIb3YEMbIil B AIKOTOJIbHBIX HAMUTKAX. TaHOJ
OKa3bIBaeT KOMILIEKCHOe JeiicTBue Ha HM/IA-, mMIMHOBBbIE, HUKOTHHOBBIE AX
¥ CEpOTOHMHOBbIE penenTopbl. Ero Bosaeiicteue Ha TAMK,-kaHasib! 3aBUCHT OT
ux crienuguueckoi CTpykTypbl. CyllecTBYIOT JOKa3aTeNbCTBa, YTO A1 06pa3o-
BaHUs 3TaHOJ-4yBCTBUTEIbHOTO IAMK, -kaHana TpeGyloTcsl onpe/iesieHHbIE O,
B- 1 y-cy6be AMHULIBI, HAIOMUHAIOIME CTPYKTYPY PELIeNTOpa, YyBCTBUTEILHOTO K
6eH30Ma3eNuHy. ITO OGBACHSAET, IOYEMY B OJHUX 30HaX MO3ra 3TaHOJ yCUJIMBa-
€T TOPMOXXEHUE, 2 BAPYTUX HeT. [IOHSB MOJIEKYISPHYIO M aHATOMUYECKYIO CIIEIH-
¢puKy 3THX 3¢pheKTOB, MbI MOXKEM OLIEHUTD, KAKUM K€ 06pa30oM HapKOTUKH BpO-
Jie 3TaHOJIa IPUBOAAT K TAKOi CHJIbHOI 3aBUCUMOCTH U BJIUSIOT Ha IIOBEICHUE.

Bce aTH npemapaThbl npeAcTaBAsIOT BeCbMa MHTEpeCHBII mapajgokc. Ecre-
CTBEHHO, MOAJIATOPHbIE MecTa cBA3biBaHUA TAMK,-penientopa 3BOJIIOLIMOHU-
POBaIH He )1 yIOGCTBA BO3AEHCTBUSA HAIIMX COBPEMEHHBIX IIPENapaToB. ITOT
IapafoKC BIOXHOBII yY€HbIX Ha MOMCK HJOT€HHBIX JIMTaHA, IPHUPOJHBIX XU-
MMUYECKUX BEIIECTB, CIIOCOOHBIX CBA3BIBATLCA CO CreNU(PUUECKUMU MECTaMU
BO3JefICTBUS GEH30ANA3EIIMHOB U 6apOUTYPATOB U CJIYXXUTb B Ka4eCcTBE pery-
JIATOPOB TOPMOX€EHHUA. YoeuTe/bHble JOKa3aTebCTBA YKa3bIBAIOT HA TO, YTO
CYIIECTBYIOT GE€H30J1a3eNUHONOAOGHbIE dHJOT€HHbIE JIMTAaHAbI, HO UX HAEH-
TUPUKAIUA ¥ TOHMMaHNE X (PyHKLMU I10Ka YTO CJI0XKHO JOKa3aTh. Eie ogHu
xopomue MoayaaTopsl TAMK, peenTopoB — 3TO NPEANONOKUTENBHO Hetlpo-
cmepoudsi, €CTECTBEHHbIE METAGOJIUTBI CTEPOUIHBIX TOPMOHOB, KOTOPbIE CHH-
TE3UPYIOTCS U3 XOJIECTEPUHA IIAaBHbIM O6Pa3oM B IIOJIOBBIX OpraHax M HaJmo-
YeYHHUKaX, a TAloKe B NIMAIbHBIX KIETKax Mo3ra. HekoTopble HeiipocTepou sl
YCHJIMBAIOT TOPMO3Hble (PYHKLIMH, JPYTHeE e YTHETAIOT UX, U, [TOX0Xe, YTO 062
3TH 3(peKTa BLI3BIBAIOTCS UX CBA3bIBAHUEM CO CrieUpUIECKMMU TOYKaMU Ha
FAMK,-penientope (puc. 6.22), koTopble OTIMYAIOTCA OT MECT CBA3bIBAHUSA C
paHee YIOMSHYTbIMH BelecTBaMU. PYyHKLIMM ecTeCTBEHHBIX HEepOCTEepONAOB
JIO CUX IIOP He SICHBI, HO OHU NPEJCTABJIAIOT CO60f HHCTPYMEHT, OCPEACTBOM
KOTOpOro ¢pu3noJornyeckue GyHKIMU MO3Ta U TeJia MOTyT PEryJIMpOoBaThCs Ma-
paLIesIbHO 10/ BO3/IEHICTBIEM OJJHUX U TEX )K€ BENIECTB.

PELUENTOPBLI N 3®PEKTOPbI, CONPAXXEHHbIE
C G-BEJIKAMU

Bo Bcex M3BeCTHBIX HEHIPOMEAMATOPHBIX CHCTEMAX CYLIECTBYET OTPOMHOE
KOJINYECTBO PELENTOPOB, CONPsKeHHbIX ¢ G-Gekamu. B miaBe 5 Mbl y3Hay,
YTO Nnepejaya B 3TUX PELIENTOPax MPOUCXOJAUT B TpHU 3Tamna: (1) o6beauHeHHe
MeJuaTopa C PeleNTOPHbIM 6eskoM, (2) akTuBauus G-6eyka U (3) akTHBaLus
acpekTopHbIX cucTeM. JlaBaiiTe pacCMOTPHM KaXKAbIil U3 3THUX IIAroB.
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Ba3oBas CTPyKTypa peLenTopoB, CONPSXXEHHbIX
c G-6enkamu

BoJbIIMHCTBO penenTopoB, CONPsSXEHHbIX ¢ G-6ejJKaMu, NMPEACTaBJISIOT
Co60ii MPOCThle BapUalMU OOIIEHl CXEMBbI, COCTOSAIIEH U3 OJHOrO MOJUIENTH-
Jla, KOTOPbIN CONEPXUT CeMb NMPOHU3BLIBAIOIUX MEMOpPaHy albda-criupaieii
(puc. 6.23). /Ise Hapy>xHble NETJIH 3TOrO MOJUIIENTHAA OOpPa3yloT MeCTa MpH-
coeflMHEHUs HeipoMeauaTopoB. CTPYKTypHbIE Da3jMyus Ha 3TOM Y4yacTKe
ONpEJEAIOT, CKOJbKO MOJIEKYJI HEpOMEAUATOPA, arOHMCTA UM aHTarOHUCTa
croco6eH cBA3aTh penenTtop. JBe BHyTPUKIETOYHbIE METIN NOJUIENTH/A CITO-
COGHBI CBA3BIBATLCA ¢ G-6€/IKaMU M aKTUBUPOBATh UX. CTPYKTYpHbIE Pa3lInyus
B 3TOi1 06J1aCTH ONPEREAIOT, CKOJIBKO G-6€/KOB U Kakue 3(peKTOPHbIE CUCTE-
Mbl aKTUBHMPYIOTCS B OTBET Ha IIPUCOE AMHEHHE HeifpoMeuaTopa.

Helipomeamnatop @ MecTo cBa3biBaHUs HelipoMeavaTopa
PevienTop, conpsaixerHbI
TpaHcMembpaHHas \ / CGu-6enK%M p
anbda-cnupanb / BHekneTtoyHas
NoBEPXHOCTb
jJI,4,§
f\‘ ﬁ&f =

BHyTpukneToyHas
NOBEPXHOCTb

G-6en0K

Puc. 6.23. ba3oBas CTPyKTypa peLentopa, COnpsiXXeHHOro ¢
G-6enKoM. BonbLIMHCTBO METAaBOTPOMNHLIX PELENTOPOB UMEIOT
CeMb TpaHCMeM6paHHbIX ansga-cnupanen, Mecta CBA3bIBaHUA
HepomMeamMaTopoB Ha BHELUHEW CTOpOHe MeM6paHbl U MecTa
cBA3bIBaHWA C G-6enKamm Ha BHYTPEHHEN CTOPOHe MemMbpaHb!

B Ta6s1. 6.2 npuBeseH o4eHb NPHUGIN3UTENbHBII CIIICOK PELENnTOpPOB, CO-
npskeHHbIX ¢ G-Genkamu. B reHoMme yejioBeka CyIIECTBYIOT Ie€Hbl, KOXUPYIO-
mue 6oJsiee 800 pa3jMYHBIX PELENTOPOB, coOnpskeHHbIX ¢ G-6ejKkaMU, KOTO-
pble cOGpaHbl B MATH OCHOBHBIX CEMEICTB C MOXOXUMHU CTPYKTypaMU MOJIEKYJL
BoJIbIIMHCTBO 3THUX PElENnTOPOB OCTABAINCh HEM3BECTHBIMU 10 U300peTEHUS
HOBBIX MOIIHBIX METOJIOB MOJIEKYJISPHOIi 61oJoruy. [TpUmoMHUTE TaKxKe, 4TO
pelienTopkl, conpsbkeHHble ¢ G-6eJIkaMU, UrpaloT BaXXHYIO POJib BO BCEX KJIET-
Kax TeJa.
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Ta6nuua 6.2. HekoTtopble HelipoMeanMaTopHble peLenTopsl,
conpsixeHHble ¢ G-6enkamu

Hevipomepuartop

PeuenTopbl

AueTtnnxonuH (AX)
MmyTtamar (Mny)
FAMK

CepoToHuH (5-I'T)
Lodamun (OA)
HopagpeHanut (HA)
Onnounael
KaHHabuHonap!
ATO

AneHo3nH

MyckapwuHosble peuentopsl (M1, M2, M3, M4, M5)
MeTtaboTponHble rnyTamaTHble peuentopsbl (MMMyP1-8)
FAMK;,, TAMK,,
5-IT,,, 6T, 5T
A1, 02, A3, A4, 15
al, a2, p1, B2, p3
4,9,
Kb1, Kb2
p2y,, P2Y
ALA,A

10 5'rT1E' 5'rT2A' 28’

5T, 51T, 51T,

P2T, P2U
A3

11

2A' © 2B’

Bespecywume G-6enku

G-6eJIKi — pacIpOCTPAHEHHBII 3/IEMEHT GOJILIIMHCTBA CUTHAIbHBIX MyTeH,
KOTOpble HAaYMHAIOTCSA C HEPOMEAHUATOPHOrO PELENTOpa M 3aKaHYMBAIOTCS
a¢ppexkTopHbIMU GekaMu. G-6eJ10K — 3TO COKpallleHHOE Ha3BaHUE OT I'YaHO3UH-
Tpudocart-ceasbiBaomuit (I'TP-cea3bIBatOmMil) 60K, KOTOPhII Ha CaMOM
JeJie IBJISIETCA CEMEICTBOM GEJIKOB, HACUUThIBAOMUM cBbllle 20 pa3jNyHBIX
BUJIOB. HelipoMeaMaTOpHBIX PEeLeNnTOPOB CYLIECTBYET ropas3jo OOJblle, YeM
G-6es1koB, M03TOMy HekoTopble G-6eJIKH MOT'YT aKTHBHPOBATbCSI HECKOJIbKUMU

peLenTopaMu.

BosbmuucTBO G-6€/KOB MMEIOT CXOXMi1 OCHOBHOU NMPUHIMII AEHCTBUS

(puc. 6.24).

1. Kaxaplit G-6eJI0k uMeeT TpU CyGbEeAMHUIIbI, Ha3BaHHbIE o, B 1 y. B cocTo-
STHUU NTOKOs MoJleKyJa ryaHosunaudocdara (I71P) ceasana c a-cyobeau-
HUIEHN, 2 BECh KOMILJIEKC CBOGOAHO IUIABAET O/ BHyTPEHHE! NOBEPXHO-
CTbIO IJIA3MaTUYECKOI MEMOPAHBI.

2. Ecim atoT G-6es10K, cBasanHblIil ¢ [/1®, kacaeTcs noaxojsIero penenTo-
Pa u €cJIM € 3TUM PELIENTOPOM CBsI3aHa MOJIEKYJIa HelipoMeauaTopa, G-Ge-
J0K oco6oxaaeT I'/IP, samenss ero ryanosaunrpudgocdarom (I'TP) us

LU TO30.J14.

3. AxtuBupoBaHHbIil G-6en0kK, cBs3aHHbI ¢ 'T®, pasgensercs Ha aBe ya-
ctu: a-cyopeaununa ¢ I'T® n xommiekc u3 B- u y-cyopeannun. O6a aTu
3JIEMEHTa 3aTeM MOTYT BJIMATDH Ha pa3jnyHble 3¢ GeKTOPHbIE GEIKU.
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SdbeKTopHbIi
6enok 2

e /
(a) -6enok

PeuenTop, CONpsXeHHbI
¢ G-6enkom

3¢¢EKTOprII7|
6enok 1

Heitpomeauarop ()

SbPEeKTOpHbIN
Genok 2

AKTUBMPOBAHHBIA KOMMEKC //{

(6) G-a cBasbiBaeT TP

o

By-G-CTUMYNMpOBaHHbI
3hdekTopHbI Benok

a-TTD-CTUMYNMPOBaHHbIN
3 dekTopHbIi 6enok

(r)

Puc. 6.24. ba3oBbiii npuHuun geicteua G-6enkos. (a) B HeakTuBHOM
COCTOsHUN a-Cy6beanHnua G-6enka csasaHa ¢ FOd. (6) Mpu aktuesauwm
peuenTopomMm, conpsxeHHbIM ¢ G-6enkom, FA® TpaHcdhopmupyeTcs B [TO.
(8) AkTvBMpOBaHHbIN G-6enok pasfensetca Ha ol TdO-Cy6beauHuuy 1
B-y-xomnnekc, n o6a 3T1 anemMeHTa CNOCO6HLI aKTUBUPOBATL IWPEKTOPHbLIE
6enku. (r) a-cybbeamHnLa NOCTENEHHO 0TCoeaMHAET hocdaTHbLIN OCTaTOK
ot 'TO, npespawyas ero 8 [AD 1 Tem cambiM 3aBepLUAA CBOIO aKTUBHOCTb

277
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4. Cama no ce6e o-CyobeAMHUIIA ABIAETCA (PEPMEHTOM, KOTOPbIH pa3pya-
et I'T® no I/1P. Takum 06pa3oM, aKTUBHOCTb 0-CYO'bE€ AMHUIbI 3aKaHYMBA-
eTcs TpaHcgopmanumeit ceszanHoro ¢ Heit ['TO B [71P.

5. a-cyOpeAMHUIA U B~y-KOMIUIEKC CHOBA OG'bEAMHSAIOTCS, 3aIyCcKas LMK 3a-
HOBO.

ITepsbie oTkpbiThie G-6€1KN 061anaM 3(PPHEKTOM CTUMYIMPOBaHUS 3(pdek-
TOPHBIX G€JIKOB. 3aTEM yY€HbIE ONPEETUIN, YTO Apyrue G-6elKu MOTYT yrHe-
TaTh 3T xe 3¢ Pekropsnl [ToaToMy npome Becero pasaenars G-6ejgku Ha CTUMY-
JIMpyIoNe, GC, Y MHTUOUTOpPHbLIE, G".

AdchekTOopHbIE CUCTEMDI, CONpPsXXeHHble ¢ G-6enkamu

B rmaBe 5 MblI y3HaIM, YTO aKTUBUPOBaHHbIE G-0€JIKM NPOU3BOJAT CBOU 3¢~
(exTsl, CBA3BIBAACH C OJJHUM U3 JBYX BUAOB 3¢ eKTOPHbIX GekoB: G-6eJ0K-3a-
BHCHUMbIMM HOHHBIMHU KaHalaMU U G-6€J0K-aKTUBUPOBAHHBIMU (pEPMEHTAMM.
H3-3a TOTO, UTO B IEPBOM CIyyae He 3aeHICTBOBaHbI JPYrUe XUMUYECKHE Belle-
CTBa, €0 YaCTO HA3bIBAIOT COKPAUEHHBLM NYMEM.

CoKpalLeHHbIN NyTb

MHorue HelipoMeAUaTOPbI UCIOJb3YIOT COKPAIIEHHBII IyTh OT peLenTopa
1o G-6eJika, a 3aTeM JO HOHHOTrO KaHala. XOpOUIMM IPUMEPOM CJYKaT MycCKa-
puHOBbIe penentopsl B cepaie. Itu AX-penenTtopsl nocpeacTsoM G-6e1KoB
COTIPSIKEHBI C ONPE/IEI€HHBIM TUIIOM KaJIMEBBIX KAHAIOB, YTO B IPUHIIUIIE 06D
scHseT, noyeMmy AX 3ameqiser cepaue6uenue (puc. 6.25). B ranHom ciyuae
B-y-cy6beAMHUIIbI MUTPUPYIOT BJOJIb MEMGPaHBI IO TeX MOP, MOKA HE CBSXYT-
Cs1 C HYXXHBIM THUIIOM KQJIMEBbIX KAHAIOB M HE BBI3OBYT €r0 OTKpbITHE. JIpyrum
npumepom ciayxaT TAMK,-penienTopbl HeifpOHOB, KOTOPbIE TaKXKe CONPSXKEHbI
KOPOTKHM ITyTEM C KAIMEBbIMU KaHaJIaMH.

CokpalieHHblii yTh ABISAETCA CAMOI GBICTPOII CPEU CUCTEM, CONPSAXKEH-
HbIX ¢ G-6eKOM, KOTOpas HauMHaeT pearuposaTh ciycTsa 30-100 mMc nocne
CBA3bIBAHUSA HelipoMeauaTopa. ITOT NMyTh XOTA U HE TaKOI ObICTPLIM, Kak Me-
JAMaTOP-3aBUCHMbIE MOHHBIE KAaHAIbI, KOTOPbIM He TPEGYIOTCHA MOCPEIHUKU
MeXJly PELENITOPOM U HOHHBIM KaHAJIOM, HO BCE XK€ ObICTpEeE, YEM KaCKaJbl
BTOPUYHBIX ITOCPEJIHUKOB, KOTOPbIE Mbl PacCMOTPUM Hinke. Takxe cokpa-
IIEHHBII NyTh JOCTATOYHO JIOKAIU30BAH IO CPAaBHEHMIO C JPYruMu 3¢ dex-
TOpHBIMU cucTeMaMu. Kak Tonbko G-6enok audyHaupyer B MeMOpany, ode-
BUJHO, YTO OH HE CMOXET NE€PEMEeCTUThCS AAIEKO, 0O3TOMY aKTUBUPYIOTCS
JUIb Gakaiimue kaHaibl. M3-3a TOro, 4To BCe AEMCTBUA COKPallEHHOTO
IyTH MPOUCXOAAT BHYTPU MEMOPaHbI, €TO MHOTAA HAa3bIBAIOT MymeM, 02paru-
UEHHBLM MEMOPAHOT.
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Kanuesbiii kanan Myckapuosbiii
(3aKpbITbIA) peuentop }{ AX

Kanvesblii kaHan
(OTKPbITHIN) AX

(6)

Puc. 6.25. CokpalueHHbid nyTb. (@) G-6enkv cepaeqHOM MbILLbI
aKTUBUPYIOTCA MpU CBA3bIBAHUM AX C MyCKapuHOBLIM PeuenTopoM.
(6) AkTBMpOBaHHan B-y-Cy6beaunHnua HENOCPEACTBEHHO NPUBOAUT K
OTKPbITUIO KJMEBbIX KaHanoB

Kackaabl BTOPH4HbIX NOCPEAHUKOB

G-6eJIKM TakXe MOTYT BBIIOJHATb CBOU 3¢ (PEKTHI IyTEM HEMOCPEJCTBEHHOM
aKTHBAIMU OIpeJe/eHHbIX (PepMEHTOB. AKTUBALUSA 3TUX (PEPMEHTOB CIIOCO6-
Ha 3amlyCKaTb CJOXHYIO depely GMOXMMHUYECKHMX PEaKIUii, KacKaj, KOTOpPbIii
3aYaCTyIO 3aKaHYMBAETCs aKTUBAlMell 0uepeaHOro epMeHTa, U3MEHSAIONIETO
¢pyHkuIo HeitpoHa. Mex/ly nepBbIM U NOCTIEJHUM (pepMeHTaMU 33/ieiiCTBOBA-
HbI HECKOJIBKO 8mopuunsix nocpednuxos. Becb mpouecc, B KOTOpoM HeiipoMeau-
aToOp Yepe3 MHOXECTBO 3TAIOB COEUHSAETCS C IMOCJIEAHUM B yepese ¢pepMeH-
TOM, Ha3bIBA€TCS KACKAJO0M BTOPHYIHBIX MOCPeAHUKOB (puc. 6.26).

B maBe 5 Mbl 03HAKOMMJIMCB C KaCKaJOM BTOPUYHOrO nocpegHuka nAM®,
KOTOpBIif HAUMHaeTcs akTuBanueii f-penentopa HA (puc. 6.27, a). Bce Haunna-
€TCA C TOTO, 4TO B-pEnenTop akTUBUPYET cTuMyaupyomuit G-6enok, G_, koto-
Phblif HAYMHAET CTUMYJIMPOBAaTh PEPMEHT, CBA3aHHbII C MEMOPAHOM, aJleHUIaT-
UKIa3y. AxeHmwaTiuKIasza npeoopasyer AT® B tAM®. Cieayromee 3a 3TuM
MOBbINIEHNE KOHLEHTpauuu NAM® B LUTO30J1€ aKTUBMPYET CrielMpUIECKUiT
¢epmenT nporennknnasy A (ITKA).
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Peuentop Henpomeguarop PepMeHT, CBA3aHHbII

¢ MemBpaHoit

Bropocte-
NEeHHbIe
XUMn4eckune
peakumu

AKTMBaLMS
CneayoLlero
B Yepene depmeHTa

Puc. 6.26. KOMNOHEHTbI Kackaaa BTOPUYHbIX NOCPEeAHNKOB

MHorue GHOXHMMHYECKHE IIPOLECCHl PEeryJupyloTcs OGpaTHO-MOCTYIa-
TEJbHBIM METOJIOM, OIHUM Ul CTUMYJSALMHU, APYTUM JUII MHTMGUPOBAHUS, U
npousBojcTBO HAM® He sBjseTca UCKIOYEHHEM. AKTHUBaLUs BTOPOTO BUJa
peuentopos HA, Ha3biBaeMOro 0.2-pelienTopoM, NPUBOAMT K akTuBanuu G,
(uaru6nTopHOro G-6€sKa). G, yrHETA€ET aKTUBHOCTD 2 IECHUIATIIMKIIA3bI, U 3TOT

3(ppeKT MOXKET NPEBOCXOAUTD [0 BKHOCTH BIMSHUE CTUMYJIHMPYIOIIEH CHCTe-
Mbl (puc. 6.27, 6).

CTumynmpyioLmin
B-peuientop

MHrnbuTopHbIi @/HA
u,-petentop

AneHunaruumknasa

Crumynu- ‘
pyioLwmn
G-6enok

TOPHbIN

G-6enok
(a) ﬂpOkTekMHKMHaaa A (6)

Puc. 6.27. Ctumynauma M yrHeteHue afeHMNaTuMKNasbl pas3nuyHbiMn G-6enkamm.
(a) CsizbiBaHne HA ¢ B-peuentopom akTueupyeT G, KOTOPLI B CBOIKO O4epefib akTUBMpyeT
ageHvnaTuMknasy. AgeHmnaruvknasa o6pasyet UAM®, KOTOPbIV aKTUBMPYET CrieAyoLmin
B kKackafe depMeHT npoTenHknHagdy A. (6) CeasbiBaHne HA ¢ 02-peLienTopom akTMBMpyeT
G,, KOTOPbIV MHrMGWPYET afeHnnaTumknasy
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HexoTopble KackaJpl INOCPEJHUKOB MOTYT pasBeTBiATbCA. Ha puc. 6.28
NIOKA3aHO, KaK aKTUBAIUsA pa3JNyHbIX G-GeJIKOB MOXET CTUMYJIMPOBaTh ¢oc-
¢omunazy C (PJIC), pepMeHT, KOTOpPHIi1 IIaBaeT B MeMOpaHe MOAOGHO aje-
Hwiatuuriase. ®JIC BosaeiicTByeT Ha MeMGpaHHbIN oconunuz (¢ocda-
TUAUINHO3UTON-4,5-1udocdat, nm <I>I/I<I)2), pasziesias €ro Ha JIBE MOJIEKYJIbI
BTOPUYHBIX MOCPEAHUKOB: Auammwirauneponx (JAI) u muaosmron-1,4,5-Tpu-
$ocdar (UP,). XKupopactsopumblii JIAI' ocTaeTcs B INIOCKOCTH MEMGPAHBI,
rie OH aKTUBHpYeT cieayiomuii ¢pepmeHT — nporennkunasy C (ITKC). B ato
Xe BpeMs BoxopacTBOpuMblit U®, nuddyHaupyeT no uMTO3010 U CBA3bIBAET-
€Al C pelenTopaMu MeMO6paHbl MaKoro P U NpoYnux MEMOPAaHHBIX OPraHesLI
HelpoHa. ITH pelenTopsl ABAAOTCA VP -3aBNCHMBIMH KQIbIIMEBBIMU KaHATIA-
mu. Taxum o6pasom, P, 3acTasiseT opraHesibl BLICBOGOXKIATh CBOM 3aMachl
Ca?. Kak Mbl yxe FOBOPUJIH, HOBBIIIEHNE KOHLEHTPALH BHYTPUKJIETOYHOTO
Ca? cnocoGHO BbI3BIBATh PAa3HOOGPA3Hble M MPOJOJIKUTENbHbIE 3(D(EKTh B
wietke. OfHUM U3 TakuX 3(EKTOB ABIAETCA aKTUBALUA (PEPMEHTA Kalb-
IMii-KaTbMOIy/INH-3aBUCUMOi mporenHkuHa3bl, i CaMK. CaMK — sto
¢epMeHT, KOTOpBIi1 CpeAr MPOYEro NPUHUMAET yYacTHE B MOJIEKYJISPHBIX Me-
XaHM3MaxX MaMsATH.

Helipomenuatop  PeuenTtop, CONpsiXeHHbIN
¢ G-6enkom

Mem6para

{: TQ}‘&
a0

AKTUBMPOBAHHBI

G-6enok
Tnapkuii P __

Puc. 6.28. BropnyHble nocpegHUKK, 06pa3yemble BCneAcTBue pacnaga memopaHHoro
chocchonunupaa ®UD2. (1) AkTBUpOBaHHbIE G-6€NKN CTUMYIMPYIOT hepMeHT docconu-
nagy C (®J1C). (2) ®NC pacwennser GUD, Ha AT n UD,. (3) A cTumynmpyeT cnegyto-
i B Yepefie chepmeHT — npoTemntkunHasy C (MKC). (4) U®, cTumy mpyeT BbiICBOGOX AeHWe
Ca?* u3 BHYTPUKNETOYHbIX XpaHunuw,. B panbHenwem Ca?* cnocobeH akTMBMpOBaTh pas-
NnyHblE Nocneayowmne hepmMeHTbI

®occhopunuposanue u gethoctopunupoBanue

IMpenpiaynme npuMepsl MOKA3bIBAIOT, YTO KIIOYEBBIMA (hePMEHTAMH B MHO-
T'MX KacKaJaX BTOPUYHBIX TOCPEAHUKOB ABJIsIOTCs npomeunkunass (ITKA, TIKC,
CaMK). B raBe 5 MbI pacckasblBaii, 4TO IPOTEMHKUHA3bI IEPEHOCAT pocdat-
Hble rpymnnbl oT AT®, nuiaBalomeii B IUTO301€, K GEJIKaM B XOZIe PEaKIUH, Ha3blBa-
emoit gocpopuruposaruem. IlpucoesuHenne k 6ejky ¢ocaTHOM IPYNIIbI CJIErka
H3MEHSET €ro TPeXMEPHYIO CTPYKTYpPY, TEM CaMbIM MEHSS M €rO GHOJIOTHYECKYIO
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akTHBHOCTb. Hampumep, ¢ochopuinpoBaHue HOHHBIX KaHAIOB MOXET CyIIe-
CTBEHHO BJIUATb HA UX CMIOCOGHOCTb OTKPbIBATHCS UJIM 3aKPbIBAThCS.

JlaBaiiTe pacCMOTPUM NOCJIEACTBUSA aKTUBaluK B-penienToposB HA B x1eTkax
cepaeyHoii Mblnbl. [Tosbimenue yposHsa ntAM® aktusupyer ITKA, xoTopas
¢pocopunupyeT noTeHUaN-3aBUCUMbIE KalblIMEBbIE KaHAJbl KJIETKH, TEM Ca-
MBIM yCUAUEAA UX AKTUBHOCTb. Boiaensiercs 6obue Ca?* u cepaue 6beTcst CHlb-
Hee. B NpOTHBOIONOXHOCTD UM CTUMYIALMSA B-aJpeHOpPElenTOPOB MHOTHX
HEHPOHOB HE OKA3bIBAET BIMAHMSA HA KalbllM€Bbl€ KAHAIbI, 3aTO BbI3bIBAET yI-
HETEHNE ONpe/ieJI€EHHBIX KaueBbIX KaHal10B. CHUXeHue npoBogumocTu K BbI-
3bIBA€T HEGOJIBIIYIO JETOJ A PU3AIUIO, NOBbIIAET NOCTOSHHYIO JJIMHbBI U leJ1aeT
HelpoH 60Jiee BO3GYAUMDIM (CM. I1aBy 5).

Ecan 661 Bce KMHa3bl, CTUMYJIMpyeMble HeifpoMeauaTopaMy, He UMeIU Me-
XaHM3Ma, O6palalouIero BCATh npolecc ¢pocopuInpoBaHus, TO Bce 6EIKU
KJIETKHU ObICTPO CTaIM Obl HACKIIEHHBIMH (ocdaTaMu, a JalbHeias peryJs-
1M cTata 6bl HEBO3MOXXHOM. BbIpyJaloT B 3TOif cuTyaluu (pepMeHThI mMpoTe-

uHocdaTa3bl, KOTOPblE ONEPATUBHO YyJa-

MpoTenHkmHasa Js10T pocdaTHbIE rPpynnbl U3 6enkoB. Takum

e e 06pa3oM, CTeNeHb ¢?c¢)opunup03aﬂna

MpoTenHdpocdarasa KaHajla B ONpeJe/eHHbII MOMEHT BpPEMEHU

3aBHCUT OT JUHaMU4ecKoro 6araHca ¢pocgo-

Puc. 6.29. rocpopym“poaapme n PHINPOBAHHNA KHHAa3aMHN H Llecl)OCCl)Opl/lJIPl-
Aecocchopunuposanmue 6eKoB posanusa ¢ocdaTtasamu (puc. 6.29).

®YHKUUH CUrHANbHbIX KAaCKaA0B

CuHanTH4Yeckas nepejaya IO MeJUATOP-3aBUCHMBIM KaHajlaM IpPOCTa U
6bicTpa. [lepesavya no penenTopaM, CONpsKeHHbIM ¢ G-GeskaMu, CJIOXKHA U
MeJUleHHa. B ueM ke mpeuMyIecTBoO Takoi JUIMHHOI nenyu KoMaHa? OQHUM U3
BaXXHEHIINX MPEUMYILECTB SBJIAETCS YCUleHUe CUZHAAA: AKTUBALUS OZHOTO pe-
LIENTOPa, CONPsIXXEHHOTO ¢ G-6e/IKaMH, MOKeT MPUBECTH K aKTUBAIlUU HE OJJHO-
TO, a HECKOJIbKMX MOHHBbIX KaHaloB (puc. 6.30).

YcueHue cMrHajla MOXKeT BO3HHUKATh Ha HECKOJIbKMX 3Tanax kackaja. Cur-
HaJIbHAsE MOJIEKYJA HeHpOMeJUaTopa, CBSI3aHHAs C PELEeNTOPOM, CIIOCOGHA
akTUBUPOBaTh 0K0JI0O 10-20 G-6enkoB; kaxablit G-6€J0K CrIOCOGEH aKTUBUPO-
BaTh aJ€HIIATLHIUIA3Y, CAHTE3UPYIOLIYIO HECKOJIBbKO Mosiekyl1 HAM®, koTopble
PACTBOPAIOTCS U aKTHUBHUPYIOT MHOXXECTBO kMHa3. Kaxjas kmHasa 3aTeM Mo-
xeT ¢ocOopHINPOBATh HECKOJIBKO KaHaIOB. EC/IM BCce KOMIIOHEHTBI KacKaja
CBA3aTh BOEJAMHO, CUTHAIM3ALUS OblIa Obl BeCbMa orpaHuuYeHHoi. Mcnoub3so-
BaHUE MEJKHUX MOJIEKY], KOTOpble jlerko Aud@yHaupyIoT (Takux kak nAM®)
TaKXXe I03BOJIET NepeJaBaTh CUTHAIbI Ha GOJIbIINE PAaCCTOSIHUA KJIETOYHOI
MeMGpaHbl. CUTHAIbHBIE KAaCKaJbl TaKXKe NPEJOCTABJISIOT MHOXECTBO TOYEK
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AJIS. IPULIEIbHON PETyJIAIUM ¥ B3aMMOJEHCTBUA C JPYrMMHU Kackagamu. B ko-
HEYHOM HTOT€ CUTHAIbHbIE KaCKaJbl CIOCOGHBI F€HEPHUPOBATh OYEHb IIPOJOJI-
XUTEJIbHbIE XUMUYECKHE U3MEHEHHUs B IUIETKE, KOTOpbIe, IOMUMO MPOYEro,
(OpPMHpPYIOT OCHOBaHME IJIf IOXU3HEHHON MAMSTH.

Helpomeauatop

Heipomeamatop
aKTuBMpyet
peuentop

PeuenTtop aktnsupyet
G-6enok

G-6enok 3actasnger
afeHnnaTumknasy
npeobpa3oeaTb
AT® Ha UAMD

UAM® akTusmpyet
NPOTENHKNHA3Y |

[poTtenHkuHasa A
dochopunmpyet
Kanuesble kaHabl

Puc. 6.30. YcuneHne curHana B Kackafie BTOPUYHbIX NOCPEAHNUKOB, CONPSKEHHbIX
¢ G-6enkom. Korga HelipomeauaTop akTMBMpYeT peuenTop, ConpskeHHbih ¢ G-6en-
KOM, Ha HECKObKO CTaaWi Kackaja NnoCpeaHUKoB MOryT BO3AENCTBOBATL YCUNUTENN,
Takvm 06pa3oM, B KOHEHHOM UTOre Nopa)aeTCs HECKOMbKO MOHHbLIX KaHanoB
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AVMBEPIEHUNA N KOHBEPIEHLUNA
HEWPOMEONATOPHbBIX CUCTEM

IIryTamMaT ABJIS€TCSA CaMbIM PaCIPOCTPAHEHHBIM HEPOMeINaTOPOM B MO3re,
B TO BpeMs Kak TAMK sBisfeTcss MoBCEMECTHBIM TOPMO3HbIM HEHPOMEAUATO-
pom. Ho aTo smib Bepxyuika aiic6epra, IOTOMYy YTO KaXXJblil HelipoMeanaTop
MOXET UMETb pa3uuHble 3¢p¢eKThl. MoJIeKya rlyTaMaTa MOXET CBA3bIBATbCA
C MOGBIM U3 HECKOJIbKUX BHAOB IIyTaMaTHBIX PELIENTOPOB, U KWKJABINA U3 HUX
MOXET OINOCpeN0oBaTh pa3jnyHble peakuuu. CrnocoGHOCTh HeifpoMmeauaTopa
aKTHBMPOBATb 60JIEE OJHOTO MOJBUJA PELIENITOPOB U BbI3bIBATH 60JIEE OJJHOTO
BUIa MOCTCUHANITUYECKUX PEAKINiT Ha3bIBAETCA Juse peenyuei.

JluBepreHius CBOMCTBEHHA BCEM HeHpOMEIMATOPHBIM cucTeMaM. Bce us-
BECTHbIE HEHpOMEAMAaTOPhbl CIIOCOGHBI aKTUBUPOBATh pa3Hble NMOJABUAbI pe-
nenTopos (Ta6a. 6.2), ¥ CymecTBYIOT CBUAETENLCTBA TOTO, YTO IO Mepe Npu-
MEHEHM sl HOBBIX MOIHBIX METOLOB MOJIEKYISIPHOM HEIIPOOHONIOrUHU K KaXKJOH
cucTeMe MHOTHE€ HeilpoMeJuaTOpHble CHUCTEMbl BCE CHJIbHEE pa3pacTaloTCH.
JluBepreHIus Taioke BO3HMKAET BHE PEIENTOPHOTO YPOBHS B 3aBUCHUMOCTHU
OT TOro, Kakoil G-6eJIok U Kakas 3¢ deKkTopHas cucTeMa ObLIM aKTUBUPOBAHBI.
JluBepreHIus MoXeT BO3HMKATh Ha JIIOGOM dTane Kacka/Jia HeiipoMeIMaTOPHbIX
a¢dekTos (puc. 6.31, a).

HeitpoMeanaTophl Takxe MOTYT NPOSABIATb Koneepeeryuto 3¢pdexros. He-
CKOJIbKO Pa3jJIMYHBIX HEHpOMEeJUaTOPOB, aKTUBUPYSA CBOM COOGCTBEHHBIE pe-
LIENTOPbI, CIIOCOGHBI OJAMHAKOBO BJHUATb Ha OJHY 3(¢EKTOPHYIO CUCTEMY
(puc. 6.31, 6). KouBeprenuus B M30JMPOBAHHON KJIETKE CIIOCOGHA BO3HU-
KaTb Ha ypoBHe G-6eJika, KackaZia BTOPUYHBIX NOCPEJHUKOB U THIA HOHHBIX
KaHanoB. HelfpOHbI MHTETPUPYIOT AUBEPreHTHbIE U KOHBEPTreHTHbIE 3(Ppdek-
Thl CUTHAJbHBIX CUCTEM, TEM CaMbIM OOpa3ys CJIOXHYIO KapTy XMMMYECKHX
a¢ppexros (puc. 6.31, 6). YAMBUTENBHO, YTO 3TO BCETAa paGOTAET; OCTAETCS
JIMIIb IIOHATD KaK.



FnaBa 6 HeiipomeauaTopHble cuctemsl 285

MNopgua peuenTopa 1 SddekTopHas
/ cuctema X

Heitpomeavatop |[— Moasua peuentopa 2 —— IddekTopHan
cuctema Y

AddektopHas
. Moaswa peuentopa 3 cvcTema Z

Heipomegnatop A —— Peuentop A

Heitpomenvatop 5 —— Peuentop b —= | IddekTopHas cuctema

Heiipomepnatop B — Peuentop B

(6)

Helipomeamatop A —— A, peuentop — 3dddexTop 1

X SbdbexTop 2
A, peuenTtop “ AddekTop 3

_» Oddextop 4
Heiipomeavnatop b —— Peuentop b = SddekTop 5

(8)

Puc. 6.31. isepreHunMa U KOHBEPreHuMsa HelpomMeauaTopHbIX CUr-
HanbHbIX cucTem. (a) AvsepreHums. (6) KonsepreHuus. (B) AvsepreHuus
BMECTE C KOHBEepreHuuen
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PE3IOME

HeiipoMeauaTopb! — )KM3HEHHO Ba)KHbI€ CBA3YIOLIME 3BEHbS MEX/y HEIpOHa-
MH, a TaKoKe MEeXAY HePOHaMM U JApyruMU 3(p¢eKTOPHBIMU KIETKAMU, TAKUMU
Kak MblllIeYHbIE U JKeJie3ucThle KI1eTkH. Ho BaXxHO paccmaTpuBaTh Heifpomeaua-
TOPbI KaK JIMIIb OAHO 3B€HO B LIEMH COOBITUI1, MOPa3UTEbHBIX XUMHUYECKUX U3-
MEHEHUI, GbICTPBIX U MEJIEHHBIX, KOHBEPreHTHbBIX U JUBEPreHTHbIX. Bpl Moxe-
T€ MpeJICTaBUTh MHOXXECTBO CUTHAJIbHBIX Iy TEli B HEHPOHE U MEX Y HeifipoHaMuU
B BUJie MH(OPMAIIMOHHOMN CETH. TA CETh NPEGHIBAET B HEYCTOMYMBOM paBHOBE-
CUH, IMHAMHYECKH U3MeHss CBOU 3¢ EKThI B 3aBUCUMOCTH OT TOTO, KaK U3MEHS-
IOTCS MIOTPEGHOCTH HEMPOHOB NPU Pa3JTNYHbIX U3BMEHEHUAX IOBEJEHU.

CurHaspHas ceTh U30JIMPOBAaHHOTO HEHPOHA YEM-TO HAaIlOMMHAET HeilpoH-
Hble ceTh Mo3ra. OH MoJIyyaeT MHOXECTBO BXOAHBIX CUTHAIOB B BUJiEe HelfpoMe-
JAMAaTOPOB, OOPYLIAIONIMXCS HA €T0 MEMOPAaHy B Pa3HOE BPEMS B Pa3HbIX MECTaX.
ITH CUTHAIBI YCKOPSIOT NMPOXOXAEHHE MO OJHUM CUTHAIbHBIM IYTAM U 3aMe/-
JIFIOT 1O APYTUM, a MH(OPMalMs epepabaThIBA€TCH, AaBas B UTOTE€ UCXOAANIMIMA
UMIIYJIbC, KOTOPBIii SIBJISETCA YeM-TO GONbIINM, YeM NpPOCTas CyMMa BXOJHBIX
curHanoB. CHUTHaJIbI PEryJMpYyIOT CUTHATIBI, XMMHYECKHE BEIECTBA CIIOCOGHDBI
OCTaBJIATb IPOAOKUTEbHBIE CJIEIbl CBOEI HCTOPUH, IPENapaThl CIOCOGHBI Ha-
PylWlaTh 6aTaHC CUTHAJIbLHOM CHJIbI, IO3TOMY MO3I M €70 XUMMYECKHE BENIECTBA B
6yKBaJIbHOM CMBbICJIE ABJIAIOTCS €JUHBIM L€JIbIM.

KnrouyeBblie TEpMUHDbI

Bcrymienne MycKapHHOBBII1 AX-penienTop
TFAMK-3pruyeckmii HUKOTHHOBbII AX-penenTop
TJlyTaMaT3Pru4ecKuil HM/JIA-peuenTtopsl
HOPaJPEHIPrUYeCcKUit MOJABHJ peLenTopa
NEeNTUA3IPTrUYECKUi Xumus HeiipoMeAUaTOpPOB
XOJIMH3PTU4ECKUil ageHo3uHTpUpOCcdar (ATP)
H3yueHue HeHPOMeTHATOPHBIX  aJpeHa/IUH (3NUHe(PUH)
cucTeM ALETHUIXOJIUH
aBTOpazuorpagus raMMa-aMHMHOMACJIsIHasl KUCJIOTa
AMIIK-penenTtopsl (TAMK)
rUOpUANU3ALINS in Situ iyl (Dnn)
MMMYHOIUTOXUMUS mrytamart (Ilny)
KalHaTHbIE PELENTOPbI Joga
METO/| CBA3bIBAHUS JIUTAH] nodamuH (JIA)
MHKpOHOHTO(dOpe3 KaTeXOJaMUHBI
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KO-M€HATOPBI 6EH30A1a3eIHH
HopazapeHanuH (HA) PenenTops! u 3¢p¢dpexToper,
okcup asora (NO) conpsbkeHHbIe ¢ G-GexaMu
N€PEHOCYUK muamtrnepod (JAT)
npuHuun Jleitna uHO3UTOJ-1,4,5-TpUdocdar
peTpOorpaaHblii MOCpeJHUK (ND,)
cepotonuH (5-I'T) KaJIbLIMi-KaIbMOAYJIMH-3aBUCH-
CEpPOTOHUHAPTUYECKUIA mas npoTteuHkuHaza CaMK
CTaaus, JUMMUTHUpPYIOLIAs KacKaJl BTOPUUHBIX IOCPe JHUKOB
CKOPOCTb nporenHkuHa3a A (ITKA)
3H/JIOKaHHAGUHOUAbI npoTenHkunHasa C (ITKC)
MeanaTop-3aBHCHMBIe KaHAIBI  NpoTenHgocdaTasa
6ap6uTypaT ¢ocdoimmasa C (PJIC)

7
I

L
&s‘ §
&N

i
i

Bonpochbl onsi camonpoBepKu

__

1. IlepeumnciuTe KpUTEPUH, KOTOPblE MCNOJL3YIOTCA AJIs OTHe-
CeHUs] XMMHUYEeCKOro BellecTBa K HelipomeauatopaM. Kakue
3KCIIEpUMEHTabHblE CTPATETMH MOXHO HCIOJb30BaTh, YTOOLI
I0Ka3aTh, 4TO AX COOTBETCTBYET KPUTEPUAM HeifipoMeauaTopa
HEIPOMBIIIEYHbIX CO€JUHEHUI?

2. Kakue Tpu MeTOa MOXHO UCIIOJIb30BATh, YTOGHI I0KA3ATh, YTO
pelienTop HeifpoMeaHaTOpa CUHTE3UPYETCS U JIOKAJIU3UpyeTCs
B OIpeJieICHHOM HelpoHe?

3. CpasHure cBoiicTBa (a) peunentopos AMIIK u HMJIA; (6) pe-
nenropos TAMK, u TAMK,.

4. CuHanTUYeCKOE TOPMOXEHHUE SIBJISETCS BaXXHOH OCOGEHHO-
CTBIO HEHPOHHBIX KPYroB Kopbl Mo3ara. Kak Gbl Bbl onpeennimy,
KaKoif HeiipoMeaHaTOp ABJIAETCS MHTMGUTOPHBIM B KOpe MO3ra:
T'AMK, miuuuH, o6a Wik HY OJUH U3 HUX?

5. IilyTamMaT akTUBMpYeT OrpPOMHOE€ KOJHMYECTBO METAGOTPOIHBIX
peuenTtopos. IlocreacTBeM akTUBaLMM OJHOTO UX IMOJABUAA
aBsgeTcs yenemenue cuHTe3a HAM®. ITociencTBueM akTUBALIMY
apyroro noasuga 6yaer axmusayus ITKC. Ilpeanoxure mexa-
HU3MBI JUIl TAKUX Pa3JIMYHbIX 3¢ (PEKTOB.

6. BosHukaoT 11 3¢ ¢eKTbl HellpOMeJUATOPHOM KOHBEPTreHLUU
Y JUBEPreHIUY B U30JIMPOBAHHOM HeiipoHe?

7. Ca? cunraercs BTOpUYHBIM nocpegHuKoM. [Touemy?
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CTtpoeHue HepBHOWN CUCTEMDI

B arovi rnase...

BBEAEHUE
OBLWEE YCTPOWNCTBO HEPBHOW CUCTEMbI
MNEKONUTAIOLLNX
AHaTOMM4ECKNE HanpaBneHns
LleHTpanbHasn HepsHas cucrtema
bonbLuos mo3r
Mo3xxeyok
Crson Mo3ra
CrmHHow MO3r
Mepudepuyeckas HepBHasa cnctema
Cowmarnyeckasn NHC
BucyepansHas MNMHC
AppepeHTHbIe 1 3¢phepPEHTHbIE aKCOHbI
HepenHble HepBbl
MoaroBble 060104KM
>Kenynodkosas cuctema
HoBble B3rnaab! Ha MO3r
Busyanuaayms CTPyKTypPbl XXMBOro MO3ra
QyHKLMOHAabHas B13yanu3ayms Mo3ra
NOHUMAHME CTPYKTYPbIl UHC HA 3TANAX EE PASBUTUA
DopM1poBaHNe HEPBHOM TPYBKM
Tpw NepBMHHBIX MO3roBbIX My3bIPA
v depeHumauma nepeaHero Mosra
[ncbpeperumaymsa KOHEYHOro 1 MPOMEXYTOYHOro MO3ra
CootHoLueHve “CTpyKTypa-pyHKUMA" B nepesHem Mo3re
[vdhdheperHumauma cpeaHero Mo3ara
CooTHOLLEHWE "CTPYKTYpa-byHKUMA" B CpeaHemM Moare
v deperHumaums 3agHero Mosra
CooTHOLUEHWE “CTPYKTYpa-(byHKUMS" B 3adHEM MO3re
[ndbdepeHumauma CnMHHOro Moara
CootHoLueHwne “CTPYKTYpa-(hyHKUMS" B CAMHHOM MO3re
Cobupas Bce BOEANHO
OcOo6eHHOCTM HYeN0BEYECKOrO MO3ra
NYTEBOAUTEJb NO KOPE FOJIOBHOIO MO3Ira
Tunbl KOpbI MO3ra
30HbI HOBOW KOPbI (HEOKOPTEKCA)
3Bo/ouymMss HeoKopTeKCca 1 ero COOTHOLLIEHNE
"CTPYKTYPa-byHKUNA"
PE3IOME
NPUNOXEHUE. UNNIOCTPUPOBAHHOE PYKOBOACTBO
NO HENPOAHATOMUW YENOBEKA
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BBEOEHWE

B npeabiaymmx rmasax Mbl yBUAEIH, KaK paGOTAIOT U COOOMAIOTCA OTAEb
Hble HelipoHbl. Ceifyac Mbl yKe FrOTOBbI COOPATh UX BCE B OJHY HEPBHYIO CHC-
TeMy, KOTOopas BUJUT, CJbIIIUT, YyBCTBYET, ABUTA€TCs, IOMHUT U MeuTaeT. Kak
3HAaHHUE CTPOEHUS HefIpOHA BaXKHO /Il IOHUMaHUS ero GyHKIMIA, Tak U 3HaHUe
CTPOEHHUS HEPBHOI CCTEMBI HEOGXOAMMO, YTOOBI MOHATH (PYHKLIMU MO3Ta.

Heiipoanatomus 6pocaia BbI3OB LI€/IbIM IOKOJIEHUSAM CTYAEHTOB, U HE 3p4,
Be/Ib Y€JIOBEYECKHIT MO3T HEBEPOATHO C10XKeH. OZIHAKO Halll MO3T ABJISAETCS BCE-
ro JIMIIb Pa3HOBUAHOCTDBIO OOIIE CXEMbI, CBOMCTBEHHOI MO3raM BCEX MJIEKO-
nuTalonmx (puc. 7.1). YesoBedyeckuil MO3r KaXXeTCsl CJIOXKHBIM U 3aITyTaHHBIM,
IIOTOMY YTO OH MOAMGUIIMPOBAJICSA BCJIEACTBIE U3GUPATENLHOTO pa3pacTaHUS
onpe/ieIeHHBIX €ro 3JIEMEHTOB B MoJ0CcTH Yepena. Ho kak TOJIbKO MbI oitMeM
06IIYIO CXeMY CTPOEHHUS MO3Ta MJIEKOIUTAIONIMX, BCE OCOGEHHOCTH YeloBeyec-
KOT'O MO3ra TaKXe CTaHyT SCHBL.

Mb! HaYHEM C O3HAKOMJIEHUS C OGIIMM YCTPOHCTBOM MO3ra MJIEKOIMHUTAIO-
IUX U C TEPMUHAMU, UCTIOJIb3YEMBIMH JIJISl €TO OMUCAHUSA. 3aTEM IOCMOTPUM,
Kak 06pa3yeTcs TpeXMepHas CTPYKTypa MO3ra B IPOLECCE Pa3BUTUS 3MOPUOHA
u maoga. CrefoBaHue KypCy PasBUTHS MO3Ta IIOMOXET HaM MOHATDb, KaK B3a-
HMOJEHCTBYIOT MEXTY CO6O0i1 3JIEMEHTBI MO3ra B3pOCJIOTO uejioBeka. B kowie
Mbl OTKPOEM JJsi ce6s HEOKOPTEKC (6YKBaIbHO “HOBYIO KOPY”) — CTPYKTYPY,
CBOMCTBEHHYIO JIMIIb MJIEKOIIUTAIOMUM, U OCO60 pa3BUTYIO y mojei. B koHue
JaHHOM IIaBbl GYAET MPEACTABJIEHO WLIIOCTPUPOBAHHOE PYKOBOJCTBO MO HEH-
POaHAaTOMMHU Y€JIOBEKA.

ITockosIbKy BbI BCTPETUTECH C GOJIBLIMM KOJHMYECTBOM HE3HAKOMbIX TEPMU-
HOB, B IVIaB€ Bbl HailleTe 3aJaHus Il CAMOKOHTPOJIA, KOTOpblE€ IIOMOTYT BaM
JIy4llle BO BCEM Pa3o0paThCs.

OBLLEE YCTPOWCTBO HEPBHOW CUCTEMbI
MJTEKOMUTAKOLLNX

HepBHas cucteMa Bcex MJIEKONUTAIOMUX UMEET JBa OTAEA: LIEHTPAIbHYIO
HepsHylo cuctemy (ITHC) u nepudgepuueckyio nepshylo cucremy (ITHC). 3aecn
Mbl OnpeaenuM HekoTopble BaxkHble KomnoHeHThl ITHC u ITHC. Mbl Takxke
IIOTOBOPUM 06 OGOJIOUKAX, OKPYXAIOIMX MO3I, U XEJIyJO4YKaX, HallOJTHEHHbIX
XUJKOCTbIO, PACIIOJIOKEHHBIX B TOJIIE MO3ra. 3aTeM Mbl Y3HA€M O HOBBIX METO-
Jax MccielOBaHUs CTPYKTYpbl Moara. Ho mpex e Bcero HaM Hy»XHO pa3o6paThb-
Cs1 B aHATOMUYECKOI TEPMUHOJIOT UM
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1cm
Kpbica

3

Kponm

Yenosek

HenbduH

Puc. 7.1. Mo3r mnekonutarowmx. HeCMOTpsA Ha pasHbiii YPOBEHb CNOXHOCTUW, CTPOEHUe
Mo3ra npeacTaBuTenen BCeX 3TUX BUAOB UMEET ObLuMe xapakTepucTuku. MNsobpaxeHuns
AaHbl 6e3 cobnoaeHna Macwtaba; COOTHOLLIEHWE UX peasbHbIX pa3MepoB NOKa3aHo cnesa
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AHaToMUyeckKue HanpasneHus

3HaHMe MaplIpyTa IPY U3yYeHUH MO3ra HallOMHHAET 3HaHHE MaplIpyTa BO
BpeMs MPOTYJIKHU 1O ropoAy. [/l ONMUCaHUsA CBOETO MECTONOJIOXKEHUSA B TOpoJie
BbI MCITOJIb3yeTE TaKHe HaIpaBJIEHUs, KaK CEBEP U IOT, BOCTOK U 3amaj, Bepx U
Hu3. C MO3roM Bce NMPaKTUYECKHU TaK K€, OTIMYAIOTCA JUIIb TEPMUHBI, KOTO-
pbl€ 3/1€Ch HA3bIBAIOTCH ANAMOMUNECKUMU HATPAEACHUAMU.

PaccmoTpum HepBHYIO cucTeMy KpbICH (pHC. 7.2, a). Mbl HAUMHAEM C KPbICHI,
IIOTOMY YTO €€ HEpBHas CUCTEMa cCaMasi TPOCTas U BCe XKe UMeeT BCe XapaKTep-
Hble OCOGEHHOCTH OPraHU3alluM HEPBHOI CHCTEMbl MJeKomuTammux. [onos-
HOI1 MO3T PacIoJIOXEH B Ueperne, a CMMHHON MO3T IPOXOJAUT B CHUHHOM MO3Te
A0 camoro xBocTa. Hoc MbIlM pacnoioxeH B €€ poCTPaIbHOM, UK IEePeTHeM,
KOHIIe (OT JIaT. “K1ioB”). XBOCT MBIIIH PACIOJIOXKEH B KayJaTbHOM, WU 3aJHEM,
HanpapJeHuH (OT JaT. “XBOCT”). BBepX yKka3biBaeT JOpCATbHOE HallpaBJIeHHE, a
BHU3 — BeHTpaIbHOe. TakuM 06pa3oM, MO3T KPbIChI IPOXOAUT CIEPEIU Ha3asl.
BepxHss yacTh CHMHHOrO MO3Ta pacIoJIOKeHa Ha JOpCaibHOI CTOPOHE, a HHX-
HfSl 4aCTb — Ha BEHTPaIbHOIi CTOPOHE.

CrmHHoM -
Moar MO3r DopcansHo CnuHHOR  flatepansHo

o Moar Mo3r
3a4HuiA, unmn
KayaanbHbli,
KOHeL,

CpenuHHas
JIMHWS

ﬂepeuHmﬁ,mnm\\

(a) f BeHTpanbHo 7 (6)

Puc. 7.2. OCHOBHble aHaTOMU4YECKMWe HanpaBfeHU HePBHOW CUCTEMbI KpbICbl. (a) Bug
c60okKy. (6) Bun cepxy

Ecin B3rjasiHyTh Ha HEPBHYIO CUCTEMY CBEPXY, Mbl YBUIUM, YTO €€ MOXHO
pa3zeJuTh Ha ABe paBHble YacTH (puc. 7.2, 6). [IpaBast cTOpoHa rOJIOBHOTO U
CIIMHHOT'O MO3ra SIBJISETCA 3epKaJbHbIM OTPAXXEHHEM JIEBOI CTOPOHBI. ITO Ha-
3bIBaETCA butameparsnoi cummempueti. Kpome HeCKOIBKUX UCKIIOUYEHUI, 6OJIb-
IIMHCTBO CTPYKTYP HEPBHOI CUCTEMBbI IIAPHbIE U UMEIOT APy, PaCIOJIOXKEHHYIO
Ha IPOTHUBOIIOJOXKHOI cTopoHe. HeBuaNMYyIO JIMHUIO, MPOXOASILYIO MOCepe-
JUHE HEPBHOI CHCTEMbI, Ha3bIBAIOT CPEAMHHON JIMHUEH, KOTOpas JaeT HaM
€lle OJHy HaudajJbHyIO TOUKY JJI aHATOMUYECKUX HanpasieHUil. CTPyKTypbl,
PacnosioKeHHble 6/MKE K CPEMHHOMN JTMHUHU, Ha3bIBAIOTCA MEJHATbHBIMH, A
CTPYKTYPHI, YJaJ€HHbIE OT Hee, — JIaTepaTbHbIMM. J/IpyrumMu cJI0BaMU, HOC pac-
NIOJIOKEH MeJUaJbHO OTHOCHUTEJIbHO INIa3, a Ia3a PacloJIOXEHbl MeAUAJIbHO
OTHOCHUTEJILHO Ylleil U Tak Jajiee. Kpome Toro, ABe CTPYKTYphbl, PacCIIONOXKEeH-
HbI€ 10 OJIHY CTOPOHY OT CP€JAMHHON JIMHUY, Ha3bIBAIOT MIICHIATe PATbHBIMHA
(OAHOCTOPOHHMMM ); HAIIPUMEP, ITPABOE YXO U UIICUJIaTePaJbHbIi1 €My IPaBblil
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mia3. Ecim ke CTPyKTYpBI pacroslockeHsl O pa3Hble CTOPOHBI OT CpeAMHHOI
JIMHUH, OHM GYAYT KOHTPaJIaTe PAIbHBIMHU (IIPOTHUBOIOIOXHBIMU), T.€. IPaBOE
YXO pacroJI0XKeHO KOHTpaJaTepaIbHO OTHOCUTEBHO JIEBOTO IIa3a.

YTO6bI MOCMOTPETh Ha BHYTPEHHEE CTPOEHUE MO3ra, OGbIYHO TPeGYeTCs pas-
pe3aTb ero. Ha s3bIke aHATOMOB TOHKHE IUVITACTUHKY TKAaHU Ha3bIBAIOTCH CPe3aMHu.
Bam MoxeT rmokasaThcs, YTO CYLIECTBYET GeCYHCIEHHOE KOJMYECTBO CIIOCOG0B
“Hape3ku” MO3ra, HO CTaHJAPTHBLIM IOAXOJIOM SIBJISETCS BBLINOJHEHHE CPE3OB,
NapaliebHbIX mpem anamomureckum naockocmam. IInockocTs paspesa, npu Ko-
TOpOI 06pa3yIOTCs ABE paBHbIEC NpaBas M JieBasi OJOBHUHBI MO3ra, Ha3bIBA€TCH
CpeJHel CaruTTAIbHOI IUIOCKOCTEIO (puc. 7.3, a). Cpe3bl, napauiesbHble CPea-
Heil CaruTTaJIbHOI IVIOCKOCTH, BBIIIOJIHSIOTCS B CATHTTAIBHBIX IUIOCKOCTAX.

beIl71
KayP\ el

PocrpaanbM
KoHeu

(a) Cpephss
caruTtTanbHas

(6) Fopu3oHTanbHas

-
)

(B) BeHeyHas

Puc. 7.3. AHaTomMM4yeckue nNnocKoOCTU cpe3os

JlBe Apyrue IoCKoCTH NepreHUKYIAPHbI CArUTTAIBHOI MJIOCKOCTH U APYT
Apyry. Topu3oHTaIBHA IUI0CKOCTH Napajuie)ibHa 3emie (puc. 7.3, 6). OnauH cpe3
B 3TOI INIOCKOCTH MOXKET MPOXOAUTh Yepe3 06a 1a3a u 06a yxa. Takum o6pasom,
TOPU3OHTAIbHASA IJIOCKOCTb Pa3fiesiseT MO3T Ha JOPCAIbHYI0O M BEHTPAJbHYIO
4yacTh. BeHeuHas II0CKOCTH NPOXOJAUT NEPNEHUKYISPHO 3EMJIE U CATUTTAJIb-
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HOI1 IIockocTH (puc. 7.3, 6). OauH cpe3 B 3TOi IIOCKOCTH MOXET IPOXOAUTh
yepe3 o6a [V1a3a UM 062 yXa, HO He uepe3 Bce U3 HUX oJHoBpeMeHHo. CieoBa-
TeJbHO, BeHEeYHas! IUVIOCKOCTD A€JUT MO3I Ha NepeJHIOI U 3aHIOI0 YaCTH.

Camoxonmpoas

IIpamo ceityac yJeaure HECKOJLKO MMHYT, YTOObI YGEAUTHLCH, YTO Bbl IIpa-
BUJIbHO [TOHSAJIM 3HAYEHUS CJIEAYIOMUX TEPMUHOB:

IMepe anuii JlaTepanbHblit

Pocrpanbubrit HncunarepanbHbiit

3agnuit KourpanarepanbHblit
KaynanbHbrit Cpeanss caruTTaabHas IJIOCKOCTD
JlopcanbHblit CaruTTajbHas MJIOCKOCTDb
BenTpanbHbiit Beneunas niockocTthb

CpeauHHas JUHUSA TopusoHTaIbHAA JIOCKOCTD

Me anaibHbIi

LleHTpanbHasa HepBHasa cuctema

HenTpanbnas HepBHas cucTema (ITHC) cocTonT 13 aneMeHTOB HEPBHOM
CHCTEMbI, OKPYKEHHbIX KOCTSIMU, — FOJIOBHOTO 1 CHUHHOT0 MO3ra. JoJI0OBHOI
MO3T PacIoJIOXKeH B I0J0CTH Yepena. Ha 60k0BOi1 MpOeK1H MO3ra KpbIChI XO-
POLIO pa3TM4YMMBbI TPU YaCTH, CBOMCTBEHHbIE BCEM MJIEKOMUTAIOIUM: GOJIBLION
MO3T, MO3KEUYOK U CTBOJ Mo3ra (puc. 7.4, a).

bonbwon mo3r

CaMoii KpyIIHOIi M1 CaMOii pOCTPaIbHO PacroJIOXEHHOM YaCThIO MO3Ta SBJISAET-
cs1 Gonpnoii Mo3r. Ha puc. 7.4, 6 mokasaH BUJ MO3ra KpbIchl cBepxy. OGpaTuTe
BHUMAHME: OH pa3JiejleH YETKO MOCEPEJUHE HaA JBa MOJyWIapUA MO3Ta Chedun-
Hol weavto. B 11€710M npagoe nonymapyue MO3ra OTBEYAET 32 YYBCTBUTEJIbHOCTb U
ynpaBJieHUe JBUXKEHUAMU €601 IOJIOBUHBI, U HA060POT. Jlesoe oTylIapre MO3ra
OTBEYAET 3a YYBCTBUTEIbHOCTDb U ABUXEHUSA 7pasoii IOJOBUHbBI MO3Ta.

Mo3xeyok

ITozaau 60bIIOrO MO3ra pacnoIOXeH MO3)Ked0K. XOTs pa3Mepbl MO3XKeUKa
Y MeHbllle, 4eM GOJIbIIOTO MO3ra, OH COAEPXKUT CTOJIbKO XK€ HeIpOHOB, CKOJIb-
KO COEPKUTCA B OOOMX NOJyIIapusaxX MO3ra. Mo3e4ok SBJIseTCs IePBUYHBIM
IEHTPOM KOHTPOJIS JBIDKEHUSMU U MMeeT OOUIMPHBbIE CBSA3M C TOJIOBHBIM U
CIIMHHBIM MO3roM. B ominume ot mosnymapuii Mo3ra, jieBoe MoJyuiapue Mo3-
X€YKa KOHTPOJUPYET ABUXXEHUs JIEBOI IIOJIOBUHBI TeJIa, a IpaBOe MoJyuIapue
OTBEYaeT 3a NPaBYIO MTOJIOBUHY.
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CTeon mo3ra

OcraBuasics 4aCTb MO3Ta Ha3bIBAETCA cMB0A0M Mo32a. Ero nydiie Bcero suj-
HO Ha CpeJiHeil CaruTTAIbHOI npoekuuu (puc. 7.4, 6). CrBosx Mo3ra oGpasyer
“cre6Genb”, OT KOTOPOrO OTXOJAT NOJyIIAapUs GOJbLIIOrO MO3ra M MO3XKeYKa.
CTBOJ MO3ra NnpeACTaB/leH CJIOXHbIM NEepPeIIeTEHUEM BOJIOKOH U KJIETOK, y4a-
CTBYIOIIUX, B YaCTHOCTHU, B I€pEHanpaBleHUH MH(POpMaIMKM U3 MO3XKEYKA B
rOJIOBHOM M CIIMHHOH MO3T M Hao6opoT. KpoMe Toro, CTBOJI MO3ra fBJs€TCA
MECTOM, Tie PETYJINPYIOTCa MHOTHE (PYHKIIMH, TaKHE KaK JibIXaHUe, CO3HAHUE
U nojfiepXKaHue TeMIepaTyphl T€1a. KpoMe Toro, oH ABISETCA CaMbIM BAXHBIM
3JIEMEHTOM MO3ra JUIs MOAAEPKAHUS )KM3HU. MOXXHO BBKUTB NIOCJIE IOBPEX -
HUSI GOJIBIIOTO MO3Ta MJIM MO3)KE€YKa, HO [MOBPEXAEHHUS CTBOJIA MO3ra OGBIYHO
UMEIOT JIeTAIbHBIA UCXO.

Bua cboky
(naTepanbHbii)

(a)

CpepHwii P
caruTTanbHblv BUA, \\

()

CrtBon mMo3ra

BonbLwoi moar CnuHHOW
Mo3xe4ok Creon

MO3r
Mo3ra
Mpagoe
Bun ceepxy .. nonywapue
(BOPCANLHBIN) - gy MO
N JleBoe
(6) __nonywapue
Mosra
CarutTanbHas
Lenb

Puc. 7.4. Mo3ar Kpbicbl. (a) Bug c6oky. (6) Bug ceepxy. (B) CpeaHsas carutTansHasn npo-
ekuus

CnMHHOW MO3r

CHMHHOI MO3I 3aKJIIOYEH B KOCTHBII IO3BOHOUHBIM CTOJI6 U BBEPXY COEU-
HAETCA €O cTBOJIOM MO3ra. CIMHHOM MO3r ABJISAETCS OCHOBHBIM IIPOBOXHUKOM
MH(pOPMALMU OT KOXH, CyCTABOB U MBIIIIL TeJla K MO3Ty U Hao6opoT. Pacceye-
HHE CIMHHOTO MO3Ta BbI3bIBAET aHECTE3HUIO (TOTEPIO YyBCTBUTEIBHOCTU) KOXHU
U Mapajuy MbIIIL KayJaJbHee MecTa nepeceyenus. Ilapamnd B aToM ciiyyae He
3HAYUT, YTO MBIIIIILI HE MOTYT (PYHKIIMOHMPOBATh, MO3T MPOCTO HE CIIOCOGEH
HUX KOHTPOJIMPOBATD.

CnuHHOM MO3Tr CBfA3aH C TEJIOM NOCPEACTBOM CIMHHOMO3TOBBIX HEPBOB,
KOTOPbIE ABJISIOTCSA YaCThIO nepudepUYECKOl HEPBHOM CUCTEMBI (€€ MBI pac-
cMoTpuM Hinke). CIIMHHOMO3roBble HePBBI BBIXOJAT U3 CIIMHHOTO MO3ra
4yepe3 OTBEPCTHS MeXJY COCEAHMMH IO03BOHKAMM IO3BOHOYHHMKA. Kaxabiii
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CIIMHHOMO3r'OBOi1 HEPB COEAMHAETCS CO CIIMHHBIM MO3rOM IOCPEACTBOM JBYX
“BeTOYEK” — 3a/HETO KOPellKa U nepeJHero Kopemxa (puc. 7.5). [Ipunomun-
Te U3 mIaBbl 1, kak Ppancya MaxkaHau A0Ka3al, YTO 33JiHUE KOPEIIKU COAEPXKaT
aKCOHBDI, Hecylue NHGOPMAIMIO OT KOHEYHOCTEl K CITMHHOMY MO3TY, KaK B ITPH-
Mepe C BHE3AMHbIM YKOJIOM HOTH O KaHUEJIAPCKYIO KHOMKY (puc. 3.1). Yapas Benn
JIOKa3aJl, YTO NepeJHIE KOPEIIKU COAEPKaT aKCOHBI, Hecylue MHGOPMAIHIO 8
obpammom nanpasienuu — OT CIIUHHOTO MO3ra, HapUMep, NojaBasi CUrHaI MbIIL-
I1aM COKpPaTUTbCS B OTBET Ha 60JIEBOIT CTUMYJI, BbI3BAHHbIIT TOM Xe KHOIMKOM.

Mepudepuyeckas HepBHaa cuctema

Bce yacTu HepBHOI1 CICTEMBI, KpPOME TOJIOBHOTO U CIIMHHOTO MO3ra, 06pa3y-
10T nepu¢epugeckyio Heppuyio cuctemy (IIHC). ITepudepuueckas HepBHas
CUCTEMA COCTOUT U3 JBYX yacTeil: comaTuueckoit I[THC u Bucnepansuoit ITHC.

Comatuyeckasn MHC

B comaTnaeckyro ITHC BXOAAT Bce CIMHHOMO3IOBbl€ HEPBbI, HTHHEPBUPYIO-
M€ KOXY, CYCTaBbl U MBILIIbI, KOTOPbI€ HAXOASTCS MOJA KOHTPOJIEM CO3HAHUS.
JlBHUraTesibHble aKCOHBI, YIPABJISIONINE COKPAIEHUAMH MBIIIL, UCXOIAT OT MO~
TOHEIPOHOB IEePEAHEro OTAEJa CIMHHOTO Mo3ra. Teja MOTOHEHPOHOB pacro-
snoxenbl B IIHC, Toraa kak X akCOHBI 110 GoJibliei yactu oTHocaTcsa kK ITHC.

ComaTunyeckue 4yBCTBUTEIbHbIE aKCOHBI, HECYIME HH(POPMALIMIO OT KOXH,
MBIIII U CYCTABOB, BXOAAT B CIMHHOM MO3T Yepe3 3aJHue KopemkH. Tesna aTux
HelpoHOB pacnojioxeHsl BHe ITHC B cKomieHusAx K1eToK, Ha3blIBAEMBIX CITHH-
HOMO3rOBBIMH raHITHAMHA. Ka)x/JoMy CIHHHOMO3roBOMYy HEPBY COOTBETCTBYET
OTJEJIbHBIN CHUHHOMO3IOBOii raHrMi (puc. 7.5).

BucuyepanoHas MHC

Bucneparbnasa ITHC, Takxe Ha3bIBaeMasi BET€TATUBHOI, MJI1 aBTOHOMHOIA,
HepBHOM cucremoii (AHC), conepxuT HeiipOHbl, MHHEPBUPYIOLIUE BHYTPEH-
HUE OPraHbl, KPOBEHOCHbBIE COCY/IbI U Xee3bl. BuciiepanbHbie 4yBCTBUTEIbHBIE
akconbl HecyT B IIHC nndopmanmio o paboTe BHyTPEHHUX OPraHOB, HAIPUMED
0 JIaBJIEHUH U COJIEPXKAHUM KHCJIOPOJa B apTEPUAIbHON KPOBU. BucuepanbHbie
JBUTaTeIbHbIE aKCOHbI KOHTPOJUPYIOT COKpaIlleHHWE U paccaabjieHre MBbIIIII,
06pa3yIomMX CTEHKH I0JIbIX OPraHOB 1 KPOBEHOCHDBIX COCYJOB (24a0KuUXx Mbluly),
9acTOTy CEPALEOUEHNs U CEKPETOPHYIO (PYHKLMIO Pa3IMyYHbIX Xkeje3. Hanpu-
mep, ITHC perysupyeT KpoBsiHOE JaBjeHue, U3MEHSAS 4aCTOTy cepAlebueHus
Y IUaMeTP COCYJOB.

Bce ¢usnonorudeckre nposiBJe€HUs SMOLMOHANbHBIX PEaKlUii, TaKUe Kak

HepBHas JpPOXb WM CTBIJIMBBII PyMsHEIl Ha IIEKaX, ONOCpEeIOBaHbI BUCIE-
panbnoit ITHC (AHC).
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Cn1HHOMO3roBbIE
raHrnMm

3agHve
KOpeLLKu

CnMHHOMO3roBbIE
epenHue KopeLku HepBbl

Puc. 7.5. CnuHHON Mo3r. CNMHHOM MO3r NPOXOAUT BHYTPY NO3BOHOYHMKA. AKCOHbI BXOAAT
1 BbIXOAAT M3 CNMHHOMO MO3ra Yepe3 3afHve 1 nepeaHve KOpeLKn COOTBETCTBEHHO. ITU
KOpELWKN 06beANHAIOTCA, 06pasdys CNMHHOMOS3rOBOW HEPB, KOTOPLIM MPOXOauT No Teny

AdpepeHTtHble U 3hepeHTHbIE aKCOHbI

Pasrosop o ITHC — omIHuHbBIi1 OBOJ BBECTH €lle Ba TEPMHUHA, ONUCHIBA-
IOlll€ AaKCOHbl HEPBHOI CHUCTEMBbIL. JTO CJIOBA JATHUHCKOTO IPOHUCXOXAEHUS
acdepenTnsiii 1 3¢ epeHTHDIN, yKa3bIBAOIUE HANpaBJIeHUE INeperadyu
MH(pOpMaAIUU aKCOHAMU — % OIpeJEeNIEHHOI Touke Wi ke om Hee. Eciu pac-
cmatpuBaTh akcoHbl [IHC oTHOCuTENnBHO HcXoaHOI Touku B ITHC, To comaTu-
YecKHle U BHUCIePalbHble YyBCTBUTEJbHbIE AKCOHBI, HECylue UH(popManMIo
LTHC, 6yayT ad¢pepeHTHBIMHU, a aKCOHBI, Boixoasamue u3 ITHC u nnnepsupyio-
M€ MBIIIIbI ¥ XKeJie3bl, — 3(ppepEHTHBIMU.

YepenHbie HepBbl

ITomumo HEPBOB, BBIXOAAIIMX U3 CIMHHOTO MO3Ta U MHHEPBUPYIOIUX TEJIO,
CYWIECTBYET TaKxe 12 Map depemHbIX HePBOB, KOTOPbIE€ BLIXOAAT U3 CTBOJA
MO3ra M MHHEPBMUPYIOT MIaBHbIM 06pa3oM roJyopy. Kaxablil yepenHoii Heps
UMeeT COGCTBEHHOE HA3BaHUE U CBA3AHHbBIA C HUM MOPALKOBBIN HOMEp (U3-
HaYalbHO NpucBoeHHble [aneHoM npuMepHo 1800 seT Ha3ax B HanpaBJIeHUU
cnepeau Hasan). OnHM YepenHble HEPBHI ABAMAIOTCA YyacThio ITHC, npyrue —
yacTbio comaTudeckoit [THC, a TpeTbu BoBCE NPUHANJIEXAT K BUCHEPATbHOIM
ITHC. MHorue uepenHble HEPBbI COAEPAKAT CI0XKHOE NepeIIeTEHUEe aKCOHOB,
BBIMTOJIHSIOIMX Pa3jinyHble GyHKIMH. YepenHble HEPBBI U UX Pa3HOOOpa3Hble
(pyHKIIUM TpeOCTaBIEHbl B KPATKOM BU/JIE B IPUJIOXKEHUH K 3TOI1 IVIaBe.
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060104k Mo3ra

ITHC, yacTb HEPBHOI1 CUCTEMBI, PACIOJOXEHHAS BHYTPH Yepemna U Mo3Bo-
HOYHHKA, HE IMEEeT HEeMOCPEeACTBEHHOr0 KOHTAKTA C IOKPBIBAIOLIElf €€ KOCTBIO.
OHa NoKpbITa TPEMsI MO3TOBBIMH 060109KkamMu. K HIM oTHOCATCA TBepAas, ma-
YTHHHAs! U MATKasi MO3TrOBble 060JI0UKH (pHC. 7.6).

Teepaas

MO3roBas
obonouka

CybaypanbHoe >

ﬂpOCTpaHCTV
MNa TuHHas

obonoyka
CybapaxHougansHoe
NPOCTPaHCTBO

Msirkas mo3arosas
o60no4Kka

ApTepus
Moar
(a) (6)
Puc. 7.6. Mo3srosble 0605104KM. (a) Yepen yaaneH, BugHa NnpoyHas HapyxHas o6ono4ka —
TBEpAas Mo3roeas obonouka. (Mcroyruk: Gluhbegoric and Williams, 1980.) (6) N3o6paxe-

HUE TPex MO3roBbIx 060104€EK, 3aLUMLLAIOLLNX FONOBHOM U CMMHHOW MO3r: TBEPAOW, NayTUH-
HOWM N MArKO MO3roBOM 060/104KM

TBepaast Mo3roBas 060109Ka, cBOei akTypoil HANIOMHHAIOIAs KOXY, 06~
pasyeT BHelHMIt cy1oil. OHa GOpPMUPYET XKECTKUIT pUTHIHBIN MEIIOK, KOTOPHI1
OKpYy>aeT roJIOBHOM M CIIMHHOI1 Mo3r. IToJ TBepaoit MO3roBoii 060J104K0i1 pac-
TI0JI0)K€HA MAayTHHHASA 000109Ka. ITOT CJIOi BHELIHE U 110 CBOE CTPYKTYypE Ha-
MIOMMHAET NayTUHY. B HOpMe Mex Iy TBepAOi U MayTUHHOM 000JI049KOi HET CBO-
60/JHOr0 NPOCTPAHCTBA, HO NPU Pa3phIBE COCY/a TBEPOI1 MO3roBOi 060JI0UYKHU
3/1eCh MOXET CKaILIMBATbCSA KPOBb, 06Pa3ysl TaK HA3bIBAEMYIO CY00YPALLHYI0 2eMAa-
momy. CKOIUIEHHE XUJKOCTH MOJ, TBEPAOi1 MO3roBOil 060JI0UYKOI MOXET Hapy-
HMIKUTh (PYHKIUIO MO3Tra, caaBauBas 3aemeHTbl IIHC. 3T0 cocTosiHue ycTpaHseT-
sl IPOCBEPJIMBAHNEM OTBEPCTUSA B U€peIne U JPEHUPOBAHUEM KPOBHU.

Msrkasa Mo3roBast 060/109Ka — 3TO TOHKasg MEMOpaHa, T€CHO IpPUJIerao-
[as K MOBEPXHOCTU MO3ra. B MArkoii Mo3rooit 060/104ke NPOXOAUT 6OJIbIIOE
KOJIMYECTBO COCYJ0B, KOTOPbl€ MPOHUKAIOT B BELECTBO MO3ra. MArkas Mo3ro-
Basi 060JI0YKA OT/JEJIeHa OT MAayTUHHOI IPOCTPAHCTBOM, 3aIOJHEHHBIM XHJ-
KOCTbIO. DTO cybapaxroudarsroe (noonaymunmnoe) npocmpancmeo 3arI0JHEHO MPO-
3pauHbIM COJIEBBIM PaCTBOPOM, Ha3bIBAEMbIM CIIMHHOMO3rOBOM JKHAKOCTBIO
(CMIK). Takum 06pa3oM, B KAKOM-TO CMbICJIE MO3T B II0JIOCTH Y€pena ILIaBaeT
B TOHKOM cioe CMIK.
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XenypoykoBas cucrema

B rmaBe 1 MbI ynomuHanu, 4To Mo3r noJbliil. ITonocTu u xaHaisl Mo3ra, 3a-
NIOJIHEHHbIE XUAKOCTBIO, 06PA3YIOT XKeTyA09IKOBYIO cucTeMy. ITo 3Toi1 cucTe-
me pasHocutca CMIK, Takas xe, Kak U B Cy6apaXHOMJAIbHOM IPOCTPAHCTBE.
CMIX BrIpaGaTeiBaeTcs 0c060i1 TKAHBIO B XKEJIYJOYKaX MOJyLIapUil MO3ra, Ha-
3bIBAEMOM x0poudasvmoim cnaemenuem. 13 sxxerynouxos nosymapuii mosra CMIK
BBITEKAET B CEPUIO CBA3AHHBIX LICHTPWIbHBIX MOJOCTEMH, PaCHOJOXEHHbIX B
CaMOM LieHTpe CTBOJIa Mo3ra (puc. 7.7). CMJK BBIXOAUT U3 XeJTyIOYKOBOIA CH-
CTeMbl U IIPOHUKAET B Cy6apaXHOMAAIBHOE IIPOCTPAHCTBO Yepe3 HeGOJIblINE
OTBEPCTHUS UJIU PA3bEMBI, PACIIOJOXEHHbIE B MECTE COEIUHEHUS MO3XeUKa CO
cTBOJIOM MO3ra. B cy6apaxnouzaisHoM npoctpaHcTBe CMIK a6cop6upyercsa
KPOBEHOCHBIMU COCYJaMU B OCOGBIX CTPYKTYpaxX, Ha3blBAEMBIX ApaxHOUOAIbHbL-
mu gopcunxamu. I1pu Hapymenun HopmanbHOI1 nupkyasamuu CMIK moxer Bo3-
HUKaTb IOBPEXJeHHe Mo3ra (Bpe3ka 7.1)

M&I eme BepHEMCS K XKeJTyJOYKOBOI CHCTeME MO3ra ¥ IOrOBOPUM O Heil 1oj-
po6Hee. Kak Bbl yBUAUTE, TOHMMaHUE YCTPOICTBA KEJIyJOUKOBOM CHUCTEMBI 5B-
JII€TCSA KIIOYOM K TOHMMAaHUIO YCTPOHCTBA MO3ra MJIEKONUTAOIMX.

XopoupanbHOe CNNeTeHne CybapaxHougansHoe

N
= ; NPOCTPAHCTBO
PocTpanbHblii 4 \\/ o
KOHeLL
l \\
1§
Y
. Xenynoukm
KaynanbHbi MO3ra
KOHeL,

Puc. 7.7. XXenygoukoBasi cuctema mo3ra Kpbicbl. CMXK Beipa6aTbiBaeTcs B
Xenyaoykax napHbIX NonyLlapui MO3ra, a 3aTem Hepes Ceputo LEHTpanbHbIX
XenyaoYKOB nepeTekaeT B LeHTp cteona Moara. CMXK npoHukaet B cybapax-
HoMAanbHOE NPOCTPaHCTBO Yepes Menkne 0TBEPCTUS Y OCHOBAHUA MO3XeYKa.

B cy6apaxHovaansHoM npoctpaHcTBe CMXK BcacbiBaeTCa B KpOBb
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Korpa otTok CMXK 13 xopouaanbHbIx CNNEeTEHUI, Yepesa XXenyao4KOBYIO CUCTEMY B
cybapaxHonganbHoe NPOCTPAHCTBO, HApPYLUEH, XMAKOCTb CKannMeaeTca v NpueoanT
K OTEKY Xenyao4koB. ATO COCTOSHWE Ha3biBAETCH rMapoyedanveri, 4To NepeBoanTCS
Kak “BofsaHas ronosa”.

WHorga poxpaatotes getm ¢ rngpouedanveir. Ho 6narogaps ToMy, YTO Yepen rpya-
HWYKOB MSArKWIA U He MONHOCTLID CHOPMUPOBAH, MPOUCXOAWT pacLUMpeHWe ronosbl
B OTBET Ha CKOMMEHWE XUAKOCTU B NONOCTU Yepena, 4TO 3alimulaeT TkaHb Mo3ra oT
noBpeXaeHuit. HacTo 3TO COCTOAHME He 3amevatoT Ao Tex Mop, noka ronosa cyle-
CTBEHHO HE YBENUYUTCA.

Mopouedanusa y B3pocnbix ABNAETCA ropa3fo 60nee Cepbe3HbiM COCTOSHUEM,
NOTOMY YTO Yepen HecnocobeH PacLUMPATLCS, BCNEACTBME HEro NOBbILLAETCHA BHY TPU-
YyepenHoe AasneHue. B pesynstate Markas TkaHb MO3ra CAaBnNuBaeTCs, ero yHKums
HapyLLaeTcs, U Npu OTCYTCTBUM NeYeHns HacTynaeTt cMepTb. O6bI4HO O6CTPYKTMBHASRA
rmgpouedanis ConPOBOXAAETCA TAXKENOW ronoBHOW 60nblo, BO3HUKAtOLIEN 13-3a
pPacCTHKEHNS HEPBHbIX OKOHYaHW MO3roBbix 060ono4yek. lledeHne 3aknoyaeTcs B BBe-
LAEHWN B OTEKLLUNIA Xenyao4ek TPYOKN 1 APEHUPOBaHUM U3NULLIKA XUAKOCTH (puc. A).

Yepes otBepcTue
B yepene B 60KOBOM
Xenyao4yek Moara
BBEAEHa TPybKa

[lpenaxHas Tpybka //E" h\
00bI4HO BLIBOAUTCS

B OPIOLLUHYIO NONOCTb
Y UMEeT 3anac ANVHbI
ana pocta pebeHka

Puc. A
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HoBble BO33peHus Ha MO3r

CroseTusMM y4eHble U3yYald BHYTPEHHEE CTPOECHUE MO3Tra, yAaJlss €ro u3
yepena, Jesas Cpe3bl B pa3JMYHBIX IUIOCKOCTSX, OKPAlIMBass UX U HUCCIEAys
OKpallleHHbI€ Cpe3bl TKaHU. JTOT NOJX0J O3BOJIMJI Y3HATh MHOTO HOBOTO, HO
OH JOCTAaTOYHO orpaHuueH. K uduciay oueBHIHBIX OrpaHMYEHMII OTHOCHUTCH,
HaIpuMep, CJI0XHOCTb BU3yaIM3allui TPEXMEPHOI'O B3aMMOOTHOLIEHUS T1yGo-
KuX yacTteii mo3ra. ITpopsis cayunicsa B 2013 r., koraa yuensie u3 CTaH(pOpACKO-
ro YHUBEpCUTETA IIpeCTaBUIN HOBBIN MeTo nox Ha3BaHueM CLARITY, nosso-
JISIOIMI BU3yaIM3HPOBAaTh NIyOOKHE CTPYKTYpbl MO3ra, He pa3pe3as ero. CyTb
MeToJa B TOM, YTOObI IPONUTATh MO3T paCTBOPOM, 3AMEHSAIONUIUM CBETOIOIJIO-
IAOIKeE JIMITUABI MO3Ta BOAOPACTBOPHUMBIM rejieM, KOTOPBIii ieJlaeT MO3T IIpo-
3pauyHbIM. Eciiu Takoit “ounieHHbIA” MO3T COJEPXUT HEHPOHDI, IOMEYEHHbIE
(payopeciieHTHBIMU MOJIEKYJIAMU, HalIpUMeP 3€JIeHbIM (hJIyOPECLEHTHbIM 6eJl-
koM (3PB, cM. m1aBy 2), To MX M3JIyYe€HHE MOKKET PACIOJOXKEHHE KIETOK, pac-
II0JIOXKEHHBIX B ITyGUHE Mo3ra (puc. 7.8).

' The brain is a

unexplored
continents and
great stretches
of unknown |
. territory. /4
S———

(@) (6)

Puc. 7.8. Kak cgenatb MO3r npo3padyHbiM U BU3yanu3uposaTb cnyopec-
LIeHTHble HePOHbI rMy60KUX CTPYKTYP Mo3ra. (a) Bug ceepxy Ha MO3r MbiLu.
(6) Tot e mMo3r, CTasBwmiA Npo3payHbiM 6narofaps 3ameLLeHuio IMNAoB BOAO-
pacTBopuMbIM renem. (B) Mpo3payHbiii MO3r 06nyyeH, 4To6bl Bbi3BaTb CBEYEHUE
HevpoHoB, akcnpeccupytowmx 3Ob. (U3o6paxenne npepgoctasun Dr. Kwanghun
Chung, Massachusetts Institute of Technology. ApantuposaHo 13 Chung and
Deisseroth. 2013, Figure 2)

KoHneuHo, npo3pauHblil MO3r — BCE paBHO MEPTBBIiT MO3I. ITO U OrPaHUYH-
BA€T I0JIE3HOCTDb UCIIOIb30BAHUSA TAKUX AaHATOMUYECKUX METOJO0B JJIsl AMArHo-
CTUKU HEBPOJIOTMYECKUX 3a60JI€BaHMIT Y XKUBBIX 0c0o6eil. [ToaToMy MOXKHO 6Ge3
IpeyBeJNYEHNs CKa3aTh, YTO PEBOJIOLMSA B HEPOAaHATOMUHU ITPOU3OILIA C BHE-
peHNeM HECKOJIbKMX METOOB, MIO3BOJIAIOIUX MOJy4aTh U306pakeHUS JKUBOTO
moa3ra. Ceifyac Mbl BKpaTIl€ PACCKaXXEM O HUX.
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Bu3yanu3auus CTPyKTYpbl HBOro MO3ra

HekoTopble BUABI 3JJEKTPOMAarHUTHOTO U3JIydeHMS, TaKM€ KaK PEHTT€HOB-
CKHe JIy4d, CIIOCOOHBI IMPOHUKATh CKBO3b TEJO, 3a/J€PXUBasACh PEHTIEHKOH-
TpacTHbIMM TKaHAMM. IT03TOMy, MCIOJb3ys PEHTTE€H-UyBCTBUTEJbHYIO ILIEH-
Ky, MOXHO INOJIyYUTb ABYXMEPHOE U306PaKE€HHUE TE€HHU PEHTT€HKOHTPACTHBIX
CTPYKTYp Teja. JTa TEXHMKAa XOpOWO pabGoTaeT [ KOCTEH 4epena, HO He
AJis1 MO3ra. Mo3r SBJISE€TCA CJIOXHBIM TPEXMEPHBIM OG'bEMHBIM OPraHOM C MH-
HUMAIbHBIMH PA3JUYUAMH PEHTTEHKOHTPACTHOCTU €ro TKaHEH, MO3TOMYy U3
OGBLIYHOTO IByMEPHOIO PEHTTEHOBCKOTO CHUMKA MOKHO MOJYYUTh OUEHb MaJIO
HMH(pOpMaLIH O HEM.

BecbMa nckycHoe peuleHue, Ha3BaHHOE komnsiome proi momozpagueis (KT),
6b110 n3o6peteno Toadpu Xanchpungom u Aranom Kopmakom, koTopsle mo-
Jyyusm 3a csoe usobpereHne HoGernesckyio nmpemuio B 1979 r. Ilensio KT
ABJIETCSA MOJydeHue n3obpaxeHnuit cpe3os moara. (CioBo momozpagus npo-
HCXOJUT OT IPEYECKOro CJI0Ba “pe3aThb, pa3pes”.) Jl1sa 3TOro UCTOYHUK PEHT-
reHOBCKMX JIy4yeil BpalaeTcss BOKPYT TOJIOBbI B IIJIOCKOCTH JK€JIaeMOTO Cpe3a.
Ha apyroit cropoHe roioBbl, HANPOTHUB UCTOYHUKA U3JYUYEHUS, PACIIONOXKE-
HbI 3JIEKTPOHHbIE CEHCOPbI, UYyBCTBUTE/IbHbIE K PEHTT€HOBCKOMY U3JyY€HHIO.
HMndopmanusa 06 OTHOCUTEIbHOII PEHTT€HKOHTPACTHOCTH, IMOJydaeMas C
Pa3HbIX YIJIOB, MIOCTYNAET B KOMIBLIOTEP, KOTOPLIi1 BLIMOJHAET MaTeMaTHYeC-
Kyl0 06pabGOTKy AaHHbIX. MITOroBbIM pe3y]bTaToM ABJadeTCA Lupposas pe-
KOHCTPYKIIMSA ITOJOXEHHUS U KOJIMYECTBAa PEHTI€HKOHTPACTHOTO MaTepHasa B
ntockocTH cpe3a. Ckanbl KT Biepsble mo3BoJMIM HEMHBa3UBHO U3YYUTh 00-
M€ XapaKTEePUCTUKU CEPOro U 6eJIoro BEUECTBA U MOJIOXKEHUE KETYAOUKOB
B )XMBOM MO3Te.

Xora KT Bce eme ncnojbsyeTcs JOCTATOYHO WIMPOKO, OHA IOCTENEHHO
YCTYIAaeT MECTO HOBOMY METOJY, Ha3bIBAEMOMY MAZHUMMHO-DE3OHAHCHOT moMozpa-
¢ueii (MPT). IlpeumymectBamu Metona MPT sBisieTcst TO, 4TO OH MO3BOJISET
MOJIy4YaTh ropa3fio 6oJiee MopoGHbIE U300 PAXKEHUS MO3ra, He TpebyeT peHTre-
HOBCKOTO 00JIy4€HUs U MO3BOJISET BHINOJIHATb CPE3bl B JII060I1 XelaeMOoi 1o
ckocty. MPT ucnoabsyeT nH¢pOpMaIUIoO O TOM, KaK aTOMbI BOJOPOJa B MO3Te
pearupyioT Ha KoJeGaH!s CHJIBHOTO MATHUTHOTO 1o (Bpe3ka 7.2). DiekTpo-
MarHUTHBIE CUTHAIbI, MCITyCKaeMble aTOMaMH, GUKCUPYIOTCSA CEThIO CEHCOPOB
BOKDYT TOJIOBbI, @ 3aT€M NEPEJAIOTCA HA MOUIHBII KOMIBIOTED, KOTOPBIil BbI-
cTpauBaeT KapTy mo3ra. Mndopmanusa us ckanos MPT MoxeT ncnosb3oBaThbes
JUISl CO3JlaHUs YPE3BbIYAITHO MOAPOGHOIT KAPTHHBI BCETO MO3Ta.

Jpyroe ucnonb3osanue MPT, HasbiBaeMoe dud@ysuonno-mensopros momo-
epagueii (JTT), no3BONSAET BU3YATU3UPOBATh KPYIHbIE NMYYKH aKCOHOB MO3ra.
CpaBHHIBas NIOJIOXEHHE aTOMOB BOAOPOJAa B MOJIEKYJAX BOJbl Yepe3 paBHbIE
IIPOMEXYTKH BPEMEHM, MOXHO U3MepuTh Auddysuio Boabl. Boga ckopee
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aucyHAMpYeT BAOJIbL MEMGPAH aKCOHOB, YEM CKBO3b HUX, Y 3TO pa3jInuue Uc-
HOJIb3YETCA JJIsl ONPEAEIeH)s aKCOHHBIX ITyYKOB, COEJMHSIOIMX Pa3/IMYHbIe
30HBI Mo3ra (puc. 7.9).

Puc. 7.9. Andchy3noHHO-TEeH30pHan BU3yanu3auusa Yenose4eckoro mo3ara. lMoka-
3aHa KOMNbIOTEPHAA PEKOHCTPYKUMA NYHKOB akCOHOB XXMBOrO YeJI0BE4ECKOro MO3ra B
60koBOM Npoekuun. MNepeaHni koHey — cnesa. Myykn akCoHOB 6bINn NCeBAOOKpaLLe-
Hbl B 3@aBUCMMOCTM OT Hanpasnexusa anddyaun soabl. (U3obpaxeHue npeaocTasun
Dr. Satrajit Ghosh, Massachusetts Institute of Technology)

®yHKUHOHaNbHAA BU3Yann3auus Mo3ra

KT u MPT 4pe3BbIuaifHO LI€HHBI JJis1 ONpPEJEIEHUsl CTPYKTYPHBIX U3MeHe-
HUI B )XMBOM MO3re, TAKUX KaK ONYyXOJIM MM OTEK MO3ra IoCJe 4YEPENHO-MO3-
roBoi TpaBmbl. TeM He MeHee GOJIbIIMHCTBO NPOLIECCOB B 3J0POBOM WJIM 6OJIb-
HOM MO3re MMEIOT 3JIEKTPUYECKYI0 U XHUMHUYECKYIO IPUPOAY U HE BUJHbBI NPU
NPOCTOM M3y4YEHUM aHaTOMMM Mo3ra. KakeTcs HeBEpOATHBIM, HO JaXe 3TH
CEKpeThbl HAUMHAIOT HaM OTKPbIBATbCSH C UCMOJIb30BAHUEM HOBEHIINX METOAUK
BU3yaIU3aL1H.



304  HeiipoHayku. Vccnenosanue Mosra

ElkleWe2lE Ha nepeHeM Kpae Hayku

MarHuTHO-pe3oHaHcHaa Tomorpadus

MarnurHo-pe3oHaHcHas Tomorpaghusi (MPT) — 370 MmeTofuka, nossonstoLlas
OonpeaensaTb KONMYECTBO KOHKPETHLIX aTOMOB B KOHKPETHbLIX ToYkax Tena. OHa ctana
Ba>HbIM MHCTPYMEHTOM HENPOYHEHbIX, NOTOMY YTO NO3BONAET HEMHBA3WBHO NONy4aThb
NoApo6HbIE N306PAXKEHNA HEPBHOM CUCTEMBI, B YACTHOCTW FONOBHOMO MO3ra.

B camoit pacnpocTtpareHHon hopme MPT BblMMCNAOTCA aTOMbl BOAOPOAA, Hanpw-
Mep B BOZE Y B XXMPOBOI TKaHN MO3ra. BakHbiM (onanyecknM hak ToM SBNSETCA TO, 4TO
NPV NOMELLEHNN aToMa BOAOPOAA B CUNbHOE MarHUTHOE Nofe ero aapo, CocTosLee
13 0HOrO NPOTOHA, MOXeET NpebbiBaTh B OQHOM W3 ABYX COCTOSAHWMIA: BbICOKOIHEPre-
TUYECKOM MMM HU3KO3HEpPreTn4yeckoM. 13-3a Toro, 4To B MO3re OrpoMHOE KONMYECTBO
aTOMOB BOAOPOAA, B KAXAOM M3 COCTOAHMM NpebbiBaeT 60NbLIOE X KONMYECTBO.

MmasHbiM B MPT aBnseTcs 3acTasunTb NPOTOHbI NEPEXOANTL U3 OAHOTO COCTORHMA
B Apyroe. QHeprua K NPOToHaM NpunaraeTcs nyTeM NponycKaHusa 3NeKTpoOMarHUTHbIX
BOMH (T.e. paanoBONH) Yepes ronosy, PacnonoXeHHyo Mexay AByMA 60nbLIMMKN Mar-
HuTamun. Korga pagrocurHan HaCTPOEH Ha HY>KHYK 4acToTy, NPOTOHbI B HU3KO3HEP-
reTU4eCKOM COCTOSHUM NOrNOLLAIOT 3HEPTMI0 CUrHana v NepexoasT B BbICOKO3HepPre-
TU4ecKoe COCTOAHME. HacToTa, C KOTOPO NPOTOHLI NOFMOLWWAIOT SHEPrUI0 CUrHana,
Ha3blBaeTCA pe30HaAHCHOM YacTOTOM (oTcioda Ha3saHne Metoaa). Koraa paguocurian
NPepbIBaeTCH, HEKOTOPbIE NPOTOHBLI BO3BPALLAIOTCH B HU3KO3HEPreTU4ECKOE COCTOR-
HWe, OAHOBPEMEHHO C 3TVM M3ny4as CBOW COBCTBEHHbIV paanocurHan onpeaeneHHomn
4acTOTbl. JTOT cUrHan OUKCUPYETCH NPUEMHMKOM. YeM cunbHee 3TOT curHan, Tem
6onbLUe aTOMOB BOAOPOAA NEXMUT Mexay NoNocamMm MarHmra.

Bocnonb30BaBLUMCH BbiLLEONMCAHHOW NPoLeaypo, Mbl NPOCTO n3mepsiem obLuee
KONM4eCTBO aTOMOB BOAOpoAa B ronose. OQHAKO Mbl MOXEM U3MEPATb KONMYECTBO
aTOMOB BOAOPOAA B Y3KOM MPOMEXYTKE MPOCTPAHCTBA, UCMONb3ys NpevMyllecTsa
TOro dhakTa, YTO YacToTa, C KOTOPOW NPOTOHBI BLICBOOOXAAIOT SHEPT IO, NPONOPUMO-
HanbHa BeNMYMHe MarHMTHoro nons. B annaparax MPT, ncnonb3yemsix B 60nbHMUAX,
BENMYMHA MArHWTHOrO NONA Pa3nMyHa y PasdHbIX MarHUTOB. OTO co3haeT NpocTpaH-
CTBEHHOE KOAMPOBaHWE PaAnOBONH, UCMYCKAEMbIX MPOTOHAMW: BbICOKO3HEpPreTniec-
KWIA CUrHan ncxoguT OT aToMOB BOAOPOAA BO3NE CUMBbHOrO MarHWTa, a HU3Ko3Hepre-
TUHECKUIA CUrHAN MCXOAUT OT aTOMOB BOAOPOAa Bo3ne 6onee cnaboro MarHura.

MocnegHuMm atanoM npouecca MPT aBnseTca HanpasneHve rpagveHTa MarHura
noA PasnuyHbIMM yrnamv No OTHOLLEHWIO K FONOBE W M3MEPEHNe Konu4ecTea BOAOPO-
fa. [ina BbINONHEHWA BCEX M3MEPEHWIA AN CTAHAAPTHOMO CKaHWPOBaHWA Mo3ra Tpe-
6yeTcs okono 15 MUHYT. 3aTem cnoXkHas KOMMbIOTepHaa NporpaMMa UCnonb3yeT Bce
fAaHHble M3MEPEHWI 1 CO3[aeT eamHoe n3obpaxkeHne B BUAE PUCYHKA, HA KOTOPOM
nokasaHo pacnpegenexHve aToMoB BOAOPOAA B ronose.

Ha puc. A noka3aHo n306paxeHne Mo3ra XXm1BOro Yenoseka B 6G0KOBOM MPOEKUMN.
Ha puc. b nokasaHo apyroe nsobpaxenne MPT, cpes yepes TkaHb Mo3ra. O6paturte
BHUMaHWe, Kak 4eTko pasnuyaeTtca 6enoe n cepoe BellecTBO. Takaa avddeperHum-
aums NO3BONSAET YBMAETL BNMSHWE AEMUNENMHN3MPYIOLLIMX 3aboneBaHuii Ha 6enoe Be-
wecTBoMo3ra. Ha MPT Takxxe B1UAHbI NOPaXeHWsa Mo3ra nNpy onyxonsx n Bocnanexuu,
MOTOMY YTO MPW 3TUX COCTORHUAX 0ObIYHO NOBLILLAETCA KONMYECTBO BOAbI B MEXKNE-
TOYHOM NPOCTPAaHCTBE.
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LleHTpanbHas Gopoana

Mo3xe4ok

Puc. A Puc. b

Ceifyac IIMPOKO UCNIOJb3YIOTCA ABE TEXHUKU PYHKIIMOHAILHOI1 BU3yaIn3a-
IIUU TOJIOBHOTO MO3Ta: NO3UM POHHO-IMUCCUONKAA momozpadus (IIDT) u dynryu-
OHANBHAL MAZHUMHO-pe3onancHas momozpagun (GMPT). XoTa UX TeXHUUYECKUe
MOoAPOGHOCTH U pa3jiMYaloTcs, 062 METOAA ONpEJessAIOT U3MEHEHUS peruo-
HAPHOTO KPOBOTOKA M MeTaGoIu3Ma Mo3ra (Bpeska 7.3). CaM npuMHIUI IPOCT.
AxTUBHBIE HEHPOHBI TPEGYIOT GOJIbIIE ITIOKO3bI U KucJopoaa. KposeHocHas
CHCTEMa MO3ra pearupyeT Ha aKTUBHOCTb HEHIDOHOB, HalpasJisis GoJiblle Kpo-
BU B aKTHBHbI€ 30HbI Mo3ra. TakuM o6pa3oM, onpejesas U3SMEHEHUS KPOBO-
Toka, [I9T u PMPT onpeznensioT 30HbI MO3ra, HauboJjiee aKTUBHbIE IIPU TeX
WM UHBIX YCJIOBUSX.

ITpopbIB B TeXHHKAaX BU3yaIM3aLUU AT HEHPOYYEHBIM SKCTPAOPIUHAPHYIO
BO3MOJXKHOCTbD 3arjIsIHYyTh B JKUBO, MBICAAIUI MO3T. TeM He MeHee MOHSATHO,
YTO CaMble M3OIIPEHHbIE€ TEXHUKH BU3YAIM3aLIM1 MO3ra 6eCroJIe3Hbl, eCJIU He
3HaTh, YTO C UX MOMOLIBIO UCKaTh. Teneppb JaBaiiTe paccMOTPHUM NOApPOGHee,
KaK yCTPOEH MO3T.
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nat v ¢MPT

[lo HepaBHero BpeMeHn Hepoy4eHbIe He MOrnM NOCMOTPETb, Kak paboTaeT MO3r.
OpHako ¢ M306peTEHNEM MO3UTPOHHO-OMUCCHOHHOV ToMorpachum (M3T) n goyHKumo-
HanbHOUM MarHUTHO-PE30HaHCHOV ToMmorpagum (oMPT) nossmnace BOSMOXHOCTb Ha-
6noaate U M3MepATb UBMEHEHWSE aKTUBHOCTU MO3ra, CBA3aHHOM C NNaHWPOBAHUEM U
BbINONHEHMEM TEX NN MHBIX 3a4ad.

M3T 6bina n3obpeteHa B 1970-x . AByMA rpynnamu n3nkos, oaHa — 13 BawumHr-
TOHCKOro yHuBepcuteTa, nog pykosoactsoMm M. M. Tep-lorocsHa n M. E. ®ennca,
BTOpas — mn3 KanudopHuickoro yrmsepcuteTa floc-AHgxeneca nog pykoBOACTBOM
L. X. Ho. Cama npoueaypa BecbMa NpocTa. PaanoakTvBHbI PacTBOP, COAep allmi
aToMbl, 3ny4vatoLme NO3UTPOHbI (NONOXKMTENBHO 3aPSHXKEHHBIE INEKTPOHbI), BBOAUTCA
B KPOBEHOCHOE pycno. Mo3nTpoHsI, BbldeNnsemMble N0 BCEMY KPOBOTOKY, B3auMOAEN-
CTBYIOT C 3nekTpoHamm, 06padys OTOHbI 3NEKTPOMAarHUTHOrO M3ny4enns. Pacnono-
XEHWe aToMOB, N3NyHaloLLMX NOIUTPOHLI, UKCUPYETCH AaT4ynKamMn, ynasnmsaoLmmm
doToHbl. OgHa 13 obnacTen ncnonb3osanua MNI3T sBNseTCA namepeHne metabonuye-
CKOW aKTMBHOCTU Mo3ra. B TexHuke, paspaboTtaHHoi JlyucoM COKONoBbIM U ero Kon-
neramn n3 HaumoHanbHOro MHCTUTYTa NCUXMHYECKOrO 340POBbSA, NO3UTPOH-MU3NY4Yato-
Lme n3oTonbl Topa UK KMCNopoaa NPUCoeamHSIOTCA K 2-ge3okcurniokose (2-A0).
PapwoaktueHasn 2- [ BBOAMTCA B KPOBOTOK M HAaNpaBnseTcs kK Mo3ry. Metabonuyecku
aKTVBHblE HEMPOHbI, UCMONb3YIOLWLME B HOPME MMIOKO3Y, 3axsatbiBaloT Takxe 2-[I.
2-[I" hocdhopunmpyetca dhepMeHTamm B HEMPOHe, 1 3Ta Moandunkauma He gaet 2-00
BbINTWN N3 HerpoHa. Taknm 06pa3oM, paagmoakTmeHas 2-[ HakanNMBaeTca B HEMPOHE,
a KONM4YeCTBO BbiAENAEMbIX MO3UTPOHOB YKa3biBAET Ha YPOBEHb METABONNYECKOW aK-
TMBHOCTW HEMPOHOB.

Mpw cTtaHgapTHOM npuMeHexun M3T ronosa NaumeHTa NoMeLlaeTcs B annapar,
OKPY>XEHHbIN gatymkamu (puc. A). C NOMOLLbIO KOMMLIOTEPHBLIX anropuTMOB OUK-
CUpYytoTCs BCE (POTOHLI (B pe3ynbTaTe n3ny4eHna no3nTpoHOB), AoCTUralowme gat-
4MKOB. JTa MHOoPMaLUMA NOIBONSAET BbIYUCNTL AaKTUBHOCTb PA3NNYHbIX NONYNALNA
HEeMPOHOB B Pa3HbIX 30Hax Mo3ra. ConocTaBneHne aTMx U3MepeHnii co3paeT n3ob-
pa)keHne KapTbl akTUBHOCTWU Mo3ra. iccneposarens Habnogaet 3a akTMBHOCTBLIO
MO3ra, B TO BPEMA Kak Uccnegyemblit BINONHAET 3aAa4n, HanpuMmep ABuraeT nanb-
ueM unu yutaet BCcnyx. PasHble 3apaqv akTMBM3MPYIOT pasdHble 30HbI MO3ra. [Ans
NONyYeHNs KapTWHbI aKTUBHOCTW, Bbi3biIBAEMOW ONpeaeneHHon NoBeAeHYeCKOon nmm
YMCTBEHHOWM 3aAa4en, NPUMEHSIOT TEXHMKMN BblquTaHusa. [laxe npu OTCyTCTBUM Nio-
6o ctumynaumm MNM3AT-n3obpaxeHne pukcupyeT 60NbLIOE KONMYECTBO akTUBHOCTH
mo3ra. 4106l co3paTte M306paXkeHne akTMBHOCTM MO3ra, BbiI3BaHHOM onpeaeneHHom
3afaqen, Takom kak NPOCMOTP dhoTorpadmii, 3Ty MOHOBYIO aKTUBHOCTL HEO6XOANMO
Bbl4ECTb (pwcC. B).

Xota MN3AT 1 okazanacb UEHHOW TEXHUKOW BM3yanu3aumm, oHa MMEET HEKOTOPbIe
orpaHuyenmns. 13-3a Toro, 4To NPOCTPAHCTBEHHOE paspeLleHne MeToAa cocTasnseT
5-10 MM3, Ha 1M306paxeHNax NOKa3bIBAETCA aKTUBHOCTb MHOXECTBA ThICAY KNETOK.
Kpome Toro, Ans codgaHna oaMHO4HOro ckaHa NAT TpebyeTtcs OT OAHOW A0 HECKONb-
KUX MUHYT. 37O, a Takxke 6eCnoKOoMCTBO O PagVOaKTUBHOM OONYy4EeHUW, OrpaHu4m-
BAET KOMMYECTBO CKaHOB, KOTOPbIE MOXXHO CHATb Y OQHOrO 4YenoBeka 3a pa3yMHbIV




Fnaea 7. CtpoeHue HepeHoit cuctemsl 307

NPOMEXYTOK BpeMeHM. [03TOMy 04eHb BaHbIM okasanuce paboTsl C. Orasa m3 fa-
6opatopuin benna, koTopble Nokasanu, 4To MPT-TEXHWKM MOTYT MCNONb30BaTbLCA ANA
NOKanbHOro onpeaeneHns M3MEeHeHU YPOBHS KUCNOPOAA, BOZHWMKAIOLLMX NPU aKTUB-
HOCTW MO3ra.

MeToa MPT ocHOBaH Ha TOM ABNEHWUW, YTO MarHUTHbIA PE30OHAHC MOMEKYN OK-
curemornobuHa (cbopma remMornobuHa, HacbILEHHAs KMCNOPOAOM) OTAnYaeTcs OT
MarHUTHOrO pe3oHaHca Monekyn ge3okcureMornobuHa (remornobuHa, He HecyLlero
kucnopoga). bonee akTMBHLIE 30HBI MO3ra NONy4aloT 6ONbLLE KPOBW, U 3Ta KPOBb OT-
faet eMmy cBoi kucnopod. Metoa dyHkuMoHansHoOM MPT BbISBNAET 30HbI NOBbILLIEH-
HO aKTMBHOCTW HEPOHOB MyTEM ONPEeAeneHns COOTHOLLEHWS OKcuremornobuHa K
pesokcuremornobuHy. OH cunTaeTcs MeTodoM Beibopa Ana (OyHKUMOHANbHOW BU3Y-
anu3aumm Mo3ra, NOTOMY HTO CKaHbl BbINOMHAOTCH 6bICTPO (50 MC), MMEIoT xopoLuee
NPOCTPaHCTBEHHOE pa3peluenne (3 Mm®) n 6e3BpeaHbl ANs 300P0BbA.

[leTtexTopsl
$oTOHOB

ManyyeHuve
no3uTpoHa

Puc. A. Npouenypa N3T. (Mcrounmk: Posner and Raichle, 1994, p. 61)

Crumynsums KoHTtponb Pasnnuns

Puc. b. Ckan NAT. (UcTounmk: Posner and Raichle, 1994, p. 65)
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3adanus 045 camoxonmpossn

CaenaiiTe nepepbiB U MPOBEPLTE, IPABUJILHO JIM Bbl YCBOMJIM 3HAYEHUSA CJie-
JYIOIUX TEPMUHOB.

IlenTpaibHaa HEpBHAsA CUCTEMA CHnMHHOMO3IrOBOI TaHIJINi1
(ITHC) Bucuepanbhas [ITHC
Mos3r AsToHOMHas HepBHas cuctema (AHC)
CnuHHOI MO3r AddepenTHbIN
ITonymapusa moara A¢ddepenTHbIit
Moaxeuok YepenHoii HepB
CrBoJa MO3ra Moarosbie 060J10YKH
CnMHHOMO3roBoOIi HEPB Tsepaas MO3rosas 060J104Ka
3azHuit KOpeuoK ITayTuHHasA MO3roBas 060J104Ka
Ilepeanuii Kopeuox Msrkas Mo3rosas 060J1049Ka
IMepudepnueckas HepBHas cuctemMa CnuHHOMO3roBas kuakocTb (CMIK)
(ITHC) JKenynouxosas cucrema

Comaruueckas [THC

NOHNMAHUE CTPYKTYPbI LIHC N 3TAMOB EE
PA3BUTUA

Bcsa ITHC npoucxoauT U3 CTEHOK TPYyOKH, 3allOTHEHHOM )XHUJKOCTBIO, KOTO-
pas GOpMHUPYETCS HA PAHHUX 3TaNaX 3MOPHUOHAILHOTO pa3BuTusd. BHyTpeHnHee
IPOCTPAHCTBO TPYOKH CTAHOBUTCS JKEJIYAOYKOBOM CHCTEMOI1 B 3PEJIOM MO3TeE.
ITosToMy, U3yyass U3BMEHEHUS 3TOI TPYOKU Ha pa3HbIX 3Tanax Pa3BUTHSA ILUIOJA,
Mbl MOX€EM IIOHSATD, KaK YCTPOEH MO3T U KaK B3aUMOJENUCTBYIOT pa3JInYHbIE €ro
yacTu. B 3TOM pasjesie Mbl pacCCMOTPUM pa3BUTHE MO3Tra, YTOODI JIydllle IOHATb
CTPYKTYPHYIO OpPraHU3alMIO MO3ra.

Pa36upas 3Ty riasy, Bbl BCTPETUTE MHOXXECTBO Ha3BaHUM, KOTOPbIMU aHa-
TOMBI Ha3bIBAIOT IPYIIbI CBI3aHHBIX HEPOHOB WM aKCOHOB. B Ta6in. 7.1 u 7.2
NIOKa3aHbl HEKOTOPbIE PAaCPOCTPAHEHHbIE HAa3BaHM S, ONMMCHIBAIOIUE TPYIIIIbI
HEHPOHOB U akcOHOB. [lepex TeM kak NPOAOKUTL YTEHUE, O3HAKOMBTECH C
3TUMHU T€PMUHAMMU.

Cama o ce6e Hayka aHATOMHSI MOXET [OKa3aThCs CYX0ii U ckyuyHoit. Ho oHa
0XUBAET, KOrJa Bbl HAUMHAETE MOHUMaTh (PYHKIMU pa3HbIX CTPYKTYp. B aToi1
IJIaBE BacC KAET KpaTKUH 0030P CTPYKTYpHO-(PYHKIIMOHAIbHBIX B3aUMOCBSA3EIL.
JTo JacT BaMobGLiee NOHATHE 006 UHAUBUYaJIbHOM U COBOKYITHOM POJIM pa3/ily-
Hpix yacTteit [ITHC B ¢pyHknmax mosra.
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Ipynnbl HepOHOB

Ha3BaHue

OnuncaHue n npumep

Cepoe
BeLlecTBO

Kopa

fiapo

Cy6cTaHuus

MatHo

Fanrnun

CobuparensHbii TepMUH AN 0603HAYEHNA COBOKYMHOCTEN Ten
HevipoHoB B LIHC. Mpu BCKPLITUM XXMBOrO MO3ra BUAHO, 4TO Herpo-
Hbl IMEIOT CepoBaTbIii LBET

JMo6as CoBOKYMHOCTb HEMPOHOB, 0OPa3YIOLLIMX TOHKWIA NUCT, 0BbIY-
HO Ha MOBEPXHOCTW MO3ra. Ha3sanwne NpomcxoauT OT nar. cortex.
Mpumep: kopa Mo3ra — CNOV HEMPOHOB, PACNONOXEHHBLIX HEMO-
CpeacTBEHHO Nof MOBEPXHOCTLIO MO3ra

YeTko pasnnymmas Macca HepoHoB, 0ObIMHO PACcMONOXeHHas B
rnybvHe Mo3ra (He nyTaTb C 8APOM KneTku). HazsaHwe nponcxoauT
OT nat. nucleus. NpuMep: narepasnbHoe KoneHYaroe 84p0 — rpyn-
na KNeTok B CTBOME MO3ra, NepeHanpasnaioLLmMx MHdopMaumio ot
rnasa kK Kope moara

lpynna B3anMOCBA3aHHbIX HEMPOHOB B rMy6uHE MO3ra, Ho C MeHee
pasnuyMMbIMK KOHTYpamu, YeM y sapa. MNpumMep: yepHasi cybcTaH-
yma — rpynna KneTok cTeona Moara, NpyHMMatoLLan y4actme B KOH-
TPONE NPOU3BONbHbLIX ABMKEHUA

ManeHbkas rpynna KneTtok ¢ 4eTkumu KoHTypamu. MNpumep: rony-
6oe nsTHO — rpynna KNeTok CTBoNa Mo3ra, MPUHMMAIoLLAs yyYacTue
B KOHTpONe 60APCTBOBAHUA M NOBEAEHYECKOM aKTUBHOCTU

CobpaHue HelipoHoB MHC. MpuMep: CrMHHOMO3r 0BOYI raHrni,
coaepxaLLunii Tena YyBCTBUTENbHLIX HEMPOHOB, aKCOHbLI KOTOPbIX
NPOHUKAIOT B CMMHHOWM MO3r Yepe3 3aaHne kopellku. B LIHC nuwb
ofHa rpynna HEMPOHOB MMEET Takoe Ha3BaHWe: 6a3a/IbHble raHr-
MM — CTPYKTYPbI, PACMONOXEHHbIE B rNyGuHe MO3ra 1 MpUHMMaLO-
LLMe y4acTne B KOHTPONE ABWKEHNIA

Ta6nuuya 7.2.

Ipynnbl akcoHoB

HasBaHune

Onucauve n npumep

Heps

Benoe Bewe-
cTBO

TpakT

My4ok akcoHos MHC. Jnwb ogHa coBokynHOCTb akcoHos LIHC Ha-
3bIBAETCS HEPBOM — 3PUTE/IbHBIN HEPB

O6wmin TepMuH ans onncanma akcoHos LIHC. Mpw pa3pese »uneoro
MO3ra BMHO, YTO aKCOHbI UMetoT 6enoBarbiii LiBeT

pynna akcoHos LIHC ¢ eanHbIM MECTOM Havana 1 OKOHYaHus.
Mpumep: KopTuKoCrIMHAaNbHbIV TPAKT, KOTOPbIA HAYMHAETCH B KOpe
MO3ra 1 3aKaH4MBaeTCs B CIMHHOM MO3re
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Oxonuanue maba. 7.2

HasBsaHue OnuncaHune n npumep

Myyok lpynna HeMpPOHOB, MPOXOAALLMX BMECTE, HO HeOOSA3aTEeNbHO UMe-
foLmx obLLee MECTO Havana n okoH4aHus. MNpumep: megmarsHbiv
repeaHemMo3roBovi My4oK, KOTOPbIA COeaAMHAET HENPOHbI, pa3bpo-
CaHHble Mo 60NbLLIOMY MO3ry U CTBONY MO3ra

Kancyna Mpynna akCoHOB, COeANHAIOLLIMX GOMNbLLIOM MO3M CO CTBOMOM MO3ra.
MpuMep: BHYTPEHHSIS Kancyna, CoeanHIoLLAan Kopy Mo3ra Co CTBO-
NOM Mo3ra

Komuccypa Jlio6as COBOKYMHOCTb HEMPOHOB, COEANHSIOLLMX OfHY CTOPOHY
(cnavika) moa3ra C apyrow

JlemHuck TpakT, npoxoaaLmii Yyepes3 Mo3r B BUAE NeHTbl. [Npumep: meguars-
HbIVi TEMHWUCK, KOTOPbIV HECET TaKTUNBHYIO MHGOPMaLMIO OT CANH-
HOro MO3ra Yepes CTBON Mo3ra

dopmupoBaHUe HEPBHOW TPY6KH

B camom Havae 5MOGPHOH NPEACTABIAET COOOM IIOCKUI ANCK U3 TPEX CIOEB
KJIETOK, Ha3bIBAEMBIX HJ0JEPMOM, ME30AEPMOIl U 3KTOAEpMOIl. B xoneunom
cyeTe sndodepma Ja€T HAYaIO BBICTUJIKE MHOTUX BHYTPEHHMX OpraHos. M3 me-
300ep Mbt. IPOUCXOJAT MBIIIIBI M KOCTH CKeJleTa. Bca HepBHasA cucTema u Koxa
IPOUCXOAAT U3 IKM00ep M.

Mgl Xe cOCpPeJOTOUMMCS Ha U3MEHEHUAX TOH YaCTU 3KTOAEPMBI, U3 KOTO-
po¥i IPOUCXOAUT HEPBHAA CUCTEMA, — Hepenou naacmunxu. Ha panneit ctagumn
(y yesoBeka — npuMepHO uyepe3 17 mHeil mocjie 3a4aTHs) MO3r IPEACTABJIECH
JIMIIb TUIOCKUM cJioeM K1eTok (puc. 7.10, a). CrexyiomyM HHTEPECHBIM COOBI-
THEM fIBJIETCA O6pa3OBaHUE HAa HEPBHOI IUIACTUHKE ILEIH, KOTOpas MpPOXo-
JUT B POCTPIbHO-KayAATbHOM HAIPABJEHUU U HA3BIBACTCS HEPEHBIM HCEAOOKOM
(puc. 7.10, 6). CTeHkH xeo0Ka Ha3bIBAIOTCS HepeHbLLMU 6AAUKAMU, OHU B JaJIb-
HelileM JABMXXYTCS HABCTpeuy APYT APYry ¥ B KOHEYHOM UTOTe CJIMBAIOTCS AOpP-
ca1bHO, 06pa3yst HepBHYIO Tpy6ky (puc. 7.10, 6). Bea yenmparvuan nepenas cuc-
mema passusaemcs us cmenox Heperotl mpybxu. ITocne caUsaHNA HEPBHBIX BAIUKOB
YacTb HEPBHOI 9KTO/IePMbI OTAEJISAETCA U paclosiaraeTcs 1o 60KkaM OT HEPBHOI
TPYGKH. DTa TKaHb Ha3bIBAETCS HEPBHBIM rpeGHeM (puc. 7.10, 2). Bee netiponst
nepupepuneckoi HepeHOU CUCTEMbL NPOUCX00AM OM HePEHbLX 2pebHel.

HepBsHblit rpe6GeHb pa3BUBa€TCA OUEHb 6JIM3KO OT MO JIeXKalIei! ME30AEePMBI,
KOTOpas Ha 3TO1 CTaAMM Pa3BUTHUA OGpa3yeT BhICTyNaoIMe GYTOpKU 10 GOKaM
OT HEPBHOI TPYOKH, Ha3blBaeMble comumamu. F13 aTux comutos B JanbHeimem
pa3BuBalOTCs 33 OTJAENbHBIX NO3BOHKA ITO3BOHOYHOIO CTOJIGA U CBA3aHHBIE C
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HHM CKeJIETHbI€ MbIIILbI. HOSTOMY HepBbI, HHHCPBHPYIOII[I/IC 3TH MbIIILbI, HA-
3bIBAIOTCA comamuyeckumu JBUraTeJIbHbIMHU HepBaMH.

PocTpanbHbii
KOHeL,

KaynanbHbliz
KoHell
- H HepsHbii  Heperwit HepeHas -+ ComuTsi HepBHblit HepaHast
Mea\onepma . nr?ggTHma:Ka Xenobok BanMK  TpyGka - / rpe6eHb Tpy6Ka

I

Puc. 7.10. ®opMupoBaH1e HepBHOW TPY6KU U HepPBHOIro rpe6Hs. Ha 3Tnx cxemaTu4eckunx
M306paXKeHMAX NoKasaHbl paHHWe CTaaun pasBUTUA HEPBHOW CUCTEMbI IMOpUOHa. Beepxy
nokasaH fopcanbHbliil BUA SMOGPUOHA, a BHU3Y NOKa3aH ero nonepeyHbiii paspes. (a) Mpo-
crevwas LIHC am6puoHa chopmupyeTcs B BUAE NNOCKOro nvcta aktoaepmel. (6) Mepsbim
BaXXHbIM 3TanoM pa3BuTUSA HEPBHOW CUCTEMBI ABNAETCA (DOPMUPOBAHWUE HEPBHOIO Xenob-
ka. (B) CTeHku xenobka, Ha3blBaemble HEPBHBIMW BanvukaMu, CONMXAOTCA U CNUBAIOTCA,
o6pa3yn HepeHyto Tpy6Ky. (r) HebonbLume KyCO4KU HEPBHOM 3KTOAEPMbI OTLLENNAIOTCA OT
TPy6KK, KOrAa Ta CMbIKaeTcs, U 06pasyloT HEepBHbIN rpebeHb, U3 KOTOPOro pas3BuMBaeTCA
MHC. CoMutbl — 3TO Me304epma, U3 KOTOpPO B AanbHerwem opMMpyeTcs OCHOBHAs
4aCTb CKENEeTHOW CUCTEMBI U MbILLILbI

(8) (r)

dHpoaepma  dkrtoaepma

ITpouecc, B Xo4e KOTOPOro HepBHas IUIACTMHKA CTAHOBUTCS HEPBHOM TPY6-
KOI, Ha3blBaeTCA Helipynsanueii. Helipyisauus y yesoBeka NpOUCXOAUT Ha Ca-
MOl paHHel CTaAuu pa3BUTHUsA — Ha 22 JeHb Nocje oIoAoTBOopeHus. Pacnpo-
CTPaHEHHBbIM BPOXJAEHHBbIM Je(EKTOM SABJISAETCS HAPyLIEeHHE 3aKPbITUS WU
HEMOJIHOE 3aKpbITHE HEPBHOI TPyOku. K cyacTbio, HeJlaBHUE MCCIIEJOBAHUS
MOKa3a1, YTO B GOJbIIMHCTBE CJOy4aeB Ae(EKTOB 3aKPbITUsI HEPBHOI TPYOKHU
MOXHO U36eXaTb, 06eCIEeUYNB MATEPH [TOJTHOLIEHHOE IUTAHUE B 3TOM [TIEPUOJIE
(Bpe3ka 7.4).
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0,180 Mm

Puc. A. Ckanvpyiowas anek-
TPOHHAA  MukpodpoTorpacms
Hevipynauun. (MctodHmk: Smith
and Schoenwolf, 1997)

RIERTCWE I JTO UHTEPECHO

Mutanue u HepBHas Tpybka

dopMmpoBaHe HEPBHOW TPYOKM — KPUTUHECKM BaxKHOe CoOblTve B passvTum
HEPBHOW CUCTEMblI — MPOUCXOAUT PaHO, BCEro CNycTs TPW Hefenu nocne onnofo-
TBOPEHUS, KOrAa MaTb MOXET elle He 3HaTb O cBoel 6epemeHHOCTU. HapyweHue
L[OMKHOrO 3aKPbITUA HEPBHOM TPYOKN — pacnpOCTPaHEHHbI BPOXAEHHbIN AedeKT u

BCTpPe4YaeTcs NPMonNM3nTensHo y 0aHoro 13 500 xun-
BbIX HOBOPOXAEHHbIX.

HepnasHee OTKpbITUE, UMEIOLLIEE OrpoMHoe O6-
LLeCTBEHHOE 3Ha4eHne, COCTOUT B TOM, YTO MHO-
rme cny4am fedexkTos HepBHOW TPYOKWN CBA3aHbI C
HexXBaTKOW B paunoHe matepun ¢bomMeBow KUCOTb!
(vnn gponara) B Te4eHe NepBbIX Heaenb Nocne 3a-
Yyatna. bbino ycTtaHosneHo, 4TO npuem onmMesown
KWUCNOTbI B BUAE NULEeBoin Aobasky B 3TOM nepuoae
CHWKAEeT BEPOATHOCTb BO3HWUKHOBEHMSA AedEKTOB
HepBHOM TPYOKKM Ha 90%.

O6pasoBaHve HepeHO Tpybknm — npouecc
CNoXHblit (puc. A). OH 3aBUCUT M OT TOYHOWM Nocne-
[0BaTENBHOCTW M3MEHEHWUIA TDEXMEPHOW CTPYKTYPbI
KNeToK 0CO6W, 1 OT U3MEHEHWIN aare3nm KNeTok apyr
K apyry. Bpems Henpynauum Takxe AO0MKHO YETKO
KOOPAVHMPOBATLCA C OAHOBPEMEHHBIMU N3MEHEHW-
AMU KOXXHOWM 3KTOAEPMbl M Me3odepMbl. Ha Moneky-
NAPHOM YPOBHE YCMNELWHOCTb HempynaumMm 3asucut
OT cneumdu4eckor nocneaoeaTensHOCTH 3KCnpec-
CWM rEeHOB, KOTOPas KOHTPONMPYETCS, B YaCTHOCTY,
NONOXEHNEM W NOKaNbHLIM XUMUYECKUM OKPYXKEHW-
eM KneTkn. HeyamsutensHo, Y4TO 3TOT NPOLECC BECb-
Ma YyBCTBUTENEH K XMMUYECKMM BELLEeCTBaM (MNu K
VX enumnTy) B MaTEPUHCKOM KPOBW.

CnusHne HepBHbIX BanMKoB C 06pa3oBaHVEM
HepBHOM TPYOKM MPOUCXOAMT CHadYana nocepeaw-
He, a 3aTem cnepeam u c3agm (puc. b). Hapywenne
nepenHero 3akpbiTA HepPBHOM TPYyOKM HalblBaeTcA
aHsHUegameri. ITo0 COCTOSHUE XapaKTepuayeTcs
[ereHepauvert nepegHero Mo3ara v 4epena v scerga
netanbHO. HapylleHvne 3agHero 3akpbiTvs HEPBHOM
TPY6KM NPUBOAMT K COCTOSIHWIO, Ha3blBaeMOMY pac-
LjennieHnemM no3BoHO4HMKA (spina bifida). B cambix
TSXKENbIX CNy4Yaax pacllenneHne no3BOHOYHMKA Xa-
paKTepuayeTcs HapyLuernem hopMMPOBaHNSA 3aAHUX
0TOenoB CMMHHOrO Mo3ra 13 HepsHOW TPyOkW. B Me-
Hee TKenbIX Cny4anx paclienneHne No3BOHOYHMKA
XapakrepuayeTca aedeKtaMm Mo3rosbIx 060N04eK U
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AYXXEK MO3BOHKOB Hafl 3afHVMMM OTAENaMm1 CMIMHHOTO MOara. PacuuenneHme No3BoHOM-
HUKA XOTb M HE CMEPTENBHOE COCTOAHME, HO TPEByeT BCECTOPOHHENO 1 A0POrOCTOALLE-
ro MEAMUMHCKOrO yXofa.

PocTpasibHbiit 22 AHs 23 pHA
KOHeLL g
—-
KaynanbHblit
(a) KOHeL,

.- St

(6) Hopma AH3aHUuedanus PacLuenneHne no3BOHOYHMKA
Puc. b. (a) 3akpbiTne HepBHOW Tpy6kU. (6) [ledbekTbl HepBHOM TPYOKM

®donnesas KNCNOTa KpanHe BaXKHa BO MHOMMX METaboNNYeCKNX Lenax opraHnama,
BkMoyas cnHtTesd [JHK, KOTOpbIN B €CTECTBEHHbLIX YCNOBMAX NMPOUCXOANT B OCHOBHOM
BO BpEMS IeNeHna KNeTok Ha aTane passutna. XoTa HaM eLle TOYHO HEU3BECTHO, Mo-
Yemy aedmumt hoNMeBON KMCNOTLI NOBLILLAET BEPOSTHOCTL BOSHMKHOBEHWUA Aedhek-
TOB HEPBHOM TPYOKW, HO Bbl y>KEe NPeACTaBNaeTe, Kak OHa BNMSET Ha BECb NPOLECC
Henpynauum B LenoM. HaseaHue K1cnoTel NPOUCXOAWUT OT NAaTMHCKOro Cnosa, O3Ha-
Yatowlero “nuct”. MNpuynHa Takoro Ha3BaHWsa B TOM, YTO BnepBble honnesas kucnota
6bina BblAeNeHa n3 NUCTbEeB WNnHaTa. NoMMMO 3eneHbIX OBOLLER, XOPOLLMMM NCTOY-
HUKamm hOnNMeBON KMCNOTbI B pauUmMOHE IBNAOTCA NEYEHb, APOXOKN, aua, 60608bIE K
anenbCuHbl. Cetvyac MHOMmMe 3NakoBble 3aBTPaKW MCKYCCTBEHHO oborawlatoTes honm-
€BOW KUCNoTon. HecMoTps Ha 310, ynoTpebneHve honmeBol KUCNOTsl CpeaHecTaTu-
CTUYECKMM amepuKaHLEM COCTaBNaeT NuLLb NONOBUHY A03bl, PEKOMEHAOBAHHOM ANs
npenoTepaLlenns aHomanuii passmtma (0,4 Mr/aeHb). LieHTp koHTpons 3abonesaHui
CLUA pekoMeHOyeT XeHLmHaM ynoTpebnate NonuemMTaMuHbl, coaepxxawme 0,4 mr
ONMeBon KNCNOTLI A0 NNAHMPOBaHWA 6epEMEHHOCTW.
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Tpu nepBUYHbIX MO3roBbIX NY3bIPA

IIpouecc B pa3BUTUM OPraHU3Ma, KOT/Jla €ro CTPYKTYPhl YCIOXHSAIOTCA U Ha-
YMHAIOT CNENMaJU3UPOBAThCA MO (YHKIMAM, HasbiBaeTca AuddepeHuanu-
eii. [IepsbiM 3Tanom audgdepernany Mo3ra ABJseTcs pa3BUTHE Ha pOCTPalb-
HOM KOHII€ HEPBHOH TPyOKHM TpEX yTOJIIEHWH, Ha3blBAEMbIX NEPBUYHBIMU
ny3bIpsaMu (puc. 7.11). Torosnoii mosz noanocmsio npoucxooum us mpex nepeuunvLx
nysvupeti nepenotl mpybru.

PocTpanbHblii
KOHel,

\— Mpo3aHuedanoH,

NNV NepeaHniA Mo3r

Me3saHuedanoH,
WAn cpeaHuiA Mo3r

Pomb6aHuedanoH,
NN 3aHUIA MO3r

KaynanbHbiit
KOHeL,

Puc. 7.11. Tpn nepBU4HbIX MO3roBbIX Ny3bIPA. POCTpanbHbIA KOHEL, HepB-
HOW TpY6Ku AndhdbepeHumpyeTcs, 06pasys Tpy NepBUHHLIX MO3rOBbIX Ny3bIPS,
13 KOTOPbIX pa3BMBaETCA BECb rONOBHON MO3r. Ha puc. — sug ceepxy; Mo3-
roBbl€ Ny3blpy pacceyeHbl ropU3oHTaNbHO, NOKa3biBan BUA HEPBHOW TPYOKU
U3HYTPU

CaMmbli poCTpabHbIi NMy3bIph Ha3bIBAETCA npossnyeparonom. Ha rpeueckom
pro3nauut “nepen’, a encephalon — “moar”. [IoaToMy po3aHIledaTIOH Ha3bIBAIOT
TaKXxe MepeIHNM MO3ToM. 3a epeHUM MO3TOM PACIIONIOXKEH JPYroii My3bIpb,
Ha3bIBAEMbIiT Me3anyedaronom, U cpeaHum mosrom. Eme xaymanpuee pacro-
JIOXEH pombIKyedaron, VI 3aHMiA MO3T. 3aJHUIT MO3T COETUHAETCS C OCTATb-
HOI HEPBHOMH TPYOKOIi, U3 KOTOPOI1 NPONUCXOAUT CIIMHHOI MOST.

AudcddepeHumnauun nepegHero Mo3ra

CamMble BaxXxHbl€ UBMEHEHHUS IPOUCXOAAT B lepeJHEM MO3re, I'Zie 10 06e CTOo-
POHBI OT PO33HIIE(ATOHA OTXOJAT [jBa BTOPUYHBIX MO3TrOBBIX Iy3bips. K BTO-
PUYHBIM NY3bIPSAM OTHOCSTCSL 3pumesvhole Ny3dipu U KOHEUHOMO3206ble NY3bLPU.
LlenTpasbHas CTPYKTYpa, OCTAIOMASACSA IIOCJIE OTBETBIEHUS BTOPUYHbBIX MYy3bl-
peit, Ha3bIBaeTCs AMIHIe(PATOHOM, NI IIPOMEXYTOYHBIM MO3roM (puc. 7.12).
Taxkum o6pa3oM, Ha 3TOi CTaAUM NIEPEAHMIT MO3T COCTOUT U3 [IBYX 3pUTEbHBIX
Iy3bIpeii, 1ByX KOHEYHOMO3TOBbIX Iy3bIp€Eil U IPOMEXYTOYHOrO MO3ra.
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|

L

S | Mysblpn koHE4HOrO

S | Mosra

Z | MpomexyTouHbIit MO3T

) i Lo ik if
S | 3putenbHbie nyssipu // N\~
O A .

CpepHuit Mo3r —— . /

3aHuii Mo3r

Puc. 7.12. BropuyHble MO3roBble Ny3bipu nepegHero mo3lra. MNepeHuin
MO3r avddepeHuMpyeTca Ha NapHble KOHEYHOMOS3roBble U 3pUTeNbHble Ny-
3bIpY ¥ NPOMEXYTOUHbIN MO3r. U3 3puTenbHbIX Ny3bipei pa3susaloTCa rnasa

3puTenbHble My3bIPU PACTYT U YLIYGAAIOTCSA, NPEBPamasch B 3pUTEIbHbIE
CTe6/IM U 3PUTEJIbHbIE YAIlEUKH, KOTOPble B KOHEUHOM UTOTE CTaHYT 3puments-
HOMU Hepeamu U cemuamkamu y pasBuBLIerocs opranuama (puc. 7.13). Heo6xo-
JUMO IOHMMAaTh, YTO CETYAaTKa Ha 3aJHeEil CTeHKe IIa3a U 3pUTEJIbHbII1 HepB,
COEIUHSAIONUIT aKCOHbI CETYATKHU C IPOMEXYTOYHBIM U CPEXHUM MO3IOM, SBJIS-
I0OTCA 3JIeMeHTaMu Mo3ra, a He J[THC.

MoBepXHOCTbL Cpesa

3PUTENBHON YaLLIEYKM \ $

3puTenbHbIi
cTebenb

nOBerHOCTb cpesa CTeHKn
NPOMEXYTO4YHOIro Mo3ra

Puc. 7.13. HayanbHbliA 3Tan pa3BUTUA rna3Horo A61okKa. 3putenbHbli ny-
3blpb AndepeHUMpPYETCA Ha 3pUTENBbHLIN CTEGENb N 3PUTENBHYIO Yalleuky.
Crebenb CTaHOBUTCA 3pUTESIbHbIM HEPBOM, @ Yalleyka — CeTHaTKon

AndcddepeHunaumua KOHeYHOro U NPOMEeXXYTOYHOro
Mo3ra

KoneuHoMo3roBele mysbipu BMecTe OOpasyloT TeeledgaloH, WM KOHeY-
HBIIf MO3T, COCTOAIMIT U3 ABYX noJaymapuii. Jlajee KOHEUHBIH MO3T IPOROJ-
XaeT pa3BUBaTbCA B 4eTbIpex HampabieHusax. (1) Koneunomosrosblie my3bl-
PY paspacTaioTCs Hasaj, OXBaThIBas CBEPXY M MO GOKAM IPOMEXYTOYHBIii
mo3r (puc. 7.14, a). (2) Jpyras napa BTOPUYHBIX Iy3bIDbKOB OTXOAUT OT
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BEHTPAILHOI MOBEPXHOCTHU MOJIYIIApHii MO3Ta, JaBas HA4yalo 0GOHATE TbHBIM
JIYKOBHIIAaM ¥ IPOYMM CTPYKTYpPaM, NPUHUMAIOIUM y4acTHE B UyBCTBE OGOHS-
Hus (puc. 7.14, 6). (3) KreTkn cTeHOK KOHEYHOro Mo3ra JeJsaTcs U auddepeH-
LUPYIOTCA HA Pa3JM4YHble CTPYKTYphl. (4) PasBuBaloTcs cUCcTeMbI 6€JI0TO Bele-
CTBa, HECYI}E aKCOHBI K HefipPOHaM KOHEYHOrO MO3ra M OT HUX.

KoHeYHbI Mo3r [LopcansHo
(aBa nonywapusi 6onbLLOro MO3ra)

PoctpanbH
PocTpansHo /\ KaynanbHo
| y ) ;

/ ) BeHTpanbHo

Monywapwus
o Moara

MPOMEXYTOHbIN
Mo3r

CpeaHmit Moar X |/ : n
. 3 ﬂpome)«yToquM) .
3aHuin Mo3r Mo3r
KaypaneHo 3putenshble  OGOHATENbHbIE
(a) Lnddeperumaumns (6) yaleukm NYKOBULLbI

Puc. 7.14. QuchbchepeHumaumns KoHe4Horo mo3ra. (a) Mo Mepe pa3suTUA NonyLwapms Mo3-
ra yBenuuMBaloTCs Ha3ag W B CTOPOHbI, OKyTbIBas NPOMEXYTOYHbIA Mo3r. (6) Mo oaHow
06OHATENBHOW NYKOBULIE OTXOAUT OT BEHTPASIbHON NOBEPXHOCTU KAXA0ro KOHEYHOMO3ro-
BOro Ny3bIps

Ha puc. 7.15 nokasan kopoHapHbIil (BEHEUHBIIT) Cpe3 NPUMUTHBHOTO MO3Ta
MJeKOnUTaomux. Buano, kak auddgepeHnupyioTcs U B3auMOJEHCTBYIOT pas-
JIMYHBIE YaCTH KOHEYHOTO M NMPOMEXyTOuHOro mosra. O6paTure BHUMaHMUE,
YTO JiBa NOJyllapus KOHEYHOTO MO3Ta pacIlOJIOXKEHbI CBEPXY U MO GOKaM OT
IIPOMEXYTOUYHOI'O MO3Ta M 4TO BEHTpPaJbHO-ME€JHaTbHbIE TIOBEPXHOCTH IIOJY-
IApUIi CIMBAIOTCS C JIaAT€PAIbHBIMUI IIOBEPXHOCTAMH IIPOMEXYTOYHOTO MO3ra
(puc. 7.15, a).

IMosple mMpoCTpaHCTBA B MOJYIIAPUAX MO3ra, 3aIlOJHEHHbIE JKUAKOCTHIO,
Ha3bIBAIOTCS GOKOBBIMM JXKeJTYJ09KaMM, a IOJOCTb NPOMEXYTOYHOTO MO3ra
HA3bIBAETCS TPETHUM XeJyA0IKoM (puc. 7.15, 6). ITapHble GOKOBbBIE XeTyn09-
KU SIBJISIIOTCS] KJIIOYEBBIMM OPMEHTHPAMH B MO3Te B3POCJIBIX: €CJIM Bbl BUJUTE
Ha cpe3e Mo3ra napHble MOJIOCTH, 3all0JTHEHHbIE XUJIKOCTbIO, 3HaiiTe, UTO X
OKpYXaeT TKaHb KOHEYHOro Mo3ra. JUIMHHBII1 e 1eBUAHbII TPETHI1 XKeTyaoueK
TaKXe ABJIAETCH HaJleXKHbIM OPHEHTHPOM JUIsl ONlpeJie/IeHHs IPOMEXYTOYHOTO
Mo3ra.

O6paTuTe BHUMaHUE, YTO CTEHKH KOHEYHOMO3TOBBIX Iy3bIpeil BBINIAAST
pa3gyTeIMH, B CBS3U C mpoJudepanueil HeiipoHoB (puc. 7.15). Tu Heiipo-
HbI 06pa3yloT /iBa pa3JHYHbIX THUIIA CEPOrO BEIECTBA KOHEUYHOrO MO3ra, KOPy
MO3ra 4 OCHOBaHMe KOHe9HOro Mo3ra. [Togo6GHbIM 06pa3oM Ha JBe CTPYKTY-
pbl audepeHupyeTcs U NPOMEXYTOUHBI MO3I: TalaMyC U THIOTaJIaMycC
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(puc. 7.15, 6). B ny6uHe nepeaHero Mo3ra pacIoJIOXUIICH TaJaMyc, TOJIyYHB-
WK CBOE Ha3BaHUE OT TPEYECKOTrO CJI0BA “BHYTPEHHAA Kamepa.

OT HeifpOHOB Pa3BUBAIOIIETOCs IIEPEJIHETO MO3Ta OTXOAAT aKCOHbI, CBA3bIBA-
IOIIME UX C IPYTMMH OTAEJaMU HEPBHON CHUCTEMbl. TH aKCOHbI OObEIMHAIOTCH,
06pasyss TpY OCHOBHbIE CUCTEMbI GEJIOTO BENIECTBA: KOPKOBOE G€JI0€ BEMECTBO,
MO30JIMCTOE TeJIO U BHYTPEeHH:As Karcysa (puc. 7.15, ). Kopkosoe Geoe Bele-
CTBO COJIEPKUT aKCOHBI, CJIEAYIOIME K HEPOHAM KOpbI MO3ra 1 oT HuX. Mo3om-
CTOe TeJIO ABJIAETCS IPOAOIKEHNEM GEJIOTO BEMIECTBA KOPbI U CJIYXKUT aKCOHHbIM
MOCTOM, COEIMHSIONINM HEHPOHbI KOPbI ABYX NOJIylIapHii Mo3ra. besioe BemecTso
KOpBI TaKKe ABJIAETCS NPOAOKEHIEM BHYTpEeHHeH KalCy/Ibl, KOTOpas COeAUHSA-
€T HEIPOHbI KOPbI MO3ra CO CTBOJIOM MO3Ta, B YACTHOCTH C TJIAMYCOM.

KoHe4HbIn Mo3r

Kopa mosra
Tanamyc

lvnoTtanamyc

OcHoBaHue
KOHEYHOro Mo3ra

(8) CTPYKTYpbI CEporo sewecrsa

Mosonucroe
Bokosble EN0
Xenyao4ku Kopkosoe
Tpetuin 6enoe BelLeCTBO (
Xenynodek BHYTpEHHs IS ____ -
. kancyna .
(6) XKenynouku (r) CTpyKTypbl 6enoro sewecTsa

Puc. 7.15. CTPYKTYypHble XxapaKTepucTUKU nepeaHero mo3sra. (a) KopoHapHoe ceye-
HWe Yepe3 NPYUMUTUBHLIN NEPeaHUIA MO3T, BUAHbLI ABa OCHOBHbLIX OTAENA; KOHEYHbI MO3r
1 NPOMEXYTOYHbIM MO3r. (6) XKenyaouku nepefHero moara. (B) Cepoe sewiecTso nepea-
Hero moagra. (r) CTpykTypbl 6€n0ro BewecTsa nepeaHero Moara

CooTHoweHue “cTPYKTypa-hyHKuuA” B nepeHeM Mo3re

Iepeanuit MO3r ABIAETCA 06JACTHIO BOCIPUATUSA, CO3HAHUSA, MbIILIEHUS U
1ieJIeHanpaBJIeHHbIX AeHcTBUil. Bce 3To BO3MOXHO 6J1arogaps OGIIMPHBIM B3a-
HMMOCBA35IM MEXJAY YYBCTBUTEJbHBIMH U ABUTaTEIbHBIMM HEpPOHAMU CTBOJA
MO3ra ¥ CIMHHOTO MO3ra.

IMoxanyii, BaxHelel CTPpYKTYpoit epeHero Mo3ra ABJISeTCA KOpa MO3ra.
Kax MbI y3HaeM 1noaxe, Kopa sIBJIS€TCA CTPYKTYpOii, ZOCTUTIIE( MaKCUMaJIbHO-
ro pa3BUTHS Ha dTaIle 3BOJIIOLMHU YejoBeka. HellpoHBI KOpbI IPHHUMAIOT YYB-
CTBUTEJIbHYIO HHGOPMALUIO, GOPMUPYIOT BOCIPUATHE OKPYXXAIOIIETO MUPa U
PYKOBOASAT OCO3HAHHBIMU JABHXEHUAMM.
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Heiiponbl 060HATENLHON JIYKOBHUII NPUHUMAIOT HMHQOpPMaLMIO OT Kie-
TOK, YYBCTBUTEJBHBIX K XMMUYECKUM BEIECTBAM (3amIaxaM) B IIOJOCTU HOCA,
U MepefanT MHGOPMALUIO KayAATbHO B ONPe/ieJIEeHHbIE YaCTH KOPbI MO3ra A/
JanbHeimero aHam3a. Ingopmanus oT mia3, yiei ¥ KOXH TakKe IOCTyNaeT B
KOpy MO3ra [l aHa1u3a. TeM He MeHee Bce YyBCTBUTEIbHBIE IIyTH, OOCTyXUBa-
IOLIME 3peHHe, CJYX U COMAaTHYECKYIO YyBCTBUTENbHOCTDb, IPOXOAAT Yepe3 Tala-
MyC Ha CBOEM NyTH K Kope Mo3ra. [IoaToMy TalaMyc 4acTO Ha3blBalOT BpaTaMHU
KOpbI MO3ra (puc. 7.16).

AKCOHBI HEIIPOHOB TajlaMyca NPOXOJAAT B COCTaBe BHyTpeHHell kancybl. Kak
IPaBUJIO, aKCOHbI KaX/OH BHYTPEHHEH KaICyJbl HECYT B KOPY MH(OPMAIUIO
O MPOTHUBOIOJIOXKHOI CTOPOHEe Tesa. Takum 06pa3oM, ecau Bbl HACTYNUTE Ha
KaHLIEJIAPCKYIO KHOIIKY 7pagoi HOToit, uH¢GOpMaLus 06 3TOM HAIIPABUTCS A€6bIM
TalaMyCOM II0 aKCOHaM .1¢80t BHyTPEHHEH KaICyJibl B KOPY 66020 MOJylIapus
Mo3ra. Ho oTkyza mpaBas Hora 3HaeT, 4To AejaeT jeBasn? J[ns 3Toro HaaxeHa
CBA3b MEX Y OJYIIAPUAMU 110 aKCOHAM MO30JIMCTOTrO TeJa.

AKCOHBI HEPOHOB KOPbI TaKX€ INPOXOJAT Yepe3 BHYTPEHHIOKO KaICyly K
cTBOJy MO3ra. HekoTopble KOPKOBbIE aKCOHBI CJIEAYIOT HANPAMYIO K CIUHHOMY
MO3Ty, 06pa3ysi KOPTUKOCIUHANbHBIA TPAaKT — OJUH U3 BAXXHEUIIMX IyTeil, Mo
KOTOPOMY MO3T YIpaBiseT LieJeHa-
IpaBJ€HHBIMU ABMXeHUAMU. JIpyroii
IIyTh IPOXOJUT, NEPEKIIOYAACH B HElI-
PpOHax 6a3a1bHbIX FAHIVIMEB — CKOILIE-
HUI KJI€TOK B OCHOBAHUU KOHEUYHOTO
mo3ra. TepMuH 6asaavHoiti UCIIONb-
3yeTcsl Uil ONMCAaHUS CTPYKTYP,
PacCIIONIOXKEHHBIX B IIyGMHE MO3ra,
a 6GasanbHbIE FAHIIMM KaK pa3 U pac-
T10JIOXE€HbI B TOJIIE 60JIbIIOrO MO3ra.
®ynkiuu 6a3a1bHbIX TaHIINEB MOKA
€1260 U3Y4EHbI, HO TOYHO U3BECTHO,
YTO TIOBpEXJEHHE 3TUX CTPYKTYp
OPUBOJUT K IIOTEPE CIOCOGHOCTU
BBINOJIHATb OCO3HAHHbIE JBHXEHUS.
Takxe B OCHOBAHMM KOHEYHOTO MO3-

Kopa

/Moara

@
L/Tanawlyc

g
t e
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Puc. 7.16. Tanamyc: Bpata Kopbl Mo3ra.
YysCTBUTENbHBIE NYTU OT FNas, yLwen u Koxv
nepekNioHaloTca B Tanamyce nepeq Tem, Kak
3aBepwmnTLCA B KOope Moara. CTpenku ykasbl-
BAIOT HanpaBssieHVe nepea4m MHgopmauum

ra IpUCYTCTBYIOT APyrue CTPYKTYpBI,
BIMSAIONIME HA MpOYMEe PYHKIUU MO3-
ra, HalpuMep MUHOAAUHA — CTPYKTY-
Pa, KOTOPOif NPUMNMCHIBAIOT y4yacTHE
B BO3BHMKHOBEHMHM CTpaxa ¥ 3MOLMIA.
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3adanus 0as camoxoHmpoasn

Huxe npeacraBieHbl CTPYKTYpbI, IPOUCXOAAIIME U3 TIEPETHETO MO3Tra.
Y6eauTech, 4TO Bbl IPaBUJILHO IIOHUMAeTe 3HaYEHHUs BCEX II€PEUNCIIEHHBIX
TEPMUHOB.

IIepBuaneblii my3pipe  BTOpHYHBIIA My3BIPH CtpykTyphI 3pesoro
Mo3ra
ITepeanuit Mmoar 3puTebHbIif My3bIPb CeTuyaTka
(nposanuedanoH) 3puTenbHbIil HEPB
Tanamyc (npomexyTod-  JlOpCaIbHBIN TaIaMyC
HBIi1 MO3T) Tunoranamyc
TpeTnii xenynoyex

Koneunslit MO3r OGoHsTeIbHAsA TyKOBULIA
Kopa mosra
OcHOBaHME KOHEYHOTO
Mo3ra
Mo3somcToe Tesno
Besoe BemecTBO KOpBI
BayTpennsas kancysia

HecMoTps Ha To 4TO rumoTanaMyc pacHoyIOXKeH HUXeE Tajaamyca, GyHKLU-
OHAJIbHO OH 60JIee TECHO CBSI3aH C ONpeJie/IEHHbIMU CTPYKTYpPaMU KOHEYHOTO
Mo3ra, TAKUMH KaK MUHJalIiHa. [MnoTaramMyc BbINOJHAET MHOTHE IPUMUTHB-
Hble (PYHKIUH, TIO3TOMY OH HE 0COG0 U3MEHMJICS 32 BPEMS 3BOJIIOLIMU MJIEKO-
nuTaomux. Ho “npuMuTHBHBIE” He 3HAYUT HEBAXHBIE WM HEUHTEPECHBIE.
[unoTasaMyc KOHTPOJHMPYET BUCLEPAIbHYIO (aBTOHOMHYIO) HEPBHYIO CHCTe-
My, KOTOpasi PeryJupyeT TejleCHble PYHKIUU B 3aBUCUMOCTH OT NOTPeGHOC-
Teit opranuaMa. HanpuMep, korja Bbl [I0NafiaeTe B ONACHYIO CUTYaLHIO, FUIIO-
TaJlaMyC JjlaeT BHYTPEHHUM OpraHaM KOMaHJy 3allyCTUTh peakuHio “6eil uin
6eru”. [Tomumo npouux 3¢ ¢exkTos, KoMaHAbl runoTtatamyca k AHC npusoast
K yYallleHUIO cepALeGrUeH s, MOBbIIIEHUI0 KPOBOTOKA B MBIIIIAX I no6era
Y Jla’ke K MOJHATHIO BOJOCKOB KOHeuHocTeil. 1 Hao60poT, Korja Bbl JIEXKUTE
IocJjie IJIOTHOTO BOCKPECHOTO 3aBTpakKa, FMIOTajlaMyc 6Jarojapsi CUTHalIaM
u3 AHC nonyyaer undopmanuio, 4To MO3r XOpOWIO CHAaGXaeTcs, U 3TO, B
CBOIO OYepe /b, MPUBEJET K YCUJIEHUIO NIEPUCTAILTUKU (IepeMeIeHHIo MaTe-
pHaa o NUIEBApUTEIbHOMY TPAaKTy) U I€pEHANPaBIECHUIO KPOBH K ITHILEBa-
pUTEJNbHOMI cucTeMe. [UNoTaTaMyc Takke UrpaeT KJIIOYeBYIO pOJib B MOTHBa-
1M XUBOTHBIX K IIOUCKY €/ibl, BOJbI M NAPTHEPOB A cnapuBaHus. [ToMmumo
cBoux cBaseil ¢ AHC, runotaramMyc Takxe ynpabJsieT peakMsAMU OpraHu3Ma
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611aro,uap51 B3aMMOCBSA3SIM C NIUIIKOBUAHOI >XeJe30ii, pacnonomem—xoﬁ non
IIPOMEXYTOYHBIM MO3roM. JTa XeJje3a CBA3bIBAETCA C MHOTHMU OopraHaMu
Te€J1a Iy TEM BblJI€JIEHNUS B KDOBb TOPMOHOB.

AudcpepeHumnauusa cpeaHero mosra

B oTimyne OT KOHEYHOro MO3ra, Ha MOCJIeAYIOIIUX dTanax pa3BUTHUS Cpel-
HUi MO3r AuddepeHIupyeTcs OTHOCUTENLHO c1abo (puc. 7.17). 3agusas mo-
BEPXHOCTb Me33HIIe(alTbHOTO NY3bIps CTAHOBUTCSA CTPYKTYPOIi, Ha3bIBa€MOIA
Kpbimeii. /IHO cpefHero Mo3ra CTaHOBUTCA MOKpbimkoi. ITonocts ¢ CMIK
MEX/Jy HUMH CY>KAaeTCsl B Y3KUII KaHal, Ha3blBaeMblii BOAONPOBOAOM MO3ra.
BojgonpoBoa B pocTpabHOM HaNpaBJ€HUH COEJUHACTCS C TPETBUM XKEJyA0Y-
KOM IIPOMEXYTOYHOTo Mo3ra. BogonpoBoa Mo3ra siBJIsfieTCSl XOpOILIMM OpHUEH-
THPOM CPEJHEro Mo3ra 6jarofiaps y3KoMy U KpyrJioMy IIPOCBETy Ha IoIepey-
HBIX Cpe3ax.

LOnddepeHunaums

Kpbiwa

Boponposog mosra

MokpbiLwka

Puc. 7.17. QucbcbepeHumnaumsa cpegHero mo3sra. CpeaHuii Mo3r aud-
hepeHUMpYEeTCs Ha Kpbily W MOKPLILKY. MonocTk, 3anonHeHHan CMXK,
B LEHTPe CpeaHero mMo3ara HasblBaeTca BOAONPOBOAOM MO3ra (pasmep
n306paxeHnin He COOTBETCTBYET peasibHOMY)

CooTHoweHue “cTPyKTYpa-hyHKYMA” B cpeaHeM Mo3re

Taxas, ka3anoch 6bl, IPOCTAsA CTPYKTYPA, KaK CPEAHUI MO3T, 06J1ala€T BECh
Ma pasHOOGpa3HbIMU (yHKUUAMHU. IIoMUMO TOro, 4TO 4Yepes CpeAHUi MO3r
IPOXOJAT IyTH OT CIMHHOTO MO3ra K IePeJHEMYy U OOpPaTHO, B HEM TaKXe pac-
N0JIOKEHbI HEIPOHBI, IPUHUMAIOIHE yYaCTHE B CEHCOPHBIX CUCTEMAX, B KOHT-
poJie ABUXEHUH U €ellle B HECKOJIbKUX APYTUX (PyHKLUAX.
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CpesiHuiT MO3T COAEPXKUT aKCOHbI, HUCXOAAIIUE OT KOPbl MO3Ta K CTBOJY
MO3ra U CHMHHOMY Mo3ry. Hanpumep, KOPTUKOCIMHAIbHBIN TPAKT MO IyTH OT
KOpPbI MO3ra K CIIMHHOMY MO3Ty IPOXOJAUT 4Yepe3 cpeAHuit Mo3r. [loBpexaenue
3TOro TPaKTa Ha OJHOI CTOPOHE IPUBOJUT K NIOTEPE CO3HATEILHOTO KOHTPOJIS
JBIKEHUH POTUBOIOJIOKHOM CTOPOHOM Tea.

Kpbima pasjensieTcss Ha JBe CTPYKTYpbl: BEDXHHE XOJIMMKU M HMXKHHE
XOJMUKU. Bepxnue xoamuxy IPUHUMAIOT BXOAHYIO MH(GOPMAIUIO NPAMUKOM
OT IV1a3, U3-3a YEro UX elll¢ Ha3bIBAIOT 3pumessnoi Kpouuei. O AHOIM U3 PyHK-
LM 3pUTENTbHON KPBILIY ABASETCA YIPaBJI€HUE IBKEHUAMU IJ1a3, KOTOPOE
OCYWIECTBJISIETCA 3a CYET CHUHANTUYECKUX CBA3EH C HEHpOHAMHU, UHHEPBU-
PYIOIIMMM TJa30ABUraTeIbHbIE MbIIIBL. HekoTOpbIE aKCOHBI, CleAyONUe K
MBIIIIAM [J1a3a, O6'bEANHAIOTCA B MyukH, opmupys Tem cambim III u IV ye-
PeMnHblE€ HEPBBIL.

Huoscnue xoamuxy Takxe NPUHUMAIOT CEHCOPHYIO MH(GOPMALMIO, HO YK€ OT
yleii, a He OoT mia3. HuxHue X0JIMUKM ClyXaT BaXXHOMH CTaHIMEN MepeKoye-
HUS CTyXOBOH MH(GOPMAIIUMH Ha ITYTH K TAIaMycy.

IToxpblka ABIAETCA OAHOM M3 CAMBbIX Pa3HOLBETHBIX 30H MO3ra, IOTOMY
4TO B HE OIHOBPEMEHHO PACIONIOXEHO U UYEPHOE BEIECTBO, U KPACHOE AJPO.
9TH ABe rpynnsl KIETOK YYaCTBYIOT B KOHTPOJIE OCO3HAHHBIX JBIKEHUIA. JIpy-
TH€ TPYINIbl KIETOK, Pa36POCAHHBIX 10 CPEAHEMY MO3TY, MMEIOT aKCOHbI, CBS-
3aHHble npakTUYecku co Beeit IIHC, u ux ¢yHkiueit apaseTcs yyacTue B pery-
JIALUY CO3HAHMSA, HACTPOEHUS, YIOBOJIbCTBUA U GOJIH.

OudhdepeHumauma sagHero moara

3aauuil Moar auddepeHupyeTca Ha TPU BaXHEHIINE CTPYKTYPbl: MO3XKe-
90K, MOCT ¥ HPOAOJroBaThIii MO3r. M0O3)X€4OK M MOCT pa3BUBAIOTCA U3 pO-
CTpaTbHOH MOJOBUHBI 33JHETO MO3Ta, a MPOAOJTOBaThIi MO3T — U3 €0 KayJalb-
HOi1 10I0OBUHBL [10JI0CTH CO CIMHHOMO3IOBOM XHAKOCTBIO 3[€Ch CTAHOBUTCSA
JEeTBEPTHIM XKEJIyAOYKOM, KOTOPbIH ABIAETCA NMPOAOIKEHUEM BOJONPOBOJA
CPE€JHETO MO3ra.

Ha cTaaum Tpex ny3bipeil pocTpajibHas 4acThb 33 JHETO MO3Ta B IIONIEPEYHOM
C€YEHHUHU BBINIAJUT KaK MPOCTasa Tpybka. B TeueHue cienyomux HECKOJIbKUX
HeJiesIb TKaHb 0 JOPCalbHO-TATEPATIbHOM MOBEPXHOCTH TPYOKH, Ha3blBaeMas
pombuneckoii 2y60ii, paspacTaeTcs B JOPCAIbHOM U MeAUaJbHOM HaIlpaBJ€HUHU,
NIOKa HE CPACTaeTCA € ry6oil MPOTUBOIOJIOXHOM CTOpOHbL. IlonydenHslii B pe-
3yJbTaTe 3TOrO JOCKYT MO3TOBOIl TKaHU CTAHOBUTCH B JaIbHEillleM MO3xed-
KoM. BeHTpaibHas cTeHka Tpy6oku AuddepeHLMPYETCS U yTOMIAETCs, 06pa3ys
MocT (puc. 7.18).



322  HeiipoHayku. ViccnepoBaHue mo3ra

MepeaHuiA Moar:

CpeaHuii Moar

3aaHuii Moar

[nddepenunaums

Mo3xe4ok

YeTBEPTHIN
Pombuyeckwe rybel Xenynoyek

Puc. 7.18. QuddepeHumaumna pocTpanbHO NONOBUHbLI 3agHero moasra. Po-
CTpanbHas 4acTb 3agHero Moara anddepeHumpyeTca Ha MOCT U Mo3xe4ok. Moaxe-
4OK 06pasyeTCs B pesynsrate pocTa u CAvaHnA pomoéudeckux ry6. Monocts B 3agHem
Moare, 3anonHeHHas CM)K, npeacTaeneHa 4eTBepTbIM Xenyao4koM (pasmep U3o6-
paxxeHWin He COOTBETCTBYET peanbHOMY)

Menee 3aMeTHble U3MEHEHMs HAOMOAAIOTCA Npu AUd¢EepeHIMalN Kay-
JlaJIbHOI1 MOJIOBUHBI 33JHETO MO3ra B IPOJOJIrOBaThIil MO3T. BenTpaibHas u ja-
TepalbHbl€ CTEHKH 3TOM 00JIaCTH YyTOJILAIOTCS, OCTaBasCh NOKPLITBIMU CBEPXY
JIMIIb TOHKUM CJIOEM 3MEHAUMAJIbHBIX KJIETOK He-HEBPAIBHOIO IPOUCXOXJe-
Hus (puc. 7.19). ITo BeHTpaTbHOI NOBEPXHOCTHU MPOAOJIrOBATOrO MO3ra ¢ o6e-
HX €ro CTOPOH NPOXOJUT BaXXHas cucTeMa 6eyioro Bemectsa. Ha nonepeunom
Cpese 3TH My4YKH aKCOHOB UMEIOT GOPMy, GJIU3KYIO K TPEYTOJIbHOM, YTO OGBAC-
HfAET UX Ha3BaHUE — Nupamuds. npoooiz06amozo mosza.

CooTHoweHue “cTpyKTypa-(hyHKUMa” B 3aJHEM MO3re

ITono6HO cpenHeMy MO3ry, 3aiHMIT MO3T CJIYXXUT BaXXHbIM NMPOBOAAIIUM IIy-
TeM UHGOPMAlMU OT NEpPeJHEro Mo3ra B CIIMHHOI MO3r U o6patHo. Kpome
TOro, HEIPOHbI 3aJJHET0 MO3Ta YYacTBYIOT B O6GPaGOTKE UYBCTBUTEIbHOMN UH-

¢popManiuy, KOHTPOJIE TPOU3BOJIbHBIX ABMXEHUIT U PETYIALMHA aKTUBHOCTH aB-
TOHOMHOI1 HEPBHOM CUCTEMBI.
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MepeaHnin Mo3r

OunddepeHumnaums

YeTBepTblii
Xenypoyek

Mpoponrosartbliii
Mo3r

Mupamnapl
npPOA0roBaTOro
mo3ara

Puc. 7.19. AudbepeHumauma KayaanbHOW NONOBUHLI 3agHero mo3ra. Kayaans-
Has 4acTb 3aaHero Mosra auddepeHumpyeTcs B npogonrosaTsii Mo3r. MNpamuasb!
NPOAONrOBaTOrO0 MO3ra — 3TO My4KM aKCOHOB, NPOXOAALLME B KayaanbHOM Hanpae-
NEHUM K CNHHOMY Mo3ry. MonocTb B 3aaHeM Moare, 3anonHeHHas CMXK, npeactas-
NeHa 4eTBePTLIM XeNyA04KOM (pa3mep n3obpaxeHuin He COOTBETCTBYET peasibHOMY)

Mo3K€e4oK SIBJISETCS BXXHBIM EHTPOM KOHTpPOJIA ABMKEeHUH. OH NpHUHUMa-
€T OIrPOMHbIE MaCCHBbI BXOAS e MHGOPMALUK (BXO/J0B) 110 aKCOHAM U3 CIIMH-
HOT'0 MO3ra ¥ MOCTa. BXo/bl OT cIMHHOTrO MO3ra JjlaeT MH(OPMALIMIO O IOJIoXe-
HUM TeJla B IPOCTpaHCTBe. Bxoapl oT MocTa nepenaioT MHGOPMALIUIO OT KOPBI
TOJIOBHOIO MO3ra, Oonpejeisis LieJU IMpeanojaraeMblx ABMKeHU. Mo3xedok
CpaBHUBAET 3Ty MH(OPMALMIO U BbIYUCISET ITOCNEACTBUS MbIIIEYHbIX COKpa-
I€HUI1, TPeOYEMBIX JUI JOCTIDKEHUS Liesu JBrxeHud. IToBpexaeHue Mo3xey-
Ka MPUBOJUT K HEKOOPAUHNPOBAHHBIM U HETOYHBIM JBHKEHHUAM.

Cpeay HUCXOJAMMX aKCOHOB, NPOXOASILIMX 4Yepe3 CpeJHHUil Moar, GoJiee
90% — a 370 cBbILIE 20 MUIIMOHOB aKCOHOB Y JIIOJ€ll — UIMEIOT CHHAIICHI C HEeH-
poHamu MocTa. KiieTkn MocTa nepeHanpasJIsioT 3Ty MH(pOPMALIMIO K MO3XKEUKY
Ha NPOTHUBOIIOJIOXKHOI cTOpOoHe. TakuM 06pa3oM, MOCT CJIY>KUT CBO€OGPa3HbIM
OrPOMHBIM KOMMYTAaTOPOM, COE€JUHSIONNM KOPY MO3ra ¢ MO3e4KkoM. UToGb!
BMECTHUTD BCE 3TU CXEMBI, MOCT 3aMETHO BBbIJJAETCSI U3 BEHTPAIbHOM OBEPXHOC-
TH 33 JHETO MO3ra.

AKCOHBI, KOTOpbIE€ HE 3aKaHYUBAIOTCSA B MOCTY, IPOXOJAT KayAalbHee U I10-
NaJaloT B NMPaMUbl NPOAOJIrOoBaTOro Mo3ra. OCHOBHAsI 4acTb 3THUX aKCOHOB
HAaYMHAETCS B KOPE FOJIOBHOTO MO3Ta U ABJISETCSH YACThIO KOPTUKOCIHMHAIBHOTO
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TpakTa. [IoaTOMy TepMUH “NIMpaMUHBIN TPAKT” YaCTO MCIMOJb3YETCA B Kaue-
CTBE CHHOHHMMa KOPTUKOCIIMHAIBHOTO TpakTa. Bosse mecra nepexoja us npo-
J0JITOBATOrO MO3Tra B CIIMHHO IMPaMUHbIE TPAKTbI KAXKJOH CTOPOHBI II€PEXO-
JAT Ha MPOTHUBOIIONIOXHYIO CTOPOHY. [lepexos akCOHOB C OJHO CTOPOHBI MO3ra
Ha IPYTYIO Ha3bIBAECTCS nepexpecmom, 2 KOHKPETHO 3TOT Ha3bIBACTCS nepek pecmom
nupamud. IT0 nepecedeHre aKCOHOB B MPOJOJIrOBATOM MO3re OGbACHAET, M0
YeMy KOpa Ha OJJHOI1 CTOPOHE MO3Ta KOHTPOJUPYET JABUXEHUA IPOTUBOIIOJIOK-
HOI1 cTOpOHBI Tea (puc. 7.20).

HeiipoH
[BUraTenbHom
KOpbl

\ MpoZOAroBaThiii

MNepekpect Ll

nupamma,

__— CnuHHOM
MO3r

Puc. 7.20. NepekpecT nupamua. Ha yposHe NpofonroBaToro Moara
KOPTUKOCMMHANBHLIN TPAKT NEPEXOAUT C OQHOM CTOPOHLI Ha APYryto

IToMuMoO cucTeMm 6€jOro BEmECTBA, NPOXOAALIMX Yepe3 MPOJAOJrOBaTHIi
MO3T, B HEM COZEPXATCS HEPOHBI, IPUHUMAIOIIME YYACTUE B pa3HOOOPA3HbIX
YyBCTBUTEJbHBIX M JBUraTeNbHbIX (PyHKIUAX. Hanpumep, akCOHBI CIyXOBBIX
HEPBOB HECYT CJIyXOBYIO MH(OPMALMIO OT Y€l A0 AApa YJIUTKU NPOA0JroBa-
TOrO MO3ra. AKCOHBI KJIETOK f/Jpa YJIUTKU HANPaBJAIOTCA K Pa3JIUYHBIM CTPYK-
TypaM, B TOM YHCJI€ K Kpblllle CPEAHEro MO3ra (HIXXHUE XOJMUKH, pedb O KOTO-
pbix nuta Beinte ). [ToBpexxaeHue saaep yJIUTKU BbI3bIBAET IJTYXOTY.

K npouum 4yBcTBUTENLHBIM (PYHKIIMAM IPOJOJrOBaTOrO MO3ra OTHOCATCS
ocasaHue U BKyc. IIpoJoaroBarThblil MO3r COAEPXKUT HEIPOHBI, NepeBOAALINE
COMaTHUYECKYIO 4yBCTBUTEJbHYIO HH(POPMALIMIO U3 CHUMHHOTO MO3Ta B TAJIaMYC.
Pazpymenune aTHX KJI€TOK IPUBOJMUT K aHECTE3UH (ITIOTEPE YyBCTBUTENLHOCTH).
Jlpyrue HeHpOHBI MEPEHANPABIAIOT UH(OPMALUIO OT fA3bIKAa K TaJamycy. A K
JBUraTEJbHBIM HEHPOHAM MPOJOJIrOBATOrO MO3ra OTHOCATCS KJIETKH, KOHTPO-
JIMpYIOLI}e MBI A3bIKa nocpeacTBoM XII naper uepenHbix HepBoB. (Tak yTo
B CJIEJIOIUI pa3, EPE] TEM KaK [T0Ka3aTh KOMY-TO A3bIK, IOAyMaiiTe O CBOEM
IIPOJOJIrOBaTOM Mo3re!)
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3adanus 0451 camoxoHmpons

Huxe NpeACTaBJI€HbI CTPYKTYPhI, IPOUCXOAAIINE N3 CPEAHETO U 3aAHETO MO3-
ra. Y6C,III/I’I‘CCb, 4TO Bbl IPABHJIbHO IMMOHMMA€TE 3HAYCHUA BCEX MNEPEUNCICH-
HBIX TEpDMHUHOB.

ITepBuuHBIif My3BIPH CTpyKTYypBI 3peIoro Mo3ra
Cpeanuit Mo3r (Me33H1edaIoH) ITokpbermka

Kpsia

Bogonposoa Moara
3asHuii Mo3r (poM63HLIEDATOH) Mo3sxeudox

Moct

UYeTBepThIil XeTya09eK
IIpomonrosatslit MO3r

AuddepeHumraumua cnMHHOro moara

Kax noxasano Ha puc 7.21, TpancdopManus KayJaibHOW HEPBHOM TPYyGKU
B CMIMHHOM MO3T NpsAMO CcpaBHUMa ¢ quddepenuuanueit mosra. [To mepe pas-
pacTaHus TKaHEH CTEHOK NPOCBET TPYOKHU CyXaeTcs, 06pa3ys y3KHii IeHTpaIb-
HBIM KaHaJI CIIMHHOIro MO3ra, 3anojHeHHbIii CMK.

Ha nonepeunom cpese cepoe BemeCcTBO CMMHHOIO MO3ra (MeCTO pacnoio-
XEHUs HeIIpOHOB) uMeeT popMy 6a60UYKU. BepXHssa YacTb KPbLIbEB 6a60UKU
IpeACTaBJI€Ha 3aAHUMH POraMH, a HUXHSA YaCTh — nepegHuMn poramu. Ce-
PO€ BEMECTBO MEXY 3aJHUMH U NN€PEJHUMU POTAMHU HA3bIBAETCSH NPHOMENCYMOY-
Hot 3010t. OCTaTbHAA YaCTh CHMHHOTO MO3ra IpeCTaBjIeHa GeJIbIM BEIeCTBOM,
KOTOpPOE COCTOUT M3 CTOJIGOB aKCOHOB, MPOXOAAIMX BBEPX U BHU3 MO CIMH-
HOMY Mo3ry. [ToaToMy NMyyku aKCOHOB, NPOXOJAIIME IO 3aJHENH OBEPXHOCTH
CIMHHOTO MO3ra, Ha3bIBAIOTCS 3A0HUMU CMOA6 AMU, AKCOHDI 110 6GOKaM OT CEPOTO
BEIECTBA CIIMHHOTO MO3ra Ha3bIBAIOTCS 60K08bWMU CMOADAMU, & AKCOHBI, IIPOXO-
AfIMe IO IepeJHell MOBEPXHOCTH CIMHHOTO MO3Ta, Ha3bIBAIOTCA nepeOHumu
cmosb amu.

CooTHoweHue “cTPYKTYypa-(hyHKUMA” B CNIMHHOM MO3re

Kak INIpaBHJIO, KJIETKHU 3aJJHUX pOTOB NPpUHHUMAIOT YYBCTBUTEJIbHYIO MHCIDOP'
MalMIO I10 BOJIOKHaM 3aJHUX KOPEIKOB, aKCOHBI HeﬁpOHOB nepejHux poros
BBIXOZST B COCTABE NEPEAHUX KOPEIIKOB 1 MTHHEPBUPYIOT MbIIIIbI, a IIPOMEXY-
TOYHasl 30Ha NpeACTaBJI€Ha BCTaBOYHbIMU HeﬁpOHaMH, KOTOpbI€ (l)OpMPlpleT
ABUTraTEJIbHbIE BbIXOAAIINE CUTHAJIbI B OTBET Ha IIOJYY€HHbIE UMITYJIbChI OT UYB-
CTBHUTEJbHBIX HeﬁpOHOB U U3 MOa3ra.
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BellecTea

A

Onddeperumnauma
Cton6bl 6enoro _
F /3anHm7| por
Z} Q MpoMexXyTouHas | Cepoe BelecTso

\\ 30Ha CMWUHHOTO MO3ra
&
e MepenHuii por

B =

LleHTpanbHbIi kaHan
CMWHHOMO MO3ra

Puc. 7.21. QnddepeHumauma CNUHHOro mo3ra. LieHTpanbHas 4acTb CNUHHOMO MO3ra B
Buae 6a60o4kn NpeacTasneHa CepbiM BELLLECTBOM, KOTOPOE AENUTCA HA NepeaHve U 3aaHue
pora n NpoMeXyTo4Hyto 30Hy. Cepoe BeLLeCTBO OKPYXatoT CToN6bl M3 6en0ro BeLLecTBa,
npoxoAsLue B pOCTpanbHO-KayAanbHOM HanpasneHnn No CMMHHOMY MO3ry. B caMom ueHT-
pe pacnonoXeH LeHTpasbHbI kKaHan, 3anonHeHHbIn CMXK (paamep “3o6paxeHuii He CooT-
BETCTBYET peasibHOMY)

KpynHble 3aiHMe CTOIGbI COAEPAKAT AKCOHDI, HECYIHE UH(POPMALMIO O CO-
MaTU4ECKO}1 YyBCTBUTEIbHOCTU IO CIIMHHOMY MO3Ty BBEPX K Kope mo3ra. OHu
MOXOXHU Ha CBEPXObICTPBII aBTOGaH, KOTOPBI yCKOpAET WH(OPMALMIO OT
UIICUIaTEPAIBLHOMN MOJIOBUHBI T€JA K AJpaM MPOAOJrOBATOrO MO3ra. AKCOHbI
NOCTCUHANTUYECKUX HEIPOHOB MPOJOJrOBaTOrO MO3ra nepe6pachlBalOTCA Ha
IPOTUBOMNOJJOXHYIO CTOPOHY U IMOJAHUMAIOTCA K TaIaMyCy Ha MPOTHUBOIOJIOX-
HOI CTOpOHE. DTOT NEPEKPECT aKCOHOB B MPOJOJrOBATOM MO3re OOBbSACHSET,
o4YeMy MNPUKOCHOBEHME K JIEBOI1 MMOJIOBUHE T€JIa BOCHPUHUMAETCSA IIPABOIi MO
JIOBUHOH MO3ra.

BoxoBpie cTOIGBI CIMHHOTO MO3Ta COAEPKAT aKCOHbI HUCXOJAMUX KOPTU-
KOCNMHAIbHBIX TPAKTOB, KOTOPbIE TAKXeE MEPEKPEIUBAIOTCA Ha YPOBHE IIPO-
JIOJITOBATOTO MO3ra. T aKCOHbl UHHEPBUPYIOT HEHPOHBI NPOMEXYTOYHOI
30HBI Y MIEPEJHUX POTOB, a TAKXE UHTETPUPYIOT CUTHAbI, YIIPABJIAIOIHAE IPO-
HU3BOJIbHBIMU JBHXEHUAMU.
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CymecTByeT o KpaiHeil Mepe MOJAIOXKHUHbI TPAKTOB, MPOXOAALIMX B Kax-
JI0i1 NOJIOBMHE CIIMHHOTO MO3ra. BoJIbIIMHCTBO M3 HUX OJHOHANPABJIEHHbI U
HecyT MHGOPMANUIO JU60 K MO3TY, TM60 OT Hero. FIMEHHO MO3TOMY CIIMHHOMN
MO3T ABJSETCA IIABHbIM IPOBOJHUKOM MHQOPMAIUHU OT KOXH, CYCTaBOB U
MBIIII] K TOJJOBHOMY MO3Ty M Ha060pOT. M Bce e CIMHHOI MO3T ABJISAETCA YEM-
TO 60b1MM. HeiipoHb! ceporo BeniecTsa CIMHHOTO MO3Ta EPBLIMU HAUMHAIOT
aHaJIM3UPOBATh YYBCTBUTE/IbHYIO MH(OPMAILUIO, UTPAIOT KPUTHUYECKYIO POJIb B
KOOPAMHALMU JABMIXEHUI U yNPaBJIAIOT MPOCThIMU pedieKcaMu (TAaKUMM Kak
OTJepruBaHie KOHEUHOCTHU B OTBET Ha 60JI€BOI1 Pa3ApaXKUTeENb).

Cob6epem BCe BOeAUHO

MpI yxxe paccMoTpe pa3BuTue pa3nuyHbiX yacteit IIHC: koneyHnoro mos-
ra, IPOMEXyTOYHOTO MO3ra, CPEJHETO MO3ra, 3aJHEr0 MO3ra U CIIMHHOTO MO3-
ra. Tenepb gaBaiiTe 06 bEAUHUM BCE 3T AETAIN U CO3Ja UM LIEIbHYIO HEHTPaIb-
HYIO HEPBHYIO CICTEMY.

Ha puc. 7.22 B cxemaTuyeckoM BHJ€ IOKa3aH 6a30Bblii IJIaH yCTPOICTBA
ITHC Bcex MJIEKONUTAIOMMUX, B TOM uuce Jojeit. [TapHble noaymapus KoHey-
HOT'O MO3ra OKpPyXaloT G0KOBbIE XeNyAOUYKHU. JlopcaibHee G0KOBBIX XKETYAOIKOB
Ha MOBEPXHOCTH MOJylIapUii PAcIIONOXKEHA KOpa Moara. BeHTpanbHee u naTe-
pajsbHEe GOKOBBIX XEJYAOUKOB PaClOJIOXKEHO OCHOBAHHME KOHEYHOTO MO3ra.
BokoBble xeNya0uKH BIAJAIOT B TPETHI XeJyA0UeK IIPOMEXKYTOYHOTO MO3ra.
ITOT XeNyAOoUYeK OKPYKEH TAIaMyCOM M THUIOTajJamycoM. TpeTuit xenyaouex
IepeXoJUT B BOJONpPOBOJ Mo3ra. [1o3aau BOJONPOBO/A PACIOJIOXKEHA Kpbla
cpeaHero mo3sra. Crepesu OT BOJONPOBOJA PACIIONOXK€EHA IOKPBILIKA CPEHETO
mo3ra. Bogonposoj Mo3ra BoaJjaeT B 4€TBEPTIH JKeIYA04YEK, PACIIONI0KEHHBII
B IIEHTpe 3aJHero Mo3ra. [Tozaau 4eTBEPTOro XeayA0uKa PacloJOXeH MO3XKe-
qok. Criepeiv OT HEro pacroJjIoXeH MOCT U IIPOJOJIrOBaThIN MO3T.

Ta6nuua 7.3. XKenygo4ykoBas cuctema Mosara

KomnoHeHT CBsi3aHHble CTPYKTYpbl MO3ra
BokoBble Xenyno4kn Kopa Mo3ra

OcHoBaHWe KoHeYHOoro Mo3ara
Tpetuin xxenyaoyek Tanamyc

lMnotanamyc
Boponposoa mo3ra Kpbilwa

MokpbIWKa CpeaHero Mo3ra
YeTBepThIN XKenyaoyek Mo3xeyok

MocT

Mpogonrosarbii MO3r
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Tenepsb BbI NOHNMaeTe, YTO pa306pPAThCS B CTPOEHUHM MO3Ta BOBCE HE CJIOXK-
HO, €CJIY IIOHSATb, KaKH1e 3JI€MEHThI JKeJIyJO4YKOBOI CUCTEMbl HAXOAATCS MOGJIH-
3ocTH (Taba. 7.3). Jlake B CJIOXKHOM Y€TOBEUECKOM MO3Te XKeJyA04KOBast CHCTe-
Ma SIBJISIETCS KJII0YOM K IIOHMMaHHIO CTPYKTYPbI MO3Ta.

o DA Ooyopae
u 4 KOHEHOTO  o0g
Me3aHLedanoH Mogre Tanamyc |,
(CpeaHwit Moar) CUHHOM DaKeHoE -
— Kpbiwa CnuHHow
/ mMo3r
I |
TenaHuedanoH O6oHaTtenbHas /I'Ip; OArOBATbIA
MpomexyTouHbiit  POMG3HUEdanoH TIYKOBMUA  Mynotanamyc MocCT Moar
Moar (tanamyc)  (3a/Huid Moar) (6) Mokpsiluka
| R ——
(@) Nepepnmit Moar
BokoBoit xenyouek
Bo4onposoa LleHTpanbHbIi kKaHan
MO3ra CNWHHOrO Mo3ra
(B) Tpetwnit xenypouek YeTBepTbiii Xenynouek

Puc. 7.22. “Kopnopauua MO3I™. (a) Ba3oBbIiit NnaH Mo3ra MNEKONUTAKOLMX, OTMEYEHDI
OCHOBHble nogoTAensbl. (6) OCHOBHbIe CTPYKTYpbI Kaxaoro otaena moara. O6patnre BHU-
MaHue, 4TO KOHEYHbI MO3r COAEPXUT ABA NONYLIAPUA, XOTA NOKa3aHO NNLLb OJHO U3 HUX.
(B8) XKenyno4ykosas cuctema

Oco6eHHOCTU YenoBe4yecKoro Mosra

BoT MbI 1 03HaKOMIIIHCD € 6a30BbIM TTaHOM LTHC, cBOIICTBEHHBIM BCEM MJIE-
konuraomuM. Ha puc. 7.23 nokazaHo cpaBHEHHE MO3Ta MbIIIM U YeoBeka. Bbl
MOTJIM Cpa3y 3aMETHUTh, YTO Y HUX OYEHb MHOTO OGILETO, HO €CTh U PAa3IH4MsL.

PaccmoTpum cHavasta, uTo y HUX ob6mero. I1pu B3riaae ceepxy Ha 0o6a MO3-
ra BUJHBI IapHbIE MOJIyIIapUs KOHEYHOro Mo3sra (puc. 7.23, a). Ha cpeaunHOM
CaruTTaILHOM Pa3pe3e MO3roB BU/IEH KOHEYHbII1 MO3T, KOTOPbIi1 IPOTAHYJICS
POCTPAJIbHO OT NTPOMEKYTOYHOTO Mo3ra (puc. 7.23, 6). IIpoMexyTOUYHBI MO3T
OKpYXaeT TPeTHil XKeyfoueK, CpeAHUIT MO3I OKPY’KaeT BOJOIIPOBOJ MO3ra, a
MO3)X€YOK, MOCT U IPOJAOJIOBaThbIi MO3I OKPYXAIOT YETBEPTHIN XKEIyTOUEK.
OOGpaTuTe BHUMaHUE, KAK MOCT BBINUPAET II0J MO3)KE€UYKOM M KaKas CJIOXKHAs
CTPYKTypa y MO3X€EUKa.
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S;:ﬁggrenbl-lb;;{%
Kpbica -r Yenosek
Monywapws Mozra Monywapwsa mosra
Moaxeuok

(a)

Tpetuin Boponposog,
. K . Kenypouek
TpeTuit BoA0NPOBoL OHEYHBbIV ;

XeNymaoueK  \vioara MO3r
KoHeYHbili

MO3r
oY .

e

YetBepTbi
Xenynoyek

Mo3xeyok

Mg

: A \ MpomexyTOo4HbI
MpoMexyTouHbIA / Mo3r
MO3r ; Cpeqnuit
(6) CpenHnit - Moct  Mpomonrosatsiit MO3r

Mo3r mosr Mpopmonrosarbii MO3r Moaxeuok

O6oHsTENbHAS
nlyKoBuLA

(8) OGoHsITENbHAR
NyKOBULIA

Puc. 7.23. CpaBHeHMe MO3ra KpbICbl M MO3ra Yyenoseka. (a) Bua ceepxy. (6) CpeavHHbIv
caruTTansHbIi BuA, (B) Bupa c6oky. (M3o6paxeHns caenaHbl 6e3 cobniogeHna Macwtaba)
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Temnepb xe pacCMOTPUM HEKOTOpPbIE CTPYKTYPHbBIE PA3JIUYMS MEX Y MO3TOM
KPbICHI U YestoBeka. OJHO 3HaUUTEIbHOE OTIMYHE NOKa3aHo Ha puc. 7.23, a:
MHOXXE€CTBO HU3BMJIMH Ha IIOBEPXHOCTH 4eJIOBedYeCcKoro Moara. BmaaunHbl Ha
MMOBEPXHOCTU MO3ra Ha3bIBAIOTCS GOPO3AaMH, a BO3BbIIIEHHUs Ha3bIBAIOTCS
M3BWINHAMHU. 3alIOMHUTE: TOHKUI CJIOH HEHpOHOB, PacCIIOJOXEHHBIX IOJ
MIOBEPXHOCTBIO MO3ra, Ha3bIBaeTCsl KOpOil Mo3ra. boposjel 1 U3BUJIMHBI AB-
JSIOTCSA CJIeJCTBUEM KOJOCCAIBHOIO PacCliMpEeHHs IUIOIAAM KOpbl MO3ra Ha
aTalne BHYTPUYTPOOHOro pa3BUTUSA YesoBeka. Kopa Bapocioro yenoBeka uMe-
eT romaznb okoyo 1100 cM?, 1, 4TOGBI MOMECTUTBCA B NIpejesaxX depena, OHa
JOJIXKHA U3BUBATbCA U CMOPIIMBAThCA. Takoe yBeMYeHHe IJIOIAAHN KOPBI B
JIseTCsA OOJHUM U3 “OTKJIOHEHMI” dyesioBedeCKOro Moara. KiimHndeckue M 3Kc-
IepUMeHTAIbHbIE CBUJETENLCTBA YKa3bIBAIOT HA TO, UTO KOPA MO3ra ABJISeTCS
OGUTEJIbIO YHUKAILHOTO Y€JIOBEUYECKOr0 MBIIUIEHUS U CO3HaHUA. be3 Kopbl
MoO3ra 4eJIoBeK GbUI Obl CJIe, [JIyX, IJIYII U HECIIOCOOEH K IleJleHallpaBJIeHHbIM
IeNCTBUSAM.

Ha 60k0Boii npoekuny Mo3ra KpbIChI M YeJIOBeKa Ha pHC. 7.23, ¢ BUIHBI JaIb-
Heifmue pasnuuusa. OZHUM U3 HUX SIBJSAETCA Malblii pazMep OOOHATEIbHOM
JIYKOBHIIbI YeJIOBEKA N0 CPAaBHEHUIO C JIyKoBUIel KpbIchl. C Jpyroit CTOpOHSI,
IIOCMOTpUTE Ha pa3Mephbl NOJylIapuil Mo3ra y yejoBeka. Buaure, xak mosy-
HIapUs 4eJ0BEeYeCKOro MO3ra U3ru6aloTcs K3aJu, BEeHTPOJIaTePalIbHO, a 3aTeM
Knepeau, HanoMuHas ¢opmy 6apaHbero pora. Bepxymka “pora” pacnosnoxeHa
HEIOCPEeACTBEHHO M0J] BUCOYHOI KOCTBIO Yepena, IO3TOMY JaHHas 4acTb MO3-
ra Ha3bIBaeTCsl BUCOIHOIA foreit (puc. 7.24). Tpu ocTaibHble 101 (Ha3BaHHbIE
IO KOCTSIM Yepera) TaKKe ONUCBIBAIOT YACTHU YeJIoBedecKoro Mo3ra. Yactb Mo3-
ra, pacIoJoXeHHas oJ JJOGHO KOCTbIO, Ha3bIBaeTCs JTOGHOI KoJreii. [liy6okas
LIeHTPIbHasi 60pO3/a OrpaHUYMBAET €33 JOGHYIO JOJIO, Cpa3dy 3a KOTOPOMH
IO/l TeMEHHOH KOCTBIO PacloJIoXKeHa TeMeHHas qois. Eme kaysanbHee, B ca-
MOIf 3aJHeii YacTH MO3ra NOJ 3aThbIOYHOI KOCTBIO PacIoJIoXeHa 3aThbLIOIHAs
IO,

KpaiiHe Ba>xHO NOHUMAaTh, YTO, HECMOTPS Ha AUCIPONOPLUHOHANbHBINA POCT
GOJIBIIOTO MO3ra, MO3T YeJIOBEKa COOTBETCTBYET Ga30BOMY IUIAHY pa3BUTHUSA
MO3ra MJIEKOIUTAIOMNX, 3aJI0)KEHHOMY Ha 3Tare 3MGPHUOHAIBHOIO pa3BUTHA.
OnAThb Xe, KI0YEBbIMU 31eCh GYAYT XKeJyRoUKU. M XOTs XKeJynoYKkoBas CUCTe-
Ma 3]leCb UCKaXKeHa, 0COGEHHO pa3pacTaHUeM BUCOYHBIX J0JI€ii, COOTHOLIEHHE
Pa3HbIX YaCTeil MO3ra 1 XKeJyJOUYKOB COXpaHseTcs (puc. 7.25).
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LleHTpanbHas

6oposna

TemeHHas
nons

NobHas
nons

3aTbinoyHas

BucouHas aons Aons

Puc. 7.24. onn YenoBe4ecKoro mosra

BokoBble
Xenymouku

Tpetuit
Xenypouex

YeTBepTbiit
Xenynoyek

Puc. 7.25. XXenypoukoBas cuctema uvenoBseka. XoTs Xesyaouku
W UCKaXeHbl, 6a30BOE PaCroNoXeHWe YacTe Mo3ra No OTHOLLEHUIO
K Xenyao4kam COOTBETCTBYET U306PAKEHUIO Ha puc. 7.22, B
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NYTEBOANTESIb NO KOPE rONNOBHOIMO MOSIrA

YUuThIBasA BaXHOCTb KOPbI Il YEJOBEUYECKOTO MO3ra, CIEAyeT yAEIUTb el
oco6oe BHMMaHUe. Kak MblI enie HEOJHOKPATHO YBUAUM B MIOCJIEAYIONMX IJIaBaX,
BCE€ CUCTEMBI MO3ra, yNpasJsiolie 06paboTKON YyBCTBUTENbHOCTH, BOCIIPUS-
TUS, OCO3HAHHBIX JABMXEHUH, O0Y4EHUEM, MBIIIEHUEM U PEYbIO, O6bEAUHSAIOT-
CA B 3TOM BOKHEMNIIEM OpraHe.

Tunbl KOpbl MO3ra

Kopa mo3ra Bcex n03BOHOYHBIX UMEET HECKOJIBKO OOIIMX CBOIICTB, KaK IOKa-
3aHO Ha puc. 7.26. Bo-mepBbIX, TeJa KOPKOBbIX HEUPOHOB OGBIYHO PACIIOJIONKe-
HbI CJIOAMH, KOTOPbI€ MPOXOAAT MapaJjileIbHO IOBEPXHOCTU MO3ra. Bo-BTOpBIX,
CaMbli IOBEPXHOCTHBIH CJI0M HEFPOHOB OTAEJIEH OT MATKOM MO3roBOit 060J104-
KM 30HOH, B KOTOPOI1 OTCYTCTBYIOT HEHPOHBI; OH HA3bIBAETCH MOJIEKYJIAPHBIM
cjioeM, Wi npocTo I cioem. B-TpeTbux, Kak MUHMMYM OJUH KJIE€TOYHBII CJIOM
COCTOMUT U3 NMUPAMUJATbHBIX HEHPOHOB, OT KOTOPBbIX OTXOAAT KPYINHbIE J€H-
JAPUTBI, TAK Ha3bIBAEMbBIE ANUKALbHbLE 0eHOpUMbl, TPOCTUPAIOIUECS BILUIOTb JO
IE€PBOTO CJIOS, TAE€ OHU OOMJIBHO Pa3BETBAAIOTCA. Takum o6pa3oM, Mbl MOXEM
CKa3aTh, 4YTO KOPA MO3ra UMeET XapaKTEPHYIO LIUTOAPXUTEKTYPY, KOTOPas OTJIU-
YaEeT €€ OT, HalpuMep, 6a3aibHbIX AAEDP UM TaJaMyca.

Ha puc. 7.27 nokxasaH kopoHapHBIii Cpe3 MO3ra KpbIChI HA YPOBHE KOHEYHOTO
Mo3ra, okpameHHbIit 1o Hucciio. He HyxxHO 6bITh Kaxanem, 4ToObI 3aMETHUTD,
YTO pPa3IM4YHbIE BUJbI KOPbI Pa3/JIMYalOTCs 10 CBOEH apXUTeKType. MeauaibHee
60KOBOTO XENYA0UKA PACIIONIOKEHA 30HA KOPbI, U30THYTas HHTEPECHBIM O6pa-
30M. JTa CTPYKTypa Ha3bIBA€TCA FMIMNOKAMIIOM, U OH, HECMOTPS Ha BCE CBOU
U3ru6bl, COAEPAKUT JUIIb OAUH CJI0i K1eToK. (TepMuH sunnoxamn c rpedeckoro
NepeBOJUTCS KaK “MOPCKOil KOHeK”.) BeHTpanbHO U JlaTepasbHO C TUIIIOKAM-
IIOM CBSI3aH JAPYrOf TUI KOPbI, UMEIOIHUI BCETO iBa CJI0S HEHPOHOB. OHa Ha3bl-
BA€TCs OGOHATENILHOMH KOPO, IOTOMY YTO fIBJIAETCS MPOJOKEHUEM OOGOHS-
TEJbHO JIYKOBUIIbI, PACHIOJOXEHHON cnepean. OGoHATEIbHAA KOPa OT/AEeHa
OT Jpyroii, 60Jiee CJ0XKHOII MHOTOCJIOHHON KOPBI, C IOMOLIbIO 60PO3/ibl, HA3bI-
BaeMOU punarvroll weavto. Kopa mo Apyryro cTOpOHy OT pUMHAJbHOM LIEJU Ha-
3bIBAE€TCA HOBOM KOpOii, MM HEOKOPTEKCOM. B oTimumne OoT runmnokammna u
OGOHATENBHON KOPBbI, HO8AA KOpa ecmd Moavko y maexonumarnwux. Tak BOT, Korja
Mbl paH€€e TOBOPUJIH, YTO KOpa MO3ra CUJIbHO YBEJUYMIACh 32 BPEMs 3BOJIIOLIHI
YeJIOBEKA, Mbl UMEJIM B BUJlY, UTO yBEJIMYIWIACh HOBast Kopa. bosbmnHCTBO Heil-
POYYEHBIX (M MbI B TOM YHMCJI€) IO TEPMHHOM K0pa MOHUMAIOT MIMEHHO HOBYIO
KOpY, ECJIM HE YKa3aHO OOpaTHOE.
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Annuratop Kpbica
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o

Msrkas Mo3rosas
obonoyka

MonekynsipHblii
cnoit

BepxyLueyHblii |
LeHnpuT

vV

MupamupansHas
Knetka \Y
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Puc. 7.26. O6wan xapakTepucTUKa Kopbl Mo3ra. Cnesa NnokasaHo CTPOEHWUE KOpbl MO3ra
annMraTopa, cnpaea — KpbICbl. Y 0601x BMAOB KOPa pacrnofioxeHa HenocpeaCcTBEHHO Noa,
MSArKOV MO3roBoI 060/104KOM NONYLLAPUIA, COAEPXUT MONEKYNAPHLIA CNOM U UMEET B CBOEM
cocTase Cnov NMpamMnaasnbHbIX HeMpoHOB

Hosas xopa urpaeT orpoMHyio poJib B U3y4YEHUU 3PEHUs, CIyXa, COMaTHde-
CKOii YyBCTBUTEJBHOCTH M KOHTPOJISI IPOM3BOJIBHBIX JBMXEHMIA, IOTOMY Ja-
BaiiTe pacCMOTPHM ee noJpoGHee.
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PuHanbHas
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OGoHaTenbHaa kopa

Puc. 7.27. Tpn TMNa Kopbl maekonuTamowmx. Ha aTom paspese moara
KPbICbl 6OKOBbIE XENYA04KN C 06eMX CTOPOH PacnofioXeHbl MeXAay HOBON
KOPOW W runnokamnoM. XKenyaoukn B 3TOM MeCTe TPyAHO 3aMeTUTb, No-
TOMY 4YTO OHW 3[eCb TOHKWUE U ANUHHbIE. HMXKE KOHEYHOro mMo3ra pacno-
noxeH cTeon mo3dra. Onpeaennte, Kakow OTAeN CTBONIA MO3ra nokasaH
Ha 3TOM PUCYHKe, OCHOBbLIBAACb HA BHELUHEM BUae NOSIOCTU B €ro LEeHTpe

30HbI HOBOW KOpbI (HEOKOpPTEKCa)

TouHo Tak Xxe, KaK IUTOAPXUTEKTYPa UCIIOIb3y€ETCsl, YTOOLI OTIIUUYUTD KOPY
MO3ra OT Ga3aIbHBIX FAaHIIMEB, 2 HOBYIO KOPY — OT OGOHSATEIbHOI KOpbI, OHA
MOXKET IPUMEHATHCSA U ISl ONPEAENIEH! HOBOM KOPbI Pa3/MYHBIX 30H MO3ra.
VIMeHHO 3TO U ciesan U3BECTHBII HeMelkuiil HeifpoanaTom Kop6unuan bpoa-
maH B Hauale XIX Beka. OH cO3/ja1 IMTOAPXUTEKTYPHYIO KaPTy HOBOI KOPbI
(puc. 7.28). Ha aToii kapTe KaXjas 30Ha KOpPBI C 001Iel apXUTEKTOHUKOI1 UMe-
€T co6cTBeHHbIi1 HoMep. Tak, Ha BepXylIKke 3aTbUIOYHOM JOJM PacIoJIOXKeHO
noJie 17, a HemocpeACTBEHHO Nepes LEHTPAIbHOI 60po310ii, Ha JTIOGHOI foe,

PaCIoJIOKEHO NoJe 4, ¥ Tak fajee.
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Puc. 7.28. LiuToapxuTeKTypHas Kapta Kopbl 4eNioBe4eCcKoro
mo3ra bpoamaHa

BposamaH Bb1BUHYJI IPETIOJI0XKEHHE (KOTOPOE HE CMOT JOKa3aTh), YTO 30HbI
KOpPbI, KOTOpbIE BBINIAAAT MO-Pa3HOMY, JOJDKHbBI BLINOJIHATH Pa3Hble (PyHKIUM.
CerozHs y Hac €CThb JOKa3aTeJbCTBa CIIPaBEUIMBOCTH 3TOTO yTBepxAeHus. Ha-
IpHMep, Mbl MOXXEM CKa3aTh, YTO noJie 17 ABjIsgeTcs 3pUTebHOI KOpOii, II0TO-
My YTO OHO NPUHMMAaET CUTHAJbI OT AJpa TajJaMyca, CBA3aHHOTO C CETYAaTKOI
ria3a. Y B camom ziene, 6e3 nmoJis 17 4yeoBek ocjenHeT. AHaJTOrMYHbIM o6pa3om
MOJHO YTBEPXXJaTh, YTO MOJI€ 4 ABJIAETCA ABUraTeJbHOI KOPOil, IOTOMY UTO
aKCOHBI HEIIPOHOB 3TOTO NOJIS1 HANIPABJIAIOTCA HENOCPEACTBEHHO K MOTOHEHPO-
HaM ME€PEJHUX POroB CIMHHOTO MO3ra U yNPaBJIAIOT MbIIIEYHBIMA COKPALIEHH-
amu. O6paTUTe BHUMAHUE, YTO pa3Hble (DyHKIMM 3TUX JBYX 30H 00YCJIOBJIECHBI
Pa3HOCTBIO UX CBA3EMH.

JBONOLMA HEOKOPTEKCA U Ero COOTHOLIEHUE “CTPYKTYpa-thyHKuua”

Co BpemeH BpoaMaHa HellpOy4YeHbIX My4asl BOIPOC O TOM, Kak M3MEHMJIACh
KOpa MO3ra B XOJi€ 3BOJIIOLIMY MJIEKONUTAIOMUX. MO3r — MArKas TKaHb, II03TO-
My HE CYILECTBYET MCKONAEMbIX HUCTOUYHMKOB MH(pOPMAIMU O KOpe MO3ra Ha-
IINX JaleKux npeakoB. TeM He MeHee NMPOJIUTb CBET Ha JaHHYIO IPOGJIEMy HaM
IIOMOJKET CpaBHEHHE KOPbI Pa3JMYHBIX HbIHE XMBYLIMX BUAOB (CM. pHc. 7.1).
ITiouans MOBEPXHOCTH KOPBI Y Pa3HbIX BUAOB CYIECTBEHHO pa3inyaeTcs. Ha-
IpUMep, COOTHOUIEHHE KOPbl MO3Ta MBIUIH, O6G€3bSHbI U YEJIOBEKA BBINISAIUT
npumepHo Kak 1:100:1000. C apyroii cTopoHbI, TOJIIMHA HOBOI KOPBI y Pa3HbIX
BH/IOB MJIEKOIIUTAIOLIMX MPAKTUYE€CKY OJUHAKOBA U pa3/In4aeTcs 110 0ObeMy He
6oJiee yeM B JBa pa3a. CieJoBaTeIbHO, MOXHO C/IeJIaTh BBIBOJI, UTO B IIpOIIECCe
3BOJIIOLIMM U3MEHMIICS O6'bEM KOPBI, HO He ee 6a30Bast CTPYKTYypa.
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MapecTHblil ucnanckuil HeiipoaHatoM CaHTbsiro Pamon-u-Kaxane, o ko-
TOpoM 1ula peyb B riase 2, B 1899 r. nucar: “XoTs Mexay onpejeseHHbIMU
30HaMHU KOPBI U €CTb CymI€CTBEHHbIE PA3JIMYMUs, OHM HE CTOJb BEJIUKH, UTO-
6Bl clieJaTh HEBO3MOXHBIM CBeJi€HHE CTPYKTYPbl KOPbl K €JMHOMY OGIeMy
maady”. C Tex Mop MHOTHE y4YeHble NbITAIMCh PEMINTDb, KAKOB € 3TOT OGMIMi
nnaH. Kak Bbl y3aHaeTe U3 JajbHEHIIUX IJIaB, CETOAHA NPUHATO CYUTATh, YTO
HaMMeHbInel (PYHKIMOHAIBHOI eIMHULIEei1 HOBOH KOpbl ABJISAETCA LNUJIMHIAD
HeHpOHOB 2 MM B BBICOTY (PacCTOSIHME OT G€JIOro BEIECTBA A0 IOBEPXHOCTU
kopsl) 1 0,5 MM B fuaMeTpe. TOT UMIMH/P, OGLIYHO Ha3blBAEMbIil HEOKOPTHU-
KaJIbHOI1 KOJIOHKOM, coepKUT npubauauteabHo 10 000 neitpornos u 100 mu-
JMoHOB cuHarncoB (okoso 10 000 cuHancos Ha HeHpOH). Mbl XOTUM NOHATD
JEeTaIbHYIO AMarpaMMy CBs3eil HEIpOHOB JPYT C APYroM — TaK Ha3bIBaeMbIii
KOHHEKTOM HOBOIf KOpbL. 9TO BeCbMa TPyJHasA 3a/jaya, IOTOMY 4TO C YBEPEH-
HOCTbIO OMNPEJEIUTb CUHAICHI MOXHO JIMIIb IOJ 3Je€KTPOHHbIM MHMKPOCKO-
IIOM, JJIf KOTOPOro Tpe6yloTcs: oueHb ToHKHE (50 HM) cpe3bl TKaHU. UTOObI
JaTb o6lee MpeacTaBjJeHne O MacmTabax 3Toif 3afay, paCCMOTPUM NPOEKT
10KHoadpuKaHckoro gaypeata Ho6enesckoit npemun Cuauu Bpennepa u ero
COTPYAHUKOB, KOTOPBIi NPOBOAUJICA B JaGOPAaTOPUU MOJIEKYJIAPHOM GHOJIO-
ruy HauMOHa1bHOrO HHCTUTYTA MEAMIIMHCKUX UCCIEA0BaHMi B ML-XuJ,
Cesepnbiit JIon0H, AHMIUA. bpeHHep GbLT yBEPEH, YTO AJIS HIOHUMAHUS HEl-
POHHBIX OCHOB ITOBEJIEHUS TPEOYETCS 3HAHUE JUaTPaMM HEHPOHHBIX CBA3EH.
M 4TOG6BI JOKA3aTh 3TO, OH BLIGPAT IPOCTOI OPraHM3M MUJIJIMMETPOBOTO I1JI0-
ckxoro uepBs Caenorhabditis elegans (coxpameHHo C. elegans). ITOT YePBb XOThb
U ObLI JaIEK OT HOBOH KOPbI, HO TEM HE MEHEE MPENOCTABJIAN BO3MOXHOCTD
PEWUTh JaHHYIO NpobJeMy, MoToMy 4To ume Bcero 302 HelipoHa U OKOJIO
7000 cunancos. HecMOTpsi Ha OTHOCHUTEJIBHYIO IIPOCTOTY, [l 3aBEPLICHUS
npoeKTa “pa3yM 4epBs”’, KAK €ro Ha3BaIM CaMM HCCJIEJO0BaTENH, NOTpPe6oBa-
Joch 6osee 12 netT. Co BpeMeHH NMy6IUKaluK 3TOi1 pa6oTel B 1986 r. MHOTHE
nperpajsl CTajJy NMPEOAOJIUMBIMU GJIarojaps pa3BUTHIO TE€XHOJIOTHM, BKIIO-
Yyasg aBTOMaTU4YECKHE CPe3bl JJIS 3JT€KTPOHHOTO MUKPOCKONA U KOMIIbIOTED-
HYIO PEKOHCTPYKLIMIO MAaCCHBOB TKaHHU U3 O4YE€Hb TOHKHUX CpPe30B (Bpe3ka 7.5).
XoTs 3TO NMOKa U HEJJOCTHXUMO, TEXHUYECKHE POPhIBbI BCEJIAIOT ONTUMU3M,
4yTO MeuTa Kaxasna MoxeT 6bITh UCNIOIHEHA, IPUYEM HE TOJbKO JJI1 KOPbI, HO
U JJ1s1 BCETO OCTaJIbHOTO MO3ra.

BpoaMan npeaoxu pacliMpuTh HOBYIO KOPY, BHE/IPUB HOBbIE 30HbI. [Toa-
POGHOE CpaBHEHHE CTPYKTYPbl M (PYHKIIMK KOPbI HbIHE JXUBYIIMX BUJOB C pa3-
HOI1 3BOJIIOIMOHHOI UCTOPHE} NO3BOJIMIIO IIPEATIOIOXKUTD, YTO IIEPBOGBITHBII
HEOKOPTEKC Hallero OGUEro MJIEKOMUTAIOMIETO NMPEAKa COCTOSI [IaBHBIM 00-
Pa3oM U3 TpeX THUIOB KOPbI. I1epBbIil THUII COCTOSI B OCHOBHOM U3 NMepBUUHbLX
UYECMEUMEALHBLX 30H, KOTOPBIE MEPBLIMU IMOJYYAIOT CUTHAIBI [0 BOCXOAAIUM
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Joporow oTKpbITUA

CBA3b ¢ KOHHEKTOMOM
asrop: CebactnsiH CeyHr

Moi kapbepHbI NyTb NpeacTasnaeT cob6on CNNOWHbIE 3Ur-
3arn. Korga A rotoBMNCA K NONYYEeHWIO CTENEHW [OKTOPa Hayk
Nno TEOPETUYECKON DU3MKE, MO KypaTop OTNPaBun MEHs Ha
NETHIO NpakTuky B Jlabopatopuio benna, 4to B Hbto-[xep-
Ccn. B 3TOM M3BECTHOM MCCNeaoBaTeNbCKOM OTAene KPynHOM
TENEKOMMYHUKAUMOHHOW komnaHnum AT&T cosepluanmce Hobe-
NEBCKWE OTKPLITUA N NNOAOTBOPHbLIE M30BPETEHNA, HANPUMEP TPaH3UCTOpP. Bo Bpems
NPaKkTUKK A AOMKeH Gbin paboTate Hag Teopuer CBepxnpPoBOAMMOCTU. HO A BCTpe-
TN Xanva COMNONMHCKMK, KOTOPLIM Kak pa3 npuexan u3 M3pavns B akagemMm4eckuin
oTtnyck. [1o aToro XamMm paspabortan mMarematmieckme Moaeny B3avmMoAencTBYIOLLMNX
4acTuy B MarHMTHOM MONe W Cenyac C 3HTY3na3MoM NPOABMrancs K B3aMMogencTBy-
IOLLMM HEeNpOoHaM. MeHs 04eHb 3amHTepecoBana ero Naes HEMPOHHLIX CETEeN, NOJTO-
My £ noexan 3a HM B Mlepycanvum Ha NOCTAOKTOPCKYIO CTaXXMPOBKY. Mbl MPUMEHMNN
NPUHUMNBI CTATUCTUHECKOM hU3NKK, HTOObI NOHATL, KOrAa WUCKYCCTBEHHbIE HEMPOH-
Hbl€ CETW, T.€. CeTW BbIMMCINTENbHbLIX €ANHWL, CO3AaHHbLIX HAaNnoaobue HeMPOHOB, 06Y-
4aloTCA HEe NOCTENEHHO, @ MOMEHTANbLHO, Kak 6yYATO B OAHO MrHOBEHWE. B nepepbiBax
Mexay 6€CKOHEYHbIMW MAaTEMATUYECKMMIN BbIMUCNIEHMAMM A YYMNCA pa3roBapneaTh Ha
VBPUTE M FOTOBUTL XYMYC.

Mocne aByx net B lepycanume s BepHyncs B Jlabopatopuio benna. B opranmsaum-
OHHOM CMMCKE BCE OTAENbI KOMNaHUW UMENW NATU3HAYHbI HOMEP. A COCTORAN B OTAENE
TeopeTndeckon mamkn, 11111, 310 BeAb 3HAYUT, YTO Mbl CaMble YMHbIE, NPaBUNLHO?
Ho Na6opatopus benna gomkHa 6binn NPUHOCUTL NONB3Y — HE HOBENEeBCKUE N30-
6peteHuns, a poxon ans AT&T — 13-3a 4ero HekoTopble Aaxke WyTmnu: “Hem 6onbLue
€AVHUL B HOMEpEe TBOEro oTaena, TeM MeHbLUE OT Bac NONb3bl”.

NabopaTopwa benna 6bina Ans y4eHbIX 4eM-To Bpoae Hay4Horo [ucHenenaa, rae
nccnepgosareny pabotanu Hag yMONOMPa4UTeNbHbIM KONMHYECTBOM Pa3HO0Bpa3HbIX
NPOEKTOB. MHOrMe OCTaBNANM OTKPbITLIMM ABEPU CBOMX KAOWMHETOB, 4TOOLI B NOBOM
MOMEHT K HUM MOXXHO 6bIN0 3arnaHyTb M 3adaTb MHTEPECYOLME BONPOCHI. JKcnepu-
MEHTanbHble U3k 13 oTaena GUONOrMYECKMX BbIYMCNEHUI ObiNM MMOHEPaMn 1c-
nonb3oBaHusa OyHKUMoHansHON MPT 1 NPoaBUHYTOM MUKPOCKONUM ANt HAOMIOAEHWIA
32 aKTMBHOCTbLIO HEMPOHOB. B APYroM KOHUE 3aaHMsa KOMMbIOTEPLLMKK padoTanu Han
npo6nemMor MaLMHHOro 06y4eHns — npouecca, NPy KOTOPOM KOMMbIOTEP cnocobeH
COBEPLLEHCTBOBATLCA HA OCHOBE NOMY4EHHOrO OMbITa, @ He NPOCTO BLINONHATL 3an0-
XKEHHYIO NPOrpaMmy.

Bckope s n3obpen anroputMbl, NO3BONsAIOWME 06y4aTbCA NCKYCCTBEHHBLIM HEIA-
POHHLIM CETAM, N pa3paboTan MaTeMaTtU4ecKyld TeOPMI0 HEMPOHHOW Lenu 3agHero
MO3ra, KOTOPYIO Ha3Ban MHTErpPaTopoM ABMXXEHWI rnas. f NPoJoHKMN CBOK paboTy
1 nocne nepexoaa B MaccavyCeTCkuin TEXHONOMMYECKNIA MHCTUTYT B Ka4eCTBe accu-
CTeHTa npodpeccopa. B 2004 r. s ctan npodeccopoM. A aomkeH 6bin papoBaTbCs,
HO BMECTO 3TOro 4yBCTBOBaN NoAaBneHHOCTb. Mos Teopusa nHTerpatopa ABvKEHW
rnaa 6bina UHTEPECHOM 1 Aaxe NPaBaonoao6HOM, ecnu CyauTb NO 3KCNepUMeHTanb-
HbIM Tectam Moero coTpyaHuka [asmaa TaHka m3 [NpuHcToHa. HO Apyrue yyeHbie
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npeanaranu cBov TEOPUK, N KOHCEHCYCa B 3ToM obnactn He Hamevanocb. Mos Teo-
pvs Npeanonarana cyLecTsoBaHue 06paTuMbIX CBA3EN MEXAY UHTErpaTopHLIMU HEW-
pOHaMW. XOTA Aaxe CnycTsa AECATb NET U3y4eHWs A BCE eLLe HE YBEPEH, CBA3aHbI NN
WHTErpaTopHble HEMPOHbI APYT C APYroM BoobLue!

Koraa s noxanosancsa [asuay, OH NPeanoXun MHE M3MeHUTb dhOKYC Mccneao-
BaHuii. B 1990-x rr. Mbl 06a pabotanu B JTlabopaTopuax benna ¢ Bundpuoom [de-
KOM, KOTOPbIN 3aTem nepeexan B NHCTUTYT BuoMexaHn4ecknx nccnenosanmin Makca
Mnarka B Menpensbepre. Tam OH co3pan reHnanbHoe aBTOMATUYECKOE YCTPOMCTBO,
KOTOpPOE MOrMo oToBpaxarb NOBEPXHOCTb 6Noka TKaHW MOo3ra, a 3aTem cpesatb TOo-
HEHbKMWN CNOM TKaHW M NokasbiBaTb HOBYKO MOBEPXHOCTL. [1OoCTENEHHO cpe3as Bce
6onee rny6okune cnon 6noka, yCTPOMCTBO CO3AABANIo TPEXMEPHOE N3o6paXkeHme Tka-
HW Mo3ra. bnarogaps ToMmy, 4TO yCTPOMCTBO BuHdpmaa ncnons3osano 3NeKTPOHHbIN
MMKPOCKONM, OHO 6bIN0 AOCTATOYHO YYBCTBUTENbHLIM, YTOOLI OTOBPAXaTh CUHANCHI U
BCE HEeNpPOHbI B 6noke TkaHw. (BcnoMHuTe, 410 Kaxans Co CBOMM CBETOBbLIM MUKPOCKO-
NOM M OKPaCKom No MoNbAXW MOr BbISBUTbL MWL HEGONLLLIOE KONMYECTBO HEMPOHOB U
BOBCE He Habnioaan cuHancel.) B npuHUMNeE, No TakoMy M30OPaKEHWNIO MOXXHO 6bINo
6bl BOCCO3AaTh CXEMY B3aMMOCBA3€EN B hparMeHTe TKaHW MO3ra, OTCNexmsasn pa3BeT-
BNEHWNA HEMPOHOB M PACMNONOXEHWNSA CUHANCOB.

CyTb 6bina B TOM, 4TO TpeboBanoCb aHanu3nMpoBaTb OFPOMHOE KONWYEeCTBO
AaHHbIX n3obpaxkeHuin. YCTponcTeo BuHdpuaa noTeHumansHO MOrMo co3aaeath
netabanTbl MHoOpPMaUUM C KyOMYECKOrOo MUNNUMETPA TKaHW, YTO PaBHOUEHHO
MMNAnapay n3obpaxeHnin B Bawem dotoansbome. PyyHoe BOCCO3AaHME CXEMbI
B3aMMOCBA3el 3aHAN0 Obl YPE3BbLIYANHO MHOMO BPEMEHW. A Havan paboTtatb Hap
YCKOPEHMEM aHanu3a M306paXeHWin C NOMOLLbIO KOMMLIOTEPHOW aBToMaTM3aumnu.
B 2006 r. Mo nabopartopus Havana cCoTpyaHu4ecTso ¢ naboparopvert BuHdpuaa
Haa NPUMEHEHWEM K ero n3obpaxeHusM MeToda MalWHHOro oby4eHus. JTOT Me-
TOA BbIYUCNEHWUIA CYLLIECTBEHHO NOBLICUN CKOPOCTb M TOYHOCTb TPEXMEPHbBIX PEKOH-
CTPYKUMiA HerMpoHoB. OAHAKO 3TOT METOA Toraa UMeN eLle AoCTaTo4HO OLWMBOK, No-
3TOMY HE MOT MOMIHOCTLIO 3aMEHUTb YENOBEYECKUIA MHTENNEKT. B 2008 r. Mbl Ha4anu
pa3paboTKy NporpaMMHoOro o6ecneyeHns, KoTopoe Nno3sonmno 6bl NoaamM paboTatsb
BMECTE C MalUMHaMW Haf CO3AaHNEM PEKOHCTPYKLMM HEMPOHHBLIX CXEM. B KOHEYHOM
MTOre 3T0 NPEBPATUNOCH B NPOEKT “N0OUTENBCKOM HAayKn" Nog HassaHueMm EyeWire,
B KOTOPOM € 2012 1. 6bIn0 3aperncTpuposaHo 6onee 150 TbICAY Yy4aCTHUKOB 13 CTa
cTpaH (http://blog.eyewire.org/about). Y4acTHukn EyeWire aHanuanposanu
n3obpaxkeHns, urpas B Urpy, HamoMMHaIoLLYylO TPEXMEPHYIO packpacky. Pasykpa-
LUMBas ee, OHW BOCCTaHaBNvBanu BETBU HEVPOHOB, KOTOPbIE CNyxaT “NnpoBOAKONR”
Mogra (pwuc. A).

B 2014 r. B xypHane Nature 6binv ony61MKoBaHbl NEPBble AOCTYXKEHUA NPOrPaMMbl
EyeWire: npnarpamma cBszein HEMPOHHOM CXEMbI CeTHaTKU. JTO OTKPLITUE NPeanoXu-
NO HOBOE peLueHve Npobnembl, Haf KOTOPOW HepoyyeHble bunuce 6onblue 50 ner:
Kak ceT4aTka onpeaenseT NOABWXKHbIE 3pUTENbHBbIE padapaxutenn? Cenvac yyeHole
BbINOMHAOT Pas3NnyHble TECTbI, UCMbITbIBASA HALLY TEOPWIO, N TONBKO BPEMS MOKaXeT,
WCTUHHA M OHa. Ho y>Ke TOYHO ICHO, YTO HaLW BbIHUCNUTENbHLIE TEXHONOMMM ANA
PEKOHCTPYKUMN B3aMMOCBA3EN YCKOPUNM NPOrpPeCC B NOHUMaHUM PabOTbl HEMPOHHBIX
cxeM. Cenyac 1 HaxoxyCb B NPUHCTOHCKOM HEMPOHAYy4YHOM MHCTUTYTE 1 NPOAOIKAI0
paboTaTb Haf CBOEN MEeYTON — Haf pacLUMdPOBKOM KOHHEKTOMA, KOTOPLI NPeAcTas-
nseT cobol NONHYKO CXEMY CBA3EN B HEPBHOM CUCTEME OpraHu3mMa.
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Puc. A. CeMb HerpoHOB HEBOSLLUOrO y4acTKa CeTyaTky, BOCCTAHOBNEHHbIE NO
ANEKTPOHHLIM MUKpodhoTorpacuam. OTPOCTKM KaXA0ro HENpPOHa OKpaLUeHb! pas-
Nu4HbIMK uBeTamu. (U3o6paxeHus npeaoctasunm Dr. Sebastian Seung, Princeton
University, and Kris Krug, Pop Tech)

4yBCTBUTEJIbHBIM NyTAM. Hanpumep, 3oHa 17 (wm V1) cayXuT nepBUYHOR
3pUTEJIBHOI KOPOH, MOTOMYy YTO OHa NEPBOIl MPUHUMAET BXOJHbl€ CUTHAIbI
OT IIa3 1O NMPAMBIM IyTAM: OT CETYATKM K TaJaMycy, a 3aTeM K kope. Bropoii
TUII HOBOI KOPBI COCTOUT U3 8MOPUUHBLX UYECTIEUMEIbHBLX 30K, HA3BAHHBIX TaK
13-32 UX OGUJIbHBIX CBSA3€i C NEPBUYHBIMU YyBCTBUTEIbHBIMU 30HaMU. TpeTuit
THII KOPbI COAEPKUT J8uzamersiaie 30Hbl, TECHO 3a/leiCTBOBAHHbIE B KOHTpOJIE
IPOM3BOJIBHBIX ABMXKEHUIl. DTH 30HBI KOPBI MOJIYYAIOT UHHEPBALMIO OT sjep
TajaMyca, epeHanpaBIsSioOMUX HHGHOPMALIMIO U3 OCHOBAHUS MO3ra M MO3Xeu-
Ka. JTa e 30Ha FeHePUPYET BbIXOAHbIE CUTHAIBI, KOHTPOJUPYIOLINE MOTOHEH-
POHBI CTBOJIa MO3Ta ¥ CIIMHHOrO Mo3ra. Hanpumep, akCOHbI HEHHPOHOB KOPKO-
BOTO Mo 4 JOCTUrAIOT MOTOHEHPOHOB NEepeIHUX POroB CIMHHOIO MO3ra, 3a
YTO OHU GbLIM Ha3BaHbI IE€PBUYHOM ABUraTeIbHON KOpoit, uau M1. CuuTaeTcs,
YTO OOIMIT IPeJOK BCEX MJIEKONUTAIOMMX MMeJl nopsaka 20 pasjnyHbIX 30H,
MPUHAJJIEKALMX K 3TUM TPEM TUIAM.

Ha puc. 7.29 nokasaHbl MO3T KPBICBI, KOUIKH U Y€JIOBEKA, HA KOTOPBIX OTMe-
YeHbl YyBCTBUTEIbHbIE U JBUTAaTeIbHbIE 30HbI. YeTKO BUAHO, YTO, KOT'Za Mbl IO~
BOPHM O PAaCIIMPEHUH KOPBI B IIPOLIECCE IBOJIIOIMH MJIEKOMUTAIOIUX, GOJIblle
BCETO YBEJIMYMBAETCS KOPa, PAaCIOJIOKEHHas MEXIy 3TUMU 30Hamu. bonbuas
YacThb NPOMEXYTOYHOI KOpbl OTpa)kaeT pacliMpeHUe BTOPUUYHBLIX UYBCTBU-
TeJIbHBIX 30H, Y4aCTBYIOIIMX B aHAIN3€ YyBCTBUTEJIbHOI PIHCl)OpMaI_(PII/L Hanpu-
Mep, Y IPUMaTOB, KOTOPBIM IPUXOJNTCSI MPAKTHUYECKH BO BCEM I10JIaraThCs Ha
3peHue (B3TYTPYINIyBXOAUT U YeJIOBEK), KOJIUYECTBO BTOPUYHBIX 3PUTEIbHBIX
30H cocTasiseT oT 20 10 40. Tem He MeHee Aaxce N1OCJIe HA3HAYEHHU s e PBUYHbIX
YYBCTBUTEJIBHBIX, JBUIATEIBHBIX U BTOPUYHBIX YYBCTBUTEIBHBIX 30H KPYIHBIX
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PEruoHOB MO3ra B 4€JIOBEYECKOM MO3T€e BCE €llle OCTAETCS 3HauYuTe IbHas IUIO-
IaAb, NPUXOJAINASACH, B YACTHOCTH, Ha JIOGHBIE U BUCOYHbIE AOJHU. ITO acco-
YuUamueHsle 3015, KOPbl. ACCOIIMATUBHAS KOPA SIBJISETCSA CAMbIM HOBBIM 3BOJIIO-
IIMOHHBIM NPUOOPETEHMEM, XapaKTEPHOIl OCOGEHHOCTbIO MO3ra NPUMaTOB.
Bo3HukHOBeHHe “pa3dymMa” — Hallleil YHUKIbHOI COCOGHOCTH HUHTEPNPETH-
pOBaTh NOBeJieHNe (Halle COGCTBEHHOE U JPYTHUX) B IIaHE HEBUAUMBIX IICUXU-
YeCKUX COCTOSHHU, TaKUX KaK JKeJaHUs, HaMepeHUs U yoexJeHus — GoJiblue
BCEro KOppeJMpyeT C pacliMpeHueM JIOOHOI Kopbl. M AeiticTBUTENBHO, TOBPEX-
JleHUs JIOGHOM KOPbl MOTYT CYIIECTBEHHO MEHATD IMYHOCTb UHAUBUAYYMA.

ComaTuyeckas  yBCTBUTENBbHO-
4yBCTBUTENbHAA  ABUraTe/IbHAs

[BuratenbHas

3putenbHas

HYBCTBUTENLHO-  3pyrenbHas

3puTtenbHas [BUraTenbHas

Y

<8 Ob6oHaTenbHas
CnyxoBas nykosuua CnyxoBsas O6oHsTENbHAS

nykosuLa

Cnyxosas
Yenosek Kowka Kpbica

Puc. 7.29. Bug c60Ky Ha KOpy Mo3ra Tpex BugoB. O6paTute BHUMaHWe, Kak B YeNOBEYeC-
KOM MO3re pacLUMpeHbl 30Hbl, KOTOpblE HE NPUHAANEXAT HA NEPBUYHON YYBCTBUTESIbHOW,
HW ABUraTenbHon kope

PE3IOME

HecmoTps Ha TO YTO B 3TOif MIaBe TaK MHOTO HOBOIT MH(OpMaLUH, Mbl pac-
CMOTPEJIM HEPOAHATOMMIO MO3ra BeCbMa IIOBEPXHOCTHO. Tenepb Bbl MOHUMa-
eTe, YTO MO3T 3aCJIy>KEHHO CYUTAETCS CAaMbIM CJIOXKHBIM ITpeMeToM BO Beesen-
Hoi1. To, 4TO BbI y3HAIM 3/1ECh, JIUIIbL 000JIOUYKA, CKOPJIYIa HEPBHOII CUCTEMBI U
HEKOTOPBIX €€ 3JIEMEHTOB.

Ilonumanue HelipoaHATOMUM HEOOXOJUMO JJI1 NIOHMMaHUA pabOThl MO3ra.
ITo yTBepKAEHHE OAUHAKOBO CIIpaBeUIMBO U AJIs CTYAEHTA, U3yJaloIero Hei-
POHAyKH, U JJI HEBpoJIora WM Heiipoxupypra. C pa3BUTHEM HOBBIX METO/IOB
BU3YyaIM3aLIMH XXUBOIO MO3ra HelipOaHaTOMHUS BHOBb CTaJla aKTyalbHOM.

B koH1e 3TOl MIaBbl B KaUe€CTBE NPUJIOXKEHHUS NIPEJCTaBIEHO UUIIOCTPUPO-
BaHHOE€ PYKOBOJCTBO IO HejipoaHaTOMuM yejoBeka. McnosbayiiTe pykoson:
CTBO B KayecTBe amiaca JJis ONpeAe/eHUs PACIIOJJOXKEHUs] HHTEPECYIOIUX Bac
cTpykTyp. Taxxe, 4ToGbl NIOMOYL BaM 3alIOMHUTb Ha3BaHHUs 3JIEMEHTOB HEpB-
HOM CUCTeMbI, GYAyT NpeAJIOXKEHbI 33JaHUs Ha MOJIIUCh PUCYHKOB.
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B paszgene “UyscTBUTENIbHBIE U ABUTaTEIbHbIE CUCTEMbI” AHATOMUS, IPUBE-
JIEHHas B 3TOH IVIaBE U B IPUJIOXKEHUH K HEH, 0XKUBET, KOTJa Mbl OyleM U3y4yaThb
OOOHsIHME, 3PEHHE, CIYX, OCA3AHUE U JBHXKECHUS.

Puc. 7.30. MPT-ckaHbl aBTOpOB. CKOMbKO CTPYKTYP Bbl MOXETE 3[4€Chb Ha3BaTb?
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KnioueBble TEPpMUHDbI

OG1ee ycTpOHCTBO HEPBHOI
CHCTEeMBI MJIEKOITUTAIOIUX

aBTOHOMHasl HEPBHAs CHCTEMaA
(AHC)

acddepenTHbIH

0OJIbIIOI MO3T

BE€HEYHas IJIOCKOCThb

BEHTPAJbHbIN

BucuepantbHas [THC

TOPU30OHTaAIbHas IIOCKOCTh

JAOpCaIbHbIN

XeJIyAoYKOBas CUCTEMA

3aJHUN

3aIHUI KOPEIIOK

HIICWIATEPAIbHbIIA

KayJalbHbIi1

KOHTpaJlaTe pajbHblii

JIATePAIbHbIN

MeIUaJIbHbII

MO3r

MO3TrOBbI€ 060JI0YKU

MO3XEUYO0K

MSTKasi MO3roBast 060JI0YKa

MIayTHHHAs MO3roBas 060JI049Ka

nepeaHuin

nepeaHuil KOpeuok

nepudgepHuuecKas HepBHas
cucrema (ITHC)

NOJIylIapusi MO3Ta

POCTpaIbHbIN

CaruTTaIbHAsA JIOCKOCTh

comatuueckas [THC

CIIMHHOM MO3r

CIIMHHOMO3T0Bast XKUJIKOCTh
(CMX)

CIIMHHOMO3T'OBOIi raHIJINI

CIIMHHOMO3TOBbl€ HEPBbI

CpeauHHas JUHUS

CpeANHHas CarUTTalbHas
IJIOCKOCTbD

CTBOJI MO3ra

TBepJasi MO3rosas 060JI04Ka

LleHTpalbHAsl HEPBHAs CHCTEMa
(LTHC)

YepEenHOoi HEPB

a¢pdepeHTHBI

ITonnmanme crpykrypsnl IIHC
Ha 3Tanax ee pa3BUTHS

0eJioe BelecTBO

GOKOBOI XKeJTyA0YEK

6opo3zna

BUCOYHAs A0JIS

BHYTPEHHsS KarcyJa

BOJIOIIPOBOJ] MO3ra

TaHT AN

TUNOTAIAMYC

muddepennmanus

3alHUI1 MO3T

3aJHUI1 por

3aThLJIOYHASA A0JISA

W3BUJIMHA

KaricyJsia

KOMICCypa (craifka)

KOHEYHBbIIf MO3T

Kopa

Kopa Mo3ra

KOpPKOBO€ 6€eJIoe BELIECTBO

KpbllIa

JIEMHUCK

JIOOHAsA A0JIA

MO30JIUCTOE TEJIO

MOCT
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HelpoHHas Tpy6Ka Talamyc
HEUPOHHBII rpe6GeHb TEMEHHas J0JiA
Helpyasauus TPaKT

HEpB TPEeTHUH XKeayfodeK

OGOHSATENIbHASA JIYKOBULA
OCHOBAaHME KOHEYHOTO MO3ra
repeJHUI MO3T
nepegHUil por

MIOK PbILIKA
IIPOJOJIrOBAThII MO3T
IIPOMEXYTOYHbIIT MO3T
My4O0K

IATHO

cepoe BEIECTBO
CpeAHUI MO3T
cy6cTaHIMsA

LeHTpalbHasA 60po3aa

LleHTpaJIbeIﬁ KaHaJI CITIMHHOTI' O

Mo3ra

YETBEPTHIM XKETYJ0UEK

aApo

IIyTreBOoauTE L IO KOPE
TrOJIOBHOIO MO3ra

TMIIOKAMII

KOHHEKTOM

HOBas KOpa (HEOKOPTEKC)

OGOHSATEIbHAA KOpa

LUTOAPXUTEKTYPHas KapTa

1. CnMHHOMO3roBbl€ raHIJIMU IPHHALIEKAT K HEHTPAIbHON MU

Bonpocbl gns camonpoBepkKu

K nepudepuveCcKoil HEPBHOI CUCTEME?

2. MuennHOBbBIEe 06OJIOYKH aKCOHOB 3pUTEJILHOTO HEPBA 00pa30-
BaHbI KIeTkamu [[IBaHHa nm ourogeHapourtamu? [Touemy?

3. IlpeacraBbTe, YTO Bbl HEHPOXUPYPT, YAAIAIOIHUI ONyX0JIb B IJIy-

4.
6puona? HepBHblil rpe6eHb?
5.
JIIETCS TAKXKe YaCThIO CTBOJIA MO3ra?
6.
KOTOpbIE€ OHA IIPOXOAUT Ha CBOEM ITyTH OT MO3Ta B KPOBb.
7.

6uHe mo3sra. CBoj yepena yjaneH. YTo Tenepb pacrosoxeHo
MeX]ly BAMU U IOBEPXHOCThIO Mo3ra? Kakoii cioit (i cion)
Heo6X0JUMO nepeceydb, 4To6bI JocTHub CMIK?

Kaxas cyap6a TkaHHU, U3 KOTOPOIl COCTOUT HEPBHasA TPy6Ka am-

Ha3sosure TPH NIABHbIE€ YACTH 3aTHETO MO3ra. Kakas u3 HuX 98-

I'ne o6pasyerca CMK? Kakoii nyTh OHa MPOXOJUT IE€peJ BCAChl-
BaHHUEM B KPOBEHOCHOe pycjo? HasoBure yacTu mo3sra, uepes

Kakue Tpu xapakTepUCTHKM ONMMCHIBAIOT CTPYKTYPY KOPBI ro-
JIOBHOTO MO3ra?
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UnniocTpupoBaHHOe PYKOBOACTBO
Mo HeMpoaHaTOMUMN YesioBeKa

B arovi rnase. ..

BBEAEHUE

AHATOMUA NOBEPXHOCTU MO3rA
JlaTepansbHas NOBEPXHOCTL MO3ra
MeamanbHaa NOBEPXHOCTbL MO3ra
BeHTpanbHas NOBEPXHOCTL MO3ra
[lopcanbHas NoBepPxXHOCTbL MO3ra

AHATOMUA NONEPEYHbIX CPE30B MO3rA
[MonepeyHbIn cpesd 1. MNepeaHunii MO3r Ha ypoBHE
COEeAMHEHNS Tanamyca C KOHEYHbIM MO3roM
Monepe4Hbli cpes 2. Mepeanuin MO3r nocepeavHe
Tanamyca
MonepeyHbIn cpes 3. NepedHnii MO3r Ha ypoBHe
coeanHeHnsa TanaMyca CO CPeaHVM MO3roM
[MonepeyHblin cpes 4. PocTpansHas 4acTe CpeaHero Moara
[Monepe4Hbli cped 5. KaypanbHasa 4acTb CpeaHero Mosra
MonepeyHblin cpes 6. MOCT 1 MO3)XXe4oK
MonepeyHblii cpes 7. PocTpanbHas Y4acTe NPOAONroBaToro
Mo3ara
[Tonepe4yHbIi cped 8. CpeaHss 4acTb NPOAONroBaToro
Mo3ra
MonepeyHbii cpes 9. Mepexon NPOAoNroBaToro Mo3ra
B CNWHHOM
CMUHHON MO3r
3agHas NOBEPXHOCTb CAMHHOMO MO3ra 1 CMMHHOMO3IOBbIX
HepBoB
[MepeaHebokoBas NOBEPXHOCTb
AHaTOMVA NONepeYHbIX CPe30B
ABTOHOMHAA HEPBHAAl CUCTEMA
YEPENHbLIE HEPBbI
KPOBOCHABXEHUE MO3ra
Bwa cnepeavn
Bua cboky
Bua naHyTpw (CTBON MO3ra yaaneH)
3AQAHUA ONA CAMOKOHTPONA
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BBEOEHWNE

Kak B b1 y>xe 3HaeTe, OJHUM U 3 INIOAOTBOPHBIX CIIOCOGOB U3y4eHUS HEPBHOM
CUCTEMBI IBJISIETCS pa3fieIeHHe ee Ha (PYHKIMOHANbHbIE CTPYKTYpPhI. Tak, o6omns-
MeAsHAR CUCEMA COCTOUT U3 OTJEJIOB MO3ra, IPUHUMAIOIIUX yJyacTHe B OGOHSA-
HUU, 3PUmesshas cucmema BKIIOYAeT YaCTH, C IOMOUIbIO KOTOPIX Mbl BUJUM, U
Tak ganee. XoTa PYHKIMOHAIbHBINA NOJXOA K MCCJIEJOBAaHUIO HEPBHOI1 CUCTe-
MbI UM€eT MHOXECTBO IIPEUMYILECTB, OH BCE )K€ He II03BOJISIET YBUAETD “O0IIYIO
KapTHUHY” — KakK BCE 3THU CHUCTEMbI B3aMMOJEHCTBYIOT B KOPOOOUKE IOJ, Ha3Ba-
HHEM MO3I. ITO WUIIOCTPHUPOBaHHOE MPIJIOKEHKE K IIaBe 7 CO3JaHO JUIs TOTO,
YTOGBI IOMOYb BaM YYUTb aHATOMHUIO. 3€Cb BHUMaHHUeE GYAET COCPEAOTOUYEHO
Ha HAa3BaHUAX CTPYKTYP U UX (PUIMYECKUX B3aUMOCBA3fAX, 6€3 pacCMOTpPEHUs
MX (PYHKIIMOHAILHOTO 3HAYE€HU .

PyxoBoacTBO pasjesieHO Ha miecTh yacTeil. B nepBoii yacTu paccmaTpuBa-
€TCsl aHATOMMS BHELIHEH YacTH MO3ra — CTPYKTYpbl, BUAMMbIE HEBOOPYXEH-
HbIM IJIa30M IIPU B3IJISZlE HA MO3T B LI€JOM U Ha IOJIylIapHs, pa3/JeJeHHbIE 110
CpeAHel cCaruTTAIbHOM JUHMU. Jlasiee Mbl pacCCMOTPUM aHATOMUIO TyOMHHBIX
OTZAEJIOB MO3ra C IOMOUIbIO I1OCJEJOBAaTEJbHbIX CPE30B MHTEPECYIOIMUX HaC
CTPYKTYp. TpeThs 1 ueTBepTas 4aCTH KACaIOTCS CHMHHOTO MO3Tra M aBTOHOMHOI
HepBHOH cucTeMbl. [1aTas yacTh pyKOBOJCTBA MTOCBSAIIEHA YEPENTHbIM HEPBaM
U UX padHoO6Gpa3HbIM (pyHKIUAM. B mocieaneit yacTu GyAeT MOKa3aHO Kpo-
BOCHa0XeHHe MO3ra.

Hepsnas cuctema cOCTOMT U3 MHOXECTBA CTPYKTYpP U AeTaleil. B aTom py-
KOBOJICTBE Mbl PACCMOTPHUM HMX KPAaTKO, HO JaXke TaKOW COKPalE€HHbII aTjac
HEIIpOaHATOMHUHU OGECNEYUT BaM NPWINMYHBIN CIIMCOK paHee HE3HAKOMBIX Tep-
MUHOB. [ToaToMy, YTOGBI MOMOYDb BaM Pa300paThCs B TEPMUHOJIOTHH, B KOHIIE
IaBbl Mbl IPUBOJMM OGIIMPHBII pa3fes C 3aJaHUSMU AJs CAMOKOHTPOJIS B
BUZie paGO4YMX JHMCTOB.

AHATOMUA NOBEPXHOCTU MO3IrA

IIpencrasbTe, UTO BbI AEPKUTE B PyKaX YeJOBEYECKUI MO3T, TOJbKO 4TO U3-
BJIeYEHHBIIT U3 yepena. OH BJIAXHBII, yIPYTUil 1 BeCUT NPUGIU3UTENLHO 1,3 Kr.
ITocMOTpeB CHU3Y Ha JOPCAIBHYIO IIOBEPXHOCTb MO3Ta, MOXHO YBUAETH U3BU-
TYIO IOBEPXHOCTDb MO33KeuKa. [IepeBepHYB MO3T, MOXHO PaCcCMOTPETD CJIOKHYIO
BEHTPAIbHYIO IOBEPXHOCTh MO3Ta, PacloJjIOXEeHHYI0 CHU3Y. Eciu nepxaTh Mo3r
U CMOTPETb Ha HETO COOKY, TO CTAHOBUTCA BUAHA (pOpMa MO3ra B BUjie 6apaHbe-
ro pora, KOTOPbIif OTXOJAUT OT CTBOJIa MO3ra. CTBOJI MO3ra Jydlle BUAEH, €CIU
pa3pe3aTh MO3I YETKO [0 CPeAUHHOI JIMHUU U PACCMOTPETD €T0 II0JOBUHKH C
BHyTpeHHel CTOpPOHBI. [l Hayala Mbl HA30BEM BaXKHEHIINE CTPYKTYPbI MO3ra,
KOTOpbI€ MOXHO YBUETb ITPU TaKOM ocMoTpe (puc. 1).
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Bua ceepxy Jlo6 Bua chnay Jo6

3aTbiNok 3atbinok

Bua cboky Bun B paspese
wm&\}‘w"

AR
Jlob <——> 3atbinok Jlob <«——> 3aTbinok

Puc. 1. BaxHenwme CTpyKTypbl MO3ra

JlatepanbHas NOBEPXHOCTb MO3ra
(a) O6wme XxapaKTepUCTHKK

Ha puc. 2 npeacrasneno uzo6paxenue moasra. Ipu o6uem ocMOTpe MOXHO
BBISIBUTbH TPU OCHOBHbIE YAaCTH: GOJIbIIOIM MO3T, CTBOJI MO3Tra U IOKPITHIN MeJI-
KMMM U3BMJIMHAMU MO3xeuok. Tarke B GOKOBOIT NPOEKIMM BUAHA KPOXOTHAs
O0GOHATEIbHAS JTYKOBUIIA.



348  HeiipoHayku. Viccneposanuve mo3ra

BonbLwoi Mo3r

OboHaTeNbHas ykosuUa

Mo3axeyok
CrtBon mo3ra

Puc. 2. Moar, g c60Ky

(6) N3BuNKMHbI, Gopo3Aabl 1 Wenm

Mo3r UMeET CJIOKHYIO NOBEPXHOCTD (pHC. 3). Boinupanus Ha3bIBAIOTCA u3-
suUAUNAMU, YTITYOJIEeHUs — 60po3damu, caMble IIyOOKHE U3 HUX HOCAT Ha3BaHUS
weneil. KapTyHa U3BUJIMH U 6OPO3/ CUJIbHO Pa3IMYa€TCA y Pa3HbIX JOJEH, HO
€CTh HECKOJIbKO YHUBEPCAIbHBIX OCOGEHHOCTE!, CBOMCTBEHHBIX MO3Iy BCEX
mojei. 31ech MOKa3aHbl HEKOTOPbIE BaXXHble OPUEHTUPbI. OGpaTUTE BHU-
MaHHe, YTO NMOCTUEHTPalbHAsg M3BUJIMHA JIEXXKUT HEMOCPEJCTBEHHO IT033JU
IeHTPaIbHOII 60pO3/bl, a NpeleHTPaIbHAsA U3BUJIMHA PaCHOJOXEHA HeIro-
CpeacTBEeHHO nepej Heil. HelipoHbl NOCTHEHTpaIbHOM U3BUIMHBI IPUHUMA-
IOT y4aCTHe B COMAaTHYE€CKOM BOCHPHUSATHH (OCA3aHUM), a HEIIPOHBI NpELeH-
TPaIbHOI1 U3BUJMHBI KOHTPOJHUPYIOT IPOU3BOJIbHBIE JABMXEeHUA. HellpoHsl
BEPXHE1 BUCOYHOI1 U3BUJIMHBI YUaCTBYIOT B Ilepefaue U 06paboOTKE 3BYKOB,
T.€. OTBEYAIOT 32 CJYX.
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LeHTpancHas
6opo3na

MpeueHTpanbHas
U3BMUINHA

MocTueHTpanbHas
N3BUNMHA

BepxHas BucoyHas

CunbBueBa Lenb U3BUNHA

Puc. 3. N3sunuHbl 1 60po3abl

(8) Aonu Mo3ra u oCTPOBOK

ITo croxuBLIeiics TPaAUIIMU MO3T AEJUTCA HA JOJHU, KOTOPbIE€ Ha3bIBAIOTCSH
B COOTBETCTBUHU C HA3BAaHUSMU KOCTEH yepemna, oA KOTOPbIMH OHHM PacIoJIo-
xeHbl (puc. 4). llenTpanpHas 60po3za OTeNSeT JOOHYIO OO OT TEMEHHOI.
BucouHast noss pacrnosioxkeHa BEHTPlIbHee MIyGOKOM JATepalbHOM (CHJIbBU-
€BOI1) meaH. 3aThIJIOYHas JOJIs pacliojIoXKeHa B caMOM 3aJHeil YaCcTH Mo3ra U
IPAaHUYUT C TEMEHHOM U BUCOYHOI Joeil. Ecam akkypaTHO pa3BecTu Kpas Jja-
TEPIbHOI e, CTAHOBUTCA BUAHA CKPBITas 4acThb KOpbI MO3Ta — 0CMposoxK,
WA OCTPOBKOBAS AOJS.

JlobHas
(dbpoHTanbHas)

nons \ 7

TemeHHas
(napuetanbHas)

3aTblnoyHas gons

Bucounas gons

Puc. 4. lonm mosra
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(r) OcHOBHbIE YYBCTBUTENbHbBIE, IBUraTENbHbIE U aCCOLUATUBHBIE
30HbI KOpbI

Kopa rosioBHOro Mo3sra noso6Ha JIOCKy THOMY o/iesuty. PasHble 30HBI, BiepBbIe
onpejeaeHHble BpogMaHOM, OTIMYAIOTCSA APYT OT APyra CTPYKTYPOii U QyHKIU-
amu (puc. 5). O6paTuTe BHUMaHUeE, YTO 3PUTEIbHbIE 30HbI PACIIONIOXKEHBI B 3a-
TBUIOYHOM J0JI€, 30Hbl COMAaTUY€CKOM YYBCTBUTEJbHOCTH — B TEMEHHOM, a Cay-
XOBble — B BUCOYHOI1. Ha HMXHel TOBEPXHOCTH TEMEHHOM A0/ (NOKPbILIKE) U
OCTPOBKE PacI0/I0XKEHa BKYCOBas KOPa, OTBETCTBEHHAS 32 BOCIIPUATHUE BKYCOB.

30Hbl BpoamaHa
Puc. 5. 3oHbl BpogmaHa

IToMrMo aHaMM3a YYBCTBUTENbHOI MHGOPMAIMH, KOPa MO3ra NPUHUMAET
6OJIBIIIOE yYaCTHE B KOHTPOJIE IPOM3BOJIbHBIX, Ll€JIeHAIIPaBIE€HHBIX JBUXEHUIA.
OcHOBHbIE 30HbI KOHTPOJISI JBHXKEHUIA PACIIONIOXKEHBI B JIOOHOI JoJie, nepen
LEHTPaIbHON 60po3x0ii. Bonbiyio miowase KOPbl Y€JI0BEYECKOro MO3ra He-
BO3MOXXHO 3aKPENUTD 32 OTAEIbHBIMI CEHCOPHBIMU WM ABUraTeIbHbIMU (YHK-
nuamMu. OHM (pOPMUPYIOT aCCOLMALIMU KOPKOBBIX 30H. OCO60 BAXXHBIMU U3 HUX
ABJISIOTCA NPpe(POHTAIPHAS KOPa, 3aJHsAsA TeMEHHasl Kopa U HMXXHEBHCOYHas
Kopa.

MeauanbHas NOBEPXHOCTb MO3ra
(a) CTpykTypbI CTBONA MO3ra

Ecnn paspesatbh MO3r nocepesuHe, CTaHET BUAHA €r0 MeJUaIbHas TOBEPX-
HOCTb, U300pakeHHas Ha puc. 7. Taxxe U3 3TOro pakypca OTIMYHO BUJHA IO-
BEPXHOCTb CPEJMHHOTrO Pa3pe3a CTBOJA MO3ra, COCTOSIIETO U3 MPOMEXYTOY-
HOTO MO3ra (TaJIaMyC ¥ TUIIOTAIaMyC), CPEHErO MO3ra (KpbIllla ¥ NOKPBIIIKA),
MOCTa ¥ IPOA0roBaToro Moara. (CnesyeT OTMETHTD, YTO HEKOTOPbIE aHATOMbI
OTHOCHT K CTBOJIy MO3ra TOJIbKO CPEJHMIT MO3T, MOCT U IIPOOJIrOBaThIi MO3JT.)
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MepBuyHas aBuratenbHas

Kopa (3oHa 4
[ononHutenbHas P ( )

MOTOPHas kopa (30Ha 6)

ComatoceHcopHas kopa
(30HbI1 3, 1,2)

3apHasa napveTanbHas
Kopa (30Hbl 5, 7)

[MpemoTopHas
Kopa (30Ha 6)

3putenbHas kopa
(30HbI 17 18, 19)

HuxHeBrcOYHas kopa

(30Hbi 20, 21, 37) CnyxoBas kopa
(30HbI 41, 42)
30HbI ABUXEHNS BKycoiaSH Kopa
' CeHCOpHbIe 30HbI (30Ha 43)

N\ 3oHbl accoupauuii

Puc. 6. KnioveBble 30HbI KOPbI MO3ra

Tanamyc

Annpus

Mo3axeyok

Baponwves mocTt
[popmonroartbiii MO3r

Puc. 7. CtBon mo3ra
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(6) CTpykTypbl NEpeaHero Mo3ra

Ha puc. 8 nokasaHbl BaxxHeilllle CTPYKTYpbl NEPEJHErO MO3ra, KOTOpPbIe
MOHO BUJETh Ha MEAUATbHON NOBEPXHOCTU MO3ra. O6paTure BHUMaHUE Ha
NOBEPXHOCTh pa3dpe3a MO30JIMCTOTO TeJjid, KPYIHOTO Ny4YKa aKCOHOB, KOTOpbIE
COEIUHAIOT JBa NOJylIapUs MO3ra. YHUKaJIbHOE BIMSAHHUE JBYX MOJYIIAPUIT Ha
(pyHKLIMIO 4eIOBEUECKOTO MO3Ta MOXHO U3Y4aTh Y JIOA€EH, KOTOPBIM GbLIO BbI-
MIOJTHEHO paccedyeHne MO30UCTOro Teja. CBOJ — 3TO ITy4OK BOJIOKOH, COETUHSA-
IOIMX FMIIOKAMIIBI OGOUX MOJyIapuii ¢ runoTaiaMycoM. HekoTopble akcOHbI
CBOJIa y4aCTBYIOT B )OPMUPOBAHUM NAMSATH.

Ha puc. 9 mMo3r cierka HaxIOHEH, YTOObI y06HEEe GbLIO YBUAETH PacnoJo-
XeHHe MUHJaJIMHbI U FUNNoKamna. 3To “BooOpaxxaeMble MPOEKIUU” JaHHBIX
CTPYKTYP, IOCKOJIbKY HETMIOCPEACTBEHHO HAa IOBEPXHOCTU MO3Ta OHU HE BUJHBI.
O6e€ CTPYKTYpbl PacloJIOXKEHbI B ITyGUHE IO/ KOPOi1 MO3ra. Mbl yBUAUM UX CHO-
Ba Ha MONEPEYHBIX CPE3axX MO3ra jJajlee B 3TOH MaBe. MUHJaIMHA — Ba)XXHas
COCTaBJIAIOMIAS PETYIALUN SMOLUOHANBHBIX COCTOSHUH, a TUIIOKaMII HEO6XO-
JUM IS IPOLIECCOB MAMSATH.

(8) XXenynouku

JlaTepaibHble CTEHKH HEMNAPHBIX 3JEMEHTOB JKENYJOYKOBON CUCTEMBI —
TPEeTBETO XeJyAOuyKa, BOJOINPOBOJA MO3ra, YETBEPTOrO XKEJyJOouKa M IEHT-
PIBHOTO KaHala CIIMHHOTO MO3ra — BUAHBI Ha MEAUAIbHOM IMPOEKIUH MO3ra
(puc. 10). 3To 0YEHDb NOJNE3HbIE OPUEHTHUPDI, IOTOMY YTO PAJOM C TPETHUM
XEJYLOUYKOM PacIIONIOXEH TaJaMyC M THUIIOTAlaMyC; Ha YpOBHE BOJOIPOBOJA
PACIIOJIOKEH CPeJHUIl MO3I; MOCT, MO3XXEUOK U NPOJOJroBaThIif MO3I pacro-
JIOX€Hbl Ha YPOBHE YETBEPTOTO JXeJYA0UKa; a CIIMHHOI MO3T 06pa3yeT CTEHKU
CBOETO IIEHTPAIBHOTO KaHasa.

JlaTepanbHble XENYAOUYKM — 3TO NapHble CTPYKTYphbl, KOTOPbIE, MOAOGHO
poraM, OTXOJAT OT TpeThero xeaynouka. Ha puc. 11 mokasana Boo6paxaemas
IPOEKLMA NPaBOro GOKOBOrO XEJyAOYKa, PacloIOXEHHOro moj kopoit. O6a
GOKOBBIX XEJIyIOUKa OKPYKEHbI IByMs MOJylapusaMu Mo3ra. O6paTuTe BHUMa-
HUe€, KaK [I0IlepeYHOe CEYEeHNE MO3Ta Ha yPOBHE COeIMHEHHUS TalaMyca CO CpeJl-
HUM MO3TOM JBaX /bl I€PECEKAET “pora” JaTePalbHbIX XKEJTYTOUKOB B KaXJIOM
HoJIylIapuu.
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MosicHas
N3BUANHA

Mo3onmcToe Teno
(8 pa3pese)

O6oHsTENbHAN -~
nyKoBuLA
3putenbHas

3pUTENbHBIf Bopoana

nepekpect

Puc. 8. Nepepnnuii Mo3r

MuHpanmHa

% TBON X
(oA KopoiA) G MO3ra 1 MO3Xe4oK yaaneHsl,

MO3r cNerka noBepHyT

[vnnokamn
(nom kopow)

Puc. 9. MuHpannHa 1 runnokamn
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TpeTuii xenynoyek

Boponposog \ =
YeTBepThIi Xenyaoyek /\

LieHTpanbHbIh kaHan

Pwuc. 10. XXenynouku mMosra

BokoBoii xenynoyek

(nog kopoi) CTBON MO3ra v MO3XEYOK yaaneHsl,

MO3r Cnerka noBepHyT

Puc. 11. NaTepanbHbi Xxenyao4ek
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BeHTpaanaﬂ NMOBepPXHOCTb MO3ra

HuxHsasg moBepXHOCTh MO3ra UMEET MHOXECTBO OTIMYUTEIbHBIX aHATOMU-
yeckux ocobeHHocTel (puc. 12). O6paTuTe BHUMaHUE Ha HEPBbI, OTXOJAIINE
OT CTBOJIa MO3I'a; 3TO YepEenHble HEPBbI, KOTOPBIE GYAYT NOJPOGHEE PacCMOTpe-
HBbI flajiee B JAHHOM pykoBoAcTBe. O6paTHTe BHUMaHUeE TaKXe Ha X-00pa3Hblii
IIePEKPECT 3PUTEIbHBIX HEPBOB, PACIOJIOXKEHHBII HENOCPEACTBEHHO Nepe I'1-
notatamycoM. [lepekpect ABIseTCA MECTOM, IJIe MHOXECTBO aKCOHOB OT OJ{HO-
ro rJjia3a epexojAT Ha MPOTUBOIOJIOXKHYIO CTOPOHY. ITyuku akcoHOB, mpoxoas-
M€ OT 3a/iHeil NOBEPXHOCTH IV1a3a 0 3PUTEJIbHOIO NIEPEKPECTA, Ha3bIBAIOTCA
spumervioimu Hepsamu. ITydku, pacroyioxeHHbIe NOCIe NepeKpecTa, ucyesalo-
1ye B TajaMyce, Ha3blBAIOTCA 3pumersiomu mpaxmamu. ITapHble cocueBUAHbIE
TeJ1a ABJIAI0TCSA BaXHOI 0COGEHHOCTbIO BEHTPAIbHOM NOBEPXHOCTU MO3ra. TH
Apa TUINOTAJIAMyCa SIBJISIOTCS 4aCThIO HEHPOHHBIX Lieneif, KOTOpble XpaHsAT
BOCIIOMMHAHUS U ABJAIOTCA OCHOBHBIMU MULIEHSAMU aKCOHOB cBOa. Takxe 06-
paTUTe BHUMaHHE Ha OGOHATEbHbIE IYKOBUIIbI, CPETHUIT MO3T, MOCT U IIPOJOJI-
roBaTbIil MO3T.

OboHsTeNnbHan nykoBuua

3puUTENbHbIN
nepekpecTt

3puTenbHblii
TpakT

3pUTENbHbIN
Heps
[vnotanamyc

CocuesuaHoe
TEeno

CpepHuii Mo3r
YepenHoit

HepB
Baponues mocT

Puc. 12. BeHTpanbHasa NoBEPXHOCTb MONOBHOMO MO3ra
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[opcanbHas NOBEepPXHOCTb MO3ra
(a) bonbLwoii Mo3r

B nopcanpHoit npoexuuy Mo3ra npeo6aajgaet 60/b1moii Moar. Barnaaute Ha
napHble Mojaymapus mo3sra (puc. 13). OHu coeiMHEHb! aKCOHAMU MO30JIUCTOTO
Tesla, KOTOPOE BBIABIAETCSA NPU HEGOIBIIOM Pa3BeEHUHU NONyLIapHii B CTOPO-
Hpl. Ha meauanibHOI Mpoekuuy Mo3ra, MpeJcTaBleHHON paHee, MO30JHCTOEe
TeJIO OKa3aHO B [IONIEPEYHOM CEUEHHUHU.

Jlesoe nonywapve Mpasoe nonyLiapue

LienTpansHas 6oposaa

MexnonywapHas wenb

Puc. 13. MNonywapuvs Mo3ara
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(6) bonbLwoi Mo3r ypaneu

Ha nopcanbHoii npoexknuy Mo3ra npu yAal€HHOM 60JIbLIOM MO3re U HEGOIb-
IIOM HAKJIOHE BIIEPEJl XOPOIIO BUJIEH MO3:XKeuoK (puc. 14). Mo3xeuok — BaxxHas
CTPYKTypa JUIsl KOHTPOJIS JBMXKEHUS, OH J€JIUTCS Ha JIBA IOJyIIaPUs U CPEHIOI0
4YacTb, HA3BIBAEMYIO uepeM.

Yepb MO3Xeuka

lMpaBoe
JleBoe nonywapue nosiywapue
MO3Xeuka MO3Xeuka

CnuHHOM MO3r

Puc. 14. Mo3xe4ok

(8) BonbLIOK MO3r U MO3)XEYOK YAANEHbI

ITpu yranenuu 60JbIIOr0 MO3ra U MO3)€UYKa OTKPbIBA€TCS BEPXHsAs IOBEPX-
HOCTb cTBOJIa Mo3ra (puc. 15). C 1eBoif CTOPOHBI OKAa3aHbl OCHOBHbIE OT/IE-
JIbl CTBOJIA MO3Ta, a CIPaBa — HEKOTOPbIE CTPYKTYPbl CTBOJA MO3ra. nudus,
PacIoI0XeHHbIi BBEPXY TalaMyca, CEKPETUPYET MEJIaTOHUH U IPUHUMAET yYa-
CTHE B PEryJIAIMM CHA U CEKCYyaIbHOTO MMOBeleHUs. BepxHue xoimuxu noryqaoT
BXOJ(HbI€ CUTHAJIbl HE[TOCPEACTBEHHO OT IJ1a3 U MPUHUMAIOT yYacTHE B KOHTPO-
Jie JBMXKEHUI IV1a3, a2 HMXKHUE XOJMUKH SABJIAIOTCSA BaXXHBIM 3J1EMEHTOM CIyXO-
BOi1 cucTeMbl. HOXKH MO33k€4Ka — 3TO TOJICThIE ITyYKHU AKCOHOB, COEAUHSIONIIE
MO3)KEYOK CO CTBOJIOM MO3ra.
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Anundus
BepxHuit xonmuk

Tanamyc

CpepHuii mo3r .
HWXHW xonmuk

MocTt

Hoxkun mo3xeuka
(B paspese)

YeTBEPTHIN Xenynoyek
(neperopogka)

Puc. 15. Cteon mo3ra

AHATOMWA NOMNEPEYHBLIX CPE3OB MO3IrA

YTOO6k! JIy4llle IOHATh YCTPOICTBO MO3ra, YAOOHO MCIOJIL30BaTh MONepey-
Hble cpe3bl. FIX MOXHO BBINONHUTL (PU3MUECKH, C IIOMOUIbIO CKAIbNENs, UIH
HEUHBA3MBHO — U(POBLIM CIOCO60M Ha (PYHKIMOHMPYIOLIEM MO3re NpH Mo-
momu MPT- umu KT-ckanuposanuii. Jlydiie Bcero u3yyaTb BHyTPEHHIOIO Opra-
HU3ALMIO MO3ra Ha [IONEPEYHbIX CPE3aX, BHIIOJHEHHbIX EPIEHIUKYIAPHO OCH
3MGPHOHAIbHON HEPBHOM TPYOKH, Helipaxcuca. ITo mepe pocTa mioja HepBHAs
OCb U3rubaeTcs, OCOGEHHO B MECTE MEPEXoJa CpeJHEro Moara B Tanamyc. Cre-
Jl0BaTeJIbHO, UeaIbHas MJIOCKOCTh pa3pe3a 3aBUCUT OT KOHKPETHOTO pacroJio-
JEHUS Ha LIEHTPAIbHOI HEPBHOI OCH. B 3TOM NpuUJIOXKEHUU Mbl PACCMOTPUM
U306pakeHUs MOCNe0BATEIbHBIX CPE30B MO3ra, MOKa3bIBAIOIUX BHYTPEHHEE
CTpOeHMe nepeaHeromoara (cpesbl 1-3) — puc. 16, u cTpoenue cpeaHero Mmo3ra
(cpesbt 4 u 5), MocTa 1 Mo3xeuka (cpe3 6) U IPOAOArOBATOrO MO3ra (Cpe3bl
7-9) — puc. 17. N306paxeHus HOCAT CXEMaTHYECKUA XapaKkTep — 3TO O3Hava-
€T, YTO HEKOTOpble CTPYKTYphl B MIyGHHE cpe3a GyAyT NMpOEeIMpPOBaHbI Ha €ro
IIOBEPXHOCTb.
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Puc. 17. Cpesbl cTBONA rONOBHOMO MO3ra
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MonepeuHbin cpes 1: nepeaHNIA MO3r Ha YPOBHe
CoeAMHeHUA Tanamyca ¢ KOHe4YHbIM MO3roMm

Puc. 18. MonepeyHblivi cpes 1

(a) 06wWwmMe xapaKTepUCTUKH

Koneunblit MO3r OKpyXaeT JlaTepalbHbIE XEIYA0YKHU, a TAIaMyC OXBaThIBA-
eT TpeTuii xenynodek. O6paTuTe BHUMaHUeE: HA puc. 19 BUAHO, Kak GOKOBbIE
XKEJTYJOUKH OTXOAAT OT IeJEBUAHOIO TPETHETO XKeayAouka. [unoranamyc, o6-
pasylolmui AHO TPETHETO XENYA0YKa, ABJIAETCSA )XU3HEHHO BaXXHBIM LIEHTPOM
KOHTpPOJISI OCHOBHBIX XHU3HEHHBIX (yHKIUI Tena. O6paTuTe BHUMaHUE Ha
OCTPOBKOBYIO JIOJIIO, PACIOJIOXKEHHYIO B IJyGUHE JaTepalbHOH (CHUJIbBUEBOI)
1I€JIH, KOTOpas 3/1eCh OTJEJAeT JOGHYIO 0110 OT BUco4Hoit. Heognopoanas 06-
JIaCTh, PaCHoJIOKEHHAsA B IyGMHE KOHEYHOTO MO3Ta MeJuajibHee OCTPOBKOBOIM
JIOJIA U JIaTEpaIbHEE TAIAMYCa, Ha3bIBAETCS OCHOBAHUEM MO32A.

(6) OTpenbHble rpynnbl KNETOK U BONIOKOH

Tenepnr paBaiiTe pacCMOTPUM MOJPOGHEE CTPYKTYpbl NEPEJHEro MO3ra
(puc. 20). BarnsHuTe Ha BHYTPEHHIOIO KaICyJy, KpYIHOE CKOIJIEHHE aKCOHOB,
coefuHsALIME 6€0€e BEMECTBO KOPbI CO CTBOJOM MO3ra, M Ha MO30JHUCTOE
TEeJIO, OrPOMHOE NepeIUIeTeHHE aKCOHOB, COEAMHSAIOIUX KOPY JBYX MO3TOBBIX
nonymapuii. CBOJ, NpoJeMOHCTPUPOBaHHbIN paHee Ha MeAUaNbHOMN MPOEKIUU
MO3ra, 3/1eCh [I0Ka3aH B IIOIIEPEYHOM CE€YEHUH, TJie OH Mepe6GpachiBaeTCs uepes
HOXKY JIAT€PAIbHOTO JKeNyJ04YKa. AKCOHbI HEHPOHOB CENTAIbHOI1 30HbI (OT JIaT.
saeptum — “neperopojxa”) HanpasJISIOTCA K CBOJAY U IPUHUMAIOT yYacTHE B Xpa-
HEHUM BOCIIOMMHAHUI1. Takke B OCHOBaHUM KOHEYHOTO MO3Ta BUAHBI TPU BaX-
Hbl€ TPYNIbI HEHPOHOB: XBOCTATOE PO, CKOpJyna U 61eaHbli map. Bce BMecTe
3TU CTPYKTYpPbl HAa3bIBAIOTCS OA3AAHOIMU 2AH2AUAMU, WU SPAMU, OHU ABJIAIOTCH
BaXXHBIMH KOMIIOHEHTaMH CUCTEM MO3ra, KOHTPOJIMPYIOUIMX ABUKEHHS.
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JlobHas pons

BokoBoi
Xenyaoyek

OctpoBkoBast
nons

JlatepanbHasn T
(cunbBreBa) LWwenb (_\ 2
A ¥

NTpemﬁ

Xenyaoyek

BucoyHas gons

OcHoBaHue mo3ra
[vnoTtanamyc

Puc. 19. NepepHuii MO3r Ha YPOBHE COEAVHEHUA Tanamyca C KOHEYHbIM MO3roM

Fpynnbl BONOKOH Ipynnbl KneTok

Kopa mo3ra

Mo3sonucToe
Teno

BELLECTBO
Kopbl

BHyTpeHHss

kancyna .
BnepHbii wap

Puc. 20. CTpykTypbl NepeaHero Mosra
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MonepeyHbIN cpe3 2: nepeaHUM MO3r nocepeauHe
Tanamyca

(a) O6wme xapaKTepHCTHKH

IlepemecTuBIIMCE 1O  HEpPBHOM
OCH HEMHOTO KayAalbHEE, Mbl YBUIUM
Tajnamyc B ¢opme cepaua, KOTOpPBIH
OKpYXaeT HeGOJIbIIOI TPEeTHIl Xeya0-
4yeK B CaMOM LIeHTpe mo3ra (puc. 22).
BenTpanbHee TajaMyca pacIoOXeH
runotatamyc. Koneunslii mMo3r 3aech
OpPraHM30BaH B 11€JIOM TaK Xe, KaK Mbl
Buje M Ha cpese 1. 3-3a Toro, uTo Mbl
IIEpEMECTUIUCh HEMHOTO Ha3aj, JaTe-
paibHas meb 31eCh OTAENAET BUCOY-
HYIO JIOJIIO OT TEMEHHOM.

Pwuc. 21. NonepeyHbin cpes 2

(6) U36panHbIe rpynnbl KNETOK U BONOKOH

Ha »ToM ypoBHe HepBHOI1 OCH BHJIHO 6OJIbIIOE KOJHUYECTBO Pa3THMYHBIX
TPyII HEPBHBIX KJIETOK U BOJIOKOH. IIposiBuIach 0Ha HOBasi CTPYKTYpa KOHeu-
HOr'O MO3ra — 3TO MUHJAINHA, YYaCTBYOLU[as B PEryJsalMU dMOLMII U NaMATH.
Mb! Tax)xe BUIUM, YTO TAJAMYC AE€JIUTCA Ha OTJEJIbHbIE A]pa, JBa U3 KOTOPbIX
37IECh INOJNUCAHbI: BEHTPAIbHOE 3aJiHEE AJPO U BEHTPAJbHOE JlaTepalbHOE
AApPO. AKCOHBI TajlaMyca COCTaBJISIOT OCHOBHYIO 4aCTh BOJIOKOH K KOp€ MO3ra,
IpUYeM pa3Hbl€ gpa TalaMyCa HalpaBJSIOT CBOU BOJIOKHA K Pa3JUYHbIM 30-
HaM Mo3ra. BeHTpasbHOe 3asHee AAPO ABIAETCA 3JEMEHTOM COMATHUYECKOM
YYBCTBUTEJbHOM CUCTEMBI U IIPOELUPYET CBOU OTPOCTKU B MOCTUEHTPAIbHYIO
HM3BUJIMHY. BeHTpalbHOE JlaTepaIbHOE PO Y TECHO CBA3aHHOE C HUM BEHTpaJlb-
HOe IepeJiHee PO (He MOKa3aHO) ABJIAIOTCS YaCThIO JBUTaTeIbHOM CUCTEMBI U
HaIpaBJAIOT CBOU BOJIOKHA K IBUTATEJbHOM KOPE NPELEHTPAIbHON U3BUINUHDL
Huxe Tamamyca BuJ€eH cy6TalaMyc, a TaKKe COCLIEBUHbIE TeJla TUIIOTalaMyca.
Cy6TataMyc OTHOCUTCS K ABUraTEJIbHOI1 CUCTEME, a COCLIEBUIHbIE TeJIa IPUHU-
MaoT HHGOPMALMIO OT CBOJA U YYaCTBYIOT B peryasnuu namartu. Ma-3a toro,
YTO 3TOT CPe€3 NEPECEKAET YaCTh CPEJHETO MO3ra, y OCHOBAHHUSA CTBOJIA MO3ra
MO>XHO 3aMETUTb HeGOJIbIIOI KycOuek YepHoil cyocTaHiuyu. UepHas cybcTaH-
1S TaKXe ABJISETCS YacCThIO JBUTraTeJbHON cucTeMbl. C gereHepaumeii aToi
CTPYKTYPbI CBSI3aHO pa3BuTHe 60j1e3HM [TapkuHcoHa.
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TemeHHas
(napuetanbHas)
nons

BokoBoi
Xenynoyek

Tanamyc

OctpoBok

JatepanbHas
(cunbBueBa)
Lenb

Bucoynas pons Tpetuii xenynoyek

['vnoTtanamyc
OcHoBaHwe mo3ra

Puc.22. Tanamyc 1 nepegHuin Mo3r

MosonucToe Teno Kopa mo3ra

: - . % Csop,
BeHTpansHoe o
narepanbHoe 5apo { -

BeHtpansHoe
3ajHee 24po

Ckopnyna BHYTpeHHsIs

kancyna

BnepHbii wap
MwuHpanvHa Benoe BeLecTso

Kopbl
YepHas cyb6cTaHums

Cyb6Tanamyc CocuesuaHoe Ten0

Puc. 23. KneTku n BoNokHa nepegHero moara
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MonepeyHblit cpes 3: nepeaHUli MO3r Ha YpOBHe
coeaMHeHUa Tanamyca co CpeaHUM MO3rom

Puc. 24. NonepeyHbin cpe3 3

(a) 06wme xapaKTepucTHKM

B MecTe nepexosa Tatamyca B CpeAHUIL MO3r HEPBHAs OCb PE3KO MEHSIET CBOE
HanpabjieHHe. ITOT Cpe3 BbIIOJHEH Ha YPOBHE, TJie TPETHUI XKeNyN0UeK, UMe-
1omuit popmy cie3bl, COEAUHIETCS C BOAOIPOBOAOM Mo3ra (puc. 25). 3ameTsb-
Te, TPETUI XKeTyAoYeK OKPYXEH TalaMyCOM, a BOJONPOBO/J| OKPYK€EH CpeIHUM
Mo3roM. bokoBele xeyno4ky 060MX MOJyapHUil Ha 3TOM Cpe3e IepeceKaloTcs
JABaXxbl. Bbl nmoiimeTre, mouyemMy 3TO NPOUCXOJUT, ECJIU TIOCMOTPUTE Ha BOOOpa-
JKAEMYIO IIPOEKIIUIO GOKOBBIX XEJNYAOUYKOB, IOKa3aHHYIO BhIIIE.

(6) U36paHHbIe rpynnbl KNETOK U BONOKOH

O6paTure BHUMaHHE, YTO HAa 3TOM CPE3€ COJAEPXKATCHA €lle TPH BAKHBIX
A1pa TajJlaMyca: iAipo MOAYIIKH, JaTepalbHOE U MeAHAIbHOE KOJIEHUaThle Apa
(puc. 26). fAapo noaymku CBA3aHO C OCHOBHOI1 YaCThIO aCCOLIMATUBHOM KOPBI
Y UrpaeT Ba)XHYIO POJib B HalpaBJeHUH BHUMaHUA. JlaTepartbHOE KOJIEeHUaTOe
A/1pO NepeHanpabseT UHGOPMAIIUIO B 3pUTEJIbHYIO KOPY, a MEAUATbHOE KOJIEH-
YaToe s/Jpo NepeHanpanseT HHGOPMAIUIO B CJYXOBYIO Kopy. Takxke B3risHuTE
Ha TMIIIIOKaMIl, OTHOCHUTEJIbHO TPOCTOEe 06pa3oBaHie KOPbl MO3Ta, OTTPaHHYH-
Barouee 60KOBOI1 XeJTyJoYek B BUCOYHOM Joe. [unnokamn (OT rped. “MOpCcKOi
KOHEK”) UTPaeT HEOLEHUMYIO POJIb B OOY4E€HHH U IIaMSTH.
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TemeHHas
(napueTanbHas)

Tpetnit
Xenynoyek
Bokosoit
Tanamyc Xenypoyek

BucoyHas
nons

CpepnHuii Mo3r

Puc. 25. Tanamyc 1 cpegHvin Moar

Mosonuctoe

Teno Kopa mo3ra
f1apo noayLwkm
JlatepanbHoe
KOfeHyaToe 94po

benoe - \

BELLEeCTBO KOPbl §

vnnokamn
MepwanbHoe
KoneHyatoe 84po

Puc. 26. KneTtku n BONOKHa cpeaHero mMoara
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MonepeyHbIA cpes 4: pocTpanbHasa YacTb cpeaHero
Mo3ra

S’ /

Puc. 27. NonepeyHbini cpes 4

Ceityac Mbl paCCMOTPHUM CpeIHMIT MO3T, KOTOPBIi1 SIBJISETCA YaCThIO CTBOJIA
Mo3ara. O6paTuTe BHUMaHHE, YTO IJIOCKOCTb Cpe3a 3J1eCh IPOXOAUT MO/, YIJIOM
IO OTHOIIEHUIO K Cpe3aM NepeJHEro Mo3ra TakuM o6pa3oM, YTOObI OCTaBaTh-
Csl epNEeHANKYJISPHOIl IIleHTpalIbHOI HepBHOI ocu. B camom menTpe cpenne-
ro MO3ra pacroJioxeH HeGOIbIIOoH BOAOIPOBOJ MO3ra. 3€Ch XKe PacCIoIOoXKeHa
KpbLrua cpednezo mo3ea, COCTOSAIAsA U3 MAPHBIX BEPXHUX X0aMHUKOB. Kak yxe yno-
MMHAJIOCh paHee, BEPXHUE XOJMUKH ABJISIOTCA YaCTbIO 3pUTEIbHON CUCTEMBI,
a yepHas Cy6CTaHLMA ABJISETCA YaCThIO JABUraTeIbHOM cucTeMbl. KpacHoe aapo
TaK»Xe OTHOCUTCS K JIBUTaTeIbHOM CHCTEME, a OKOJIOBOJOIPOBOJTHOE CEPOE Be-
IECTBO UIPAET BAXXHYIO POJIb B KOHTPOJIE COMAaTHYECKOTO BOCIPUATHUS GOJIH.

BepxHuin xonmuk Boponposop,

OkonosogonpoBoaHoe
cepoe BeLecTso

YepHas cybcTaHumus

KpacHoe agpo

Pwuc. 28. PocTpanbHas 4acTb CpefHero moara
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MonepeyHbii cpes 5: kayaanbHasa YacTb CpeaHero
Mo3ra

Puc. 29. NonepeyHbili cpe3 5

KaynanbHas yacTh CpeJHEro MO3ra OYeHb I0X0Ka Ha POCTPaIbHYIO €r0 YacTh
(puc. 30). OxHako Ha 3TOM YpOBHE KpbIllla O6pa30BaHa HMXHUMHU XOJIMUKAMU
(31€eMEHTaMM CTyXOBOI CUCTEMBI), @ He BePXHUMU. UTOGbI yBUAETD B3aUMHOE
PacnoJjioxeHne BEpXHUX ¥ HIDKHUX XOJMHUKOB OTHOCUTEJIBHO APYr ApYyra, mo-
CMOTpUTE Ha CTBOJI MO3Ia B JOPCAJIbHOIT IPOEKIIMH.

HuxHWI xonmmk Boponposog,

OkonoBofoNPOBOAHOE
cepoe BeLlecTeo

YepHas cybcTaHumus

Puc. 30. KaypanbHas 4acTb cpegHero mo3sra
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MonepeyHbI cpes3 6: MOCT U MO3XKE4OK

Puc. 31. NonepeyHbivi cpe3 6

Ha sToM cpe3e moka3aHbl MOCT U MO3)K€4YOK — 3JIeMEHTbl pOCTPajbHOTO OT-
JieJia 3aJHEr0 MO3ra, KOTOpble OrPaHUYMBAIOT YeTBEPThIi XKeaynouek (puc. 32).
Bosbmas yacTb BXOAHBIX MMIYJIbCOB K KOPE MO3X€UYKa NPOUCXOJUT U3 AAep
MOCTa, TOT/la KaK BBbIXOJAIIME MMIYJIbChbl MO3X€YKa 0O6pa3yloTcsd B IIYGOKUX
MO3XEYKOBbIX fjpax. PeTukyaspuas ¢opmauusa (oT natT. reticulum — “ceTn”
TAHETCA OT CPEJJHETO MO3ra J0 IPOJOJIroBaTOr0 MO3ra HEMOCPEACTBEHHO MO
BOJIOIIPOBOJIOM U YETBEPTHIM XeayJouKoM Mo3ra. OHOI U3 PyHKIUIT peTUKY-
JpHOIi popMalUU ABJIAETCA PEryJsauus cHa u 6ogpcTBoBanusa. Kpome Toro, k
pyHKIMAM PETUKYIAPHOIT OPMAIIIM MOCTa OTHOCAT KOHTPOJIb OCAHKH.

YeTBepTblil Xenymoyek

Kopa mo3ra ~7

[ny6okue
MO3XEeuKoBble

aapa

PetukynspHas
dopmauus

flopa mocTta

Puc. 32. MoCT 1 MO3XeEH0oK
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MonepeyHblit cpes 7: pocTpanbHas 4acTb
NPoAoNroBaTOro Mo3ra

Puc. 33. NMonepeuyHbiii cpes 7

Ecym Mpl nepemecTuMcs B kayJalbHOM HalPaBJI€HUH ellie HEMHOTO, TO 3/1eCh
YeTBEPThIH XKeJayAodeK OGyAeT OKPyXeH NMPOAOJroBaThIM MO3roM. 3€Ch Mbl CO-
CpeJOTOYMMCS JIMIIb Ha HEKOTOPBIX CTPYKTYpPax. ¥ CGMOro OCHOBaHUS NMPOJOJI-
roBaTOro MO3ra pacIoJIOXKeHbl MHPaMU/bl POJOJrOBaTOrO MO3ra, TOJICThIE
IIY4KY aKCOHOB, HUCXOZSINUE OT IEPEeJHEro Mosra K cnuHHoMy. ITupamuabl
coJiepKaT KOPTUKOCIIMHA/IbHbIE TPaKThl, IPUHUMAIOLIYE YYaCTHE B KOHTPOJIE
IIPOM3BOJIbHBIX ABM)KEHUIA. B pocTpalbHOIT YacTH NPOJOJIroBaTOro MO3ra Tak-
K€ PacroJIOXEeHO HECKOJIBKO f/IEP, BAXHbIX JUIS CJIyXa: JOPCATbHOE U BEHTPaJIb-
HO€ PO YJIMTKHU U BEPXHSAS 0J1MBa. Takxxe 3/1eCh NOKa3aHa HYXXHSASA OJIMBA, BaX-
Hasl Ul ABUraTeJIbHOrO KOHTPOJISA, U PO LIBa, Ba)XXKHOE JUIS Peryasnun 6oy,
HaCTPOEHUS U GOAPCTBOBAHUS.

[HopcansHoe -
AP0 YAUTKI YeTBEPThIV

\ Xenyao4ek
BexTpansHoe it

Aapo YTk ~————nu

fnpo wea

BepxHss onvea

HuxHsasa onunea

Puc. 34. PoctpanbHas 4aCcTb NPOAOAroBaToOro Mo3ra

Mupamupa npofonroBaToro
mo3ra
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MonepeyHbI cpes 8: cpeAHAs YacTb NPOROArOBaTOro
Mo3ra

Puc. 35. MNonepeyHblili cpes 8

CpesHsAs 4acThb NPOJOJrOBaTOro Mosra (puc. 36) cOJepXUT HECKOJbKO
CTPYKTYp, IOKa3aHHBIX Ha MpeablaylieM cpede. O6paTuTe BHUMaHHME Ha HOBYIO
CTPYKTYPY, MEAUAIbHbIN IEMHUCK (OT JIaT. “7IeHTa”). MeAnanbHblii IEMHUCK He-
CET K TaJIaMyCy aKCOHBI, COiepKamue HHGOPMALIMIO O COMAaTUYECKOMH YyBCTBU-
TeIbHOCTHU. BkycoBoe sipo, 9acTh 6ojiee KPYMHOro AApa OJAUHOYHOTO TPAaKTa,
ob6ecneynBaeT OUylleHUE BKyca. BecTuGynspHOe PO OTBEYAET 32 YYBCTBO
paBHOBeCHSA.

BectnbynsipHoe YeTBepThlii
AP0 Xenyaouek

BkycoBsoe sapo
(yacTb Agpa .
0JMHOYHOro rpaKTaN \

PetukynspHas e -

dopmauus
NEOLONrOBaTOrd MO3ra

HwxHsas onusa

MeauanbHbli neMHUCK
Mvpamuaa npoaonrosaToro

moa3ra

Puc. 36. CpepHss 4acTb NPOAONTOBAaTOro Mo3ra
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MonepeyHbIN cpe3 9: nepexoa NPOAONATOBAaTOro Mo3ra
B CMUHHON

Puc. 37. NonepeyHbIi cpes3 9

Tam, rae 3axaHUMBaeTCs NPOAOJITOBATHIN MO3T, 3aKAaHUYMBAETCS U YETBEPThIii
JKeJYAOYEeK, 3aMelIasiCh IEH TPIbHBIM KaHAIOM CIIMHHOro Mo3ra (puc. 38). O6-
paTHTe BHIMaHHE Ha fApa 3aJHUX CTOJIGOB, KOTOpPble IPUHUMAIOT COMAaTHYeC
KYIO 4yBCTBUTEJIbHYIO HH(GOPMALIMIO OT CIMHHOIO MO3ra. AKCOHBI siiep 0601x

3aJJHUX CTOJIGOB IIEPECEKAIOTCS APYT C APYroM U MOJHUMAIOTCA K TaJlaMycy B CO-
CTaBe MeJUAIbHBIX IEMHUCKOB.

finpa 3agHnx KaHan cnuHHoro
cTon6oB mo3ra

MeauanbHbiii
NEeMHUCK =

Mpamnaa NpoaoNroBaToro
mo3ra

Puc. 38. MNepexop npogonrosaToro Mo3ra B CNIMHHOM
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CNNHHOW MO3Ir

3aaHAfA NOBEPXHOCTb CMUHHOIrO MO3ra
U CMUHHOMOS3roBbIX HepBOB

CHHHHOI MO3r NMPOXOJUT BHYTPH IMO3BOHOYHOro cToJj6a. CMHHOMO3ro-
Bbl€ HEPBbI, YaCTb COMaTHYECKOI Nepu(epUIecKoil HEPBHOI CUCTEMBbI, CBS-
3bIBAIOTCS CO CIIMHHBIM MO3TOM B BbIp€3KaX MEX]y COCEAHUMH IO3BOHKAMH
(puc. 39). Bux no3BoHKOB 3aBUCUT OT MX pacnoyioxeHus. B mee no3BoHku
HMEIOT HyMepauio OT 1 10 7 ¥ Ha3bIBAIOTCS WelHblMU No36oHKamu. ITI03BOHKY,
KOTOpbIE COeIMHAIOTCA C peGpaMu, Ha3bIBAIOTCS 2pyOHbLMU U TIPOHYMEPOBAHBI
oT 1 10 12. IIATh MO3BOHKOB B HUXHEM YaCTU CIIMHBI HA3bIBAIOTCS NOACHUUHBIMU
70360HKAMU, @ TE€, YTO BXOJAT B COCTAB Ta3a, Ha3bIBAIOTCA Kpecmyosvimu. O6pa-
THUTE BHUMAaHUE, YTO CIIMHHOMO3IOBbI€ HEPBbI U CBA3aHHbIE C HUMU CETMEHTBI
HOCAT HA3BaHUS COOTBETCTBYIOIIMX MM IIO3BOHKOB (BBISICHUTE, KaK BOCEMb
IEeTHBIX CETMEHTOB OTHOCATCS K CEMU LIEITHBbIM O3BOHKAM). Taxxke o6paTuTte
BHHMMaHUeE, YTO CIIMHHOI1 MO3I B3pOCJIOTO YeJIOBEKA 3aKaHYMBAETCS Ha YpOBHE
TPETBHEro NOSICHUYHOTO N03BOHKA. Takoe pacxoeHue BO3HUKAET BCJIEACTBHE
TOrO, 4YTO CIIMHHO}1 MO3T I1OCJIE POXKAECHUS HE PacTeT B JUIMHY, B OTJIMYHUE OT IO~
3BOHOYHOTrO CT0JI6a. [Ty4yky CIMHHOMO3IOBBIX HEPBOB CJIEAYIOT B CIIMHHOMO3-
rOBOM KaHaJle IOSICHUYHOTO ¥ KPeCTILOBOr'O OTAEJIOB NIO3BOHOYHUKA U Ha3bIBa-
IOTCSL KOHCKUM XBO0CTNOM.
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1-1 WeiHbIA Heps
1-1 WweiiHbIA No3BoHOK (C1)

7-1 weitHbI No3BoHok (C7)

8-V WelHbI HepB

1-1 rpyaHoii no3soHokK (T1)
1-A rpyiHoOVA Heps

12-1 rpyaHoii no3BoHok (T12)
12-11 rpyaHoit HepBs
1-7 NOSACHNYHBI NO3BOHOK (L1)

1-1 NOSICHNYHLIN HepB

KoHckuit xBocT

5-11 NOSICHWYHbIV NO3BOHOK (L5)
5-11 NOSICHUYHBINA HepB
1-11 KPECTLOBbI MO3BOHOK

1-1 KPecTUOBbIN HepB

Puc. 39. CNMHHOMO3roBbIE HEPBbI
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MNepenHe60kOBas NOBEPXHOCTb

B 3T0it npoekunyu XOpomo BUAHO, KAK CHUHHOMO3TOBbl€ HEPBbI CBA3aHbBI CO
CIIMHHBIM MO3TOM U KaK yCTPOE€HbI MO3roBble 06010ukH (puc. 40). [TpoHnkas B
BbIPE3KY, HEPB AEJUTCS Ha JBa KOpellka. 3aJJHUe KOPEIIKH HECYT YYBCTBUTEIb-
Hbl€ AKCOHbI HEIIPOHOB, TeJIa KOTOPbIX PACIOJIOXKEHbI B CIMHAIbHBIX TaHIINSX.
IlepeaHne kOpeMKH HECYT JBUraTeIbHbIE aKCOHBI U3 CEPOTO BELIECTBA Nepes-
HUX CTOJOOB CIIMHHOTO MO3ra. B lIeHTpe cniMHHOro Mo3ra pacnoJioXXeHo cepoe
BeIeCcTBO B (popMe 6a6OUYKH, COAepKaniee Tea HeilpoHoB. Cepoe BelecTBoO
CIIMHHOTO MO3ra AeJIMTCA Ha 3aJHue, NepejHue U G0koBble pora. O6paTuTre
BHHMMaHUeE, KaK pa3jIM4aeTCs OPraHU3alus CEporo u 6ejoro BeuecTsa B ClIMH-
HOM M B FOJIOBHOM Mo3re. B nmepeanem Mo3are cepoe BemecTBO OKpyxkaeT 6ejoe
BELIECTBO, a B CNMMHHOM MO3re Bce Hao60poT. TojicTas 060J1049Ka U3 6€JI0To Be-
IIECTBA, COCTOSLIETO U3 JUIMHHBIX aKCOHOB, KOTOpbI€ NPOXOAAT BBEPX U BHU3
110 CIMHHOMY MO3TY, IeJIUTCSA Ha TPU NMaphbl CTOJIGOB: 3a/JH1E, GOKOBbBIE U Nepe]-
HUE CTOJIObI.

3agHuit cTonb
3afHwil por CnvHHOMO3roBo
BokoBoi cTon6 \ Kkl JIOPCANbHIN

MepeaHuii por

—_— Bokosoit por

MepenHuii cTonb %

3apHve
KOPELLKOBbIE HUTU

Msrkas o6onoyka
CMVHHOro Mo3ra

}é S kopeuka
Cybapaxtonpansioe '« \§ _ B cnmomoarosoii
NPOCTPaHCTBO N 5 Heps

ApaxHougHas %

o6onouka \

Teepaas o6onoyka /
CMMHHOTO MO3ra

MepenHuii
KOpELLOK

MepepHve
KOPELLKOBLIE HUTH

BEHTPAJIbHbINA

Puc. 40. CnHHOMO3roBble HepBbI
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AHaToMUA nonepeYHbIX Cpe3oB

Ha nanHOM cpe3e oTMe4eHbl HEKOTOpbIE BOXHBIE IyTH AKCOHOB, MIPOXOAS-
Iue BBEPX M BHU3 [0 CMMHHOMY MO3ry (puc. 41). CieBa nokasaHbl OCHOBHbIE
BOCXOJfIIME YyBCTBUTEIbHbIE NyTH. OGpaTUTE BHUMAHHE, YTO BECh 3aJHMUIA
CTOJI6 COAEPXUT UYBCTBUTEJIbHbIE aKCOHbI, BOCXOASALIME K MO3ry. TOT MyTh
BaXK€H JI1 OCO3HAHHOI1 OLI€HKU MPUKOCHOBeHHUI1. CIMHOTaJaMHMYeCKUI TPaKT
HeceT MHGOPMaLMIO O GOJIE3HEHHBIX CTUMYJIAX U TEMIlepaType, UMEIOIUX OT-
HOIIEHHE K COMAaTHYeCKOil 4yBCTBUTEIbHOI cucTeMe. CripaBa MOKa3aHbl He-
KOTOpbI€ HUCXOZSIIME IyTH, BaXKHbIE JUI1 KOHTPOJIA ABMXeHUi. B Ha3BaHMAxX
TPaKTOB KOHKPETHO YKa3aHbl MECTA UX HayaJsla U OKOHYaHUA (HallpuMep, BECTH-
GyIOCIMHAIbHBIN TPAaKT HAYMHAETCA B BECTUOYJISIPHOM sJpe IPOJOJIroBaTOro
MO3ra U 3aKaH4YMBaeTCs B CIMHHOM Mo3re). O6paTuTe BHUMaHUE, UTO HUCXOAS-
Iye TPaKThl IPOXOJAT IO ABYM MYTSM: BEHTPOMEAHAIbLHOMY U JIATE€PAJIbLHOMY.
JlaTepasbHblii MyTh HECET KOMAHABI K BBITIOJIHEHHIO POM3BOJIbHBIX ABHXEHHIA,
0COGEHHO KOHeYHOCTel. BeHTpoMeaualbHblil yTh NIPUHUMAET y4acTHe IJIaB-
HbIM 06pa3oM B NOJJIEPXaHHUH OCAaHKH U B HEKOTOPBIX pedJIEKTOPHBIX JBIKE-
HUSAX.

Bocxogasiume 4yBCTBUTENbHbIE MYTH Hucxoasiume YyBCTBUTENbHbIE NYTH

3apgHuii ctonb

§ \ KopTrkocnnHanbHbI

\\\ TpakT
XPy6pochHaanbm JNatepanbHblii

TpakT nyTe

¢ \ MegnynnsapHbiit
- | \ PETUKYNOCTMHANbHBIV TPakT
'8 5 TexTocnuHanbHbINA
CnuHoTtanamnyeckuin I\ TpakT
TpakT MeawanbHbiii

PETVKYNOCMMHANbHBIN TPAKT

BeHTpomeamnanbHbii

BectnbynocnmHanbHbii nyT

TpakT

Puc. 41. lNonepeyHbI cpe3 CINHHOMo Mo3ra
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ABTOHOMHAA HEPBHAA CNCTEMA

ITomumo comatnueckoii IIHC, xoTopas oTBeyaeT I1aBHbIM O6Pa30M 32 KOHT-
POJIb IPOU3BOJIbHBIX JBUXXEHMIT U OCO3HAHHYIO KOXHYIO YYBCTBUTEJIbHOCTD,
cymecTByeT Takxe BucuepaitbHaa [THC, oTsevaomas 3a peryaauuio AeaTeb:
HOCTH BHYTPEHHHUX OPraHOB, JeJie3 U COCyAoB. F3-3a TOro, 4yTo 3Ta peryaauus
IPOMCXOAUT aBTOMAaTUYECKU, 6€3 HEMTOCPEACTBEHHOIO CO3HATEIbHOIO KOHTPO-
Jis, 3Ty CUCTEMY TAKKE HA3BIBAIOT A6MOHOMHKOU Heparot cucmemoti, umi AHC, Ona
COCTOUT U3 IBYX OTJEJIOB — CUMNAMULECKO20 Y NAPACUMNAMUECKO20.

Ha puc. 43 nokasaH BUJ OJIOCTEl TeJla B CATUTTAILHOM pa3pe3e Ha YpOBHE
riasa (cxema paspesa nokasaHa Ha puc. 42). O6paTuTe BHUMaHHE Ha CIIMHHOM
MO3T, 3aKTIOYEHHBIN B TOJICTYIO 000JIOUKY U3 COeUHUTEIbHOI TKaHU. BuaHo,
KaK OT COMHHOT'O MO3ra OTXOJAT CIIMHHOMO3roBble HepBbl. OGpaTHTE BHUMa-
HUe, 4yTO cumnatudeckuit otaen AHC cocTouT U3 Lenu raHmIueB, NPOXOAS-
IUX 110 06€ CTOPOHBbI U BAOJb MMO3BOHOYHOrO CTOJ6A. TU TaHIJIUU CBA3aHbI
CO CIIMHHOMO3TOBLIMU HEpPBaMH, APYT C APYyTOM U C OFPOMHBIM KOJIMYECTBOM
BHYTpeHHUX opranos. [TapacumnaTtuueckuii oraea AHC ycrpoeH HeMHOro MHa-
ye. JIbBUHas 0/ MapacUMIATHYECKOI HHHEPBAIMH BHYTPEHHUX OPraHOB UC-
XOJMT OT GJIYX/IAIOIEr0 HEPBA, OJHOTO U3 YEPENHbIX HEPBOB, BLIXOASIIETO U3
IPOJOJIroBaTOro Mo3ra. JIpyruM KpynHbIM MCTOYHMKOM IapacHUMIMaTHYECKUX
BOJIOKOH SIBJIIIOTCS] KPECTI[OBbIE€ CIMHHOMO3IOBbI€ HEPBBIL.

N

MnockocTb
paspesa (

Puc. 42. CarntranbHbii pa3pes Ha ypoBHe rnasa
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Bnyxpatowwmii
Heps

CnnMHHOMO3roBbIE
HepBbl

03BOHOYHUK
Cepaue
Pebpa npasoit

CTOPOHBI

(B pagpese) Kenyaok

Moyka
TOHKWIA KNLLEYHMK

CvmnaTtuyeckue
raHrnum

MovyeBoit nysbipb

MpeacrarensHas xenesa

Cumnatnyeckve BoNokHa
- Mapacumnatnyeckue BonokHa

Puc. 43. MNonocTu Tena B carnTTanbHOM paspese Ha ypoBHe rnasa
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YEPEMNHbIE HEPBbI

M3 ocHOBaHUA MO3ra OTXOAAT 12 nap yepenHbIX HEPBOB. IlepBble ABE Napbl
HEPBOB Ha CaMOM JieJie ABasaoTca aaeMenTamu ITHC, cryxamumu g5 obecne-
yeHUs O60HAHUSA U 3peHUs. OCTaIbHble HAIOMHUHAIOT CHUHHOMO3TOBbIE HEPBBI
B TOM CMbICJI€, UTO OHU cofiepxaT akcoHbl ITHC. Tem He meHee Ha puc. 44 noka-
3aHO, YTO OJIMH HEPB YaCTO MOXET UMEThb BOJIOKHA, BLINOJIHSIOMMUE Pa3JInyHbIe
¢yHkuMU. 3HaHHE HEPBOB U UX Pa3HOOOPa3HbIX (PYHKIMI ABJIAETCA LEHHBIM
IIOMOUTHUKOM B AUAarHOCTHKE GOJIbIIOrO KOJIMYECTBA HEBPOJIOTMUYECKUX HapY-
meHui. BaXHO NOHUMATD, YTO C YEPEMHbIMU HEPBAMU CBA3aHbI ONIpE/ieIEHHbIE
AJlpa CPEAHEr0 MO3ra, MOCTa M NPOAOJroBaToro mosra. Ilpumepamu ciayxar
BECTUOYIAPHOE AAPO U AAPO YJIUTKH, KOTOpble NPUHUMAIOT HH(OPMALIMIO OT
VIII yepenHoro HepBa — NpeABEPHO-YIUTKOBOro. O6paTUTE BHUMAHUE, 4TO
MHOTHE s/]ipa YepenHbIX HEPBOB HE YKa3aHbl M HE MOJANUCAHbI Ha Cpe3ax, Io-
TOMY 4TO UX (PYHKIIMM HE PACCMAaTPUBAETCA NOAPOGHO B JaHHOM KHMre. ITepe-
YeHb YEPENHO-MO3TOBbIX HEPBOB U UX (PYHKIIUIT IPUBEAEH B Ta61. 1.

. OBOHATENbHBIN

Il. 3puTenbHbIN

IIl. TnasofBuratenbHbIn

IV. BnokoBbil

V. TpOAHNYHbIA

VI. OTBOASILMIA
VII. Nlnueson

VIII. MpennsepHo-
Y/MTKOBLIN

IX. A3bIKOrNOTOYHBIi

X. BnyxpatoLnit

XI. Jo6aBoYHbIiA

XIl. MoabaA3blYHbINA

Puc. 44. HepenHo-mMo3rosble HepBbl
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Ta6nuua 1. YepenHo-mMo3roBble HepBbl M UX OYHKLUK

Homep n
Ha3BaHue HepBa

Tun akcoHoB

BaxHeviwmne hyHKUUN

|. O60HATENbHbLIN
IIl. 3puTensHbI

IIl. Ma3opsura-
TENbHbLIN

IV. Bnokosbli
V. TPOMHWNYHBIN

VI. OtBOAALMI
VII. Nlvuesoin

VIIl. NpenaosepHo-
YNUTKOBBIA

IX. A3bikorno-
TOYHbIN

X. BnyxpatoLmin

XI. Jo6aBoyHbIn

Xll. MoabA3bIYHbIN

Ocobble 4yBCTBUTENBHbIE
Ocobble 4yBCTBUTENBHBIE
Comatunyeckune asuratenbHble
BucuepanbHble aBUraTenbHbIe

Comatunyeckme auratenbHble
Comatunyeckme 4yBCTBUTENbHbIE
Comartnyeckume gsuratensHble

Comatnyeckne geurartenbHble
Comatnyeckme 4yBCTBUTENbHbIE

Ocobble HyBCTBUTENbHbIE
Ocobble HyBCTBUTENbHbIE
Comatndeckue gsuratensHble
BucuepansHble aBUraTenbHbie
Ocobble 4yBCTBUTENbHBIE
BucuepanbHbie 4yBCTBU-

TeNnbHbIE

BucuepanbHble ABuraTensHble

BucuepanbHble YyBCTBU-
TenbHble
ComMatudeckre apuratenbHsle

Comatunyeckue geuratenbHble

Comatunyeckme asuratenbHble

O6oHsHNe
3penne
[Bv>xeHna rnasa v Beka

MapacuMnaTn4yecKkmin KoHT-
ponb AvameTpa 3payka

[lBvxenns rasa
OcsazaHue (nmuo)

[BMXKEHMA XeBaTenbHbIX
MbILLIL

[BwmxeHnsa ras

[BUXEHNA MUMNYECKIMX
MbILLIL, Nnua

OuuyLLieHre BKyCa nepeaHv-
M/ ABYMS TPETAMU A3bIKa

Cnyx v paBHoBecue

[BWKEHWA MbILLL| FNOTKM
(poTornoTkm)

MapacuMnarmnyeckmi
KOHTPONb CNIOHHBIX Xenes

OulyuieHve Bkyca 3aaHen
TPETLIO A3bIKA

M3MeHeHne KpoBSHOro Aas-
NeHns B aopTe

Mapacumnatnyeckumin
KOHTPONb Cepaua, nerkmx u
OpraHoB 6PIOLLHOM NONOCTU

OuwyiieHre 6011 U3 BHYTPEH-
HWX OpraHoB

[BMXEHNA MbILLIL|, FNOTKM
(poTornoTkm)

[1BMXEHNS MbILLL TNOTKM
v weun

[BrxeHna asbika
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KPOBOCHAB>XXEHWVE MOSIrA

Bup cnepeau

Moar nosyyaeT KpOBOCHAGXEHME OT [ABYX Nap apTepHil: MO3BOHOYHBIX U
BHYTPEHHUX COHHBIX apTepuii (puc. 45). IIo3BOHOYHBIE apTEPUM CIMBAIOTCH Y
OCHOBaHHU$ MOCTa, 06pa3ysl HeMapHyIo 6a3usApHyIo apTepuio. Ha yposHe cpen-
HEro Mo3ra 6asuispHas apTe pus JeJIUTCs Ha PaBYIo U JIEBYIO BEPXHHUE MO3XKey-
KOBbI€ U 3aJHUE MO3roBble apTepuu. O6paTuTe BHUMAHUE, YTO 33JHUE MO3Io-
Bbl€ BETBU MMEIOT BETBM, HA3bIBAEMBIE 3A0HUMU COCOUHUMEILHBLMU ApmePUAM,
KOTOpbI€ COEAUHSIOT UX C BHYTPEHHUMHU COHHBIMH apTepusMu. BHyrpenHue
COHHblE aPTEPUM Pa3BETBJAIOTCH, JaBas HA4yalo NePeJHUM U CPEJHUM MO3TO-
BbIM aprepuaM. Takum 06pa3oM, B OCHOBAHHMM MO3ra CyUIECTBYET 3aMKHYTbIN
KPYT CBA3aHHBIX apTepHil, 06pa30BaHHbI U3 3aIHUX MO3TOBbIX, 3aJHUX COEIU-
HUTEJIbHBIX apTepHii, BHYTPEHHUX COHHBIX, IEPEJHUX MO3TOBBIX U IepeHei
COEIMHUTENbHOI aPTEPUU. DTO KOJIbLIO HA3BIBAIOT SUAAUIULEDIM KPY2OM.

MepepHss
MO3roBas
apTepus
MepepHss
COeAMHUTENbHAR
apTepus
CpepHss
MO3roBas
apTepvs

BHyTpeHHsA
yTP! 7 4
COHHas apTepus

i} S
N

3apgHsas A

coeAMHMTeanas{ X Sapsisn

apTepus ~

vep MO3roBasi
apTepus
BepxHss
MO3XeyKoBas

baaunapHas apTepua

(ocHoBHas)

apTepus

BeprebpansHas aptepus

Puc. 45. Cxema kpoBocHabxeHus Mo3ra (Bva cnepeau)
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Bup c6oky

O6paTuTe BHUMaHHE, YTO OCHOBHAsl 4acTb GOKOBOI NOBEPXHOCTH MO3ra
cHabxaeTcsl KPOBBIO OT CpPelHeil MO3roBoii apTepueii (puc. 46). ta aprepus
TaKXe IUTAET yGOKHe CTPYKTYPhl B OCHOBAaHUM N€PEIHEro MO3ra.

KoHeyHble KOpKoBbie
BETBM NepefHen
MO3roBOI apTepun

CpepHsia KoHeuHble KopkoBble
MO3rosas } BETBU 3aHEN
apTepus NS MO3roBoV apTepun

Puc. 46. Cxema kpoBocHabxeHus Mo3ra (sua cooky)

Bua nsHyTpu (cTBon Mo3ra yaaneH)

OcHOBHas 4acTb MeAMIBHON CTEHKH MOJIyIIapUs MO3ra CHab)kaeTcs U3 6ac-
ceifHa nepeHeil MO3roBoii apTepuu (puc. 47). 3aHsAsS MO3roBas apTepust CHaG-
XaeT KPOBbIO MEJNAIbHYIO CTEHKY 3aThIIOYHOM JJOJH ¥ HUXHIOIO IOBEPXHOCTD
BHUCOYHOI JOJIN.

MepenHss L &
MO3roBast W 3aHss MO3roBasi apTepust
apiepua 3apHss COBAMHUTENbHAS apTEpUs

Puc. 47. CxeMa KpoBOCHaGXEHWA MO3ra (BUf, U3HY TpW)
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SAOAHNA AN CAMOKOHTPONA

AToT HAGOp 3aZaHMiT pa3pabGoTaH, YTOObI IOMOYb BaM 3aKPENUTb 3HAHUS
O HepOaHaTOMHUHU, KOTOpPbIE€ Bbl MOJYYMIH, IPOYUTAB NPEAbIAYIINE IaBBL
B 3ajanuax npeajoxeHbl KOMMU U30OPaXEHMI], KOTOpbIE BhbI yXe BUJAEIH,
HO BMECTO NOJIMCEH MbI IIOCTABHJIM NPOHYMEPOBAHHbIE BBHIHOCHBIE JIMHUU
(pacnoJioxeHHbI€ M0 YaCOBOM CTPEJIKE), yKa3blBalOUIME Ha COOTBETCTBYIOIHE
cTpyKTyphl. [IpoBepbTe CBOM 3HAHM A, BIIMCAB NOAXOAAIME Ha3BAHUA B IyCThIX
cTpokax. YTo6bl NPOBEPUTDL CBOM 3HAHUSA, HE NMOAMAAbIBaiiTe. ONBIT NOKa3bI-
BA€T, YTO TaKas TEXHUKA 3HAUMTEJbHO yjydmaeT 3¢@eKTUBHOCTb Ipolecca
0o6y4yeHus U 3allOMMHAHMUE AHATOMUYECKUX TEPMUHOB. 3HaHHE TE€PMUHOJIOTUU
COCJIY)KUT BaM XOPOIIYIO CTyK6y, KOrJja Bbl IPUCTYNUTE K U3YYEHUIO (PYHKLIHO-
HaJIbHOTO YCTPOIICTBA MO3ra.

JlaTepanpHas MOBEPXHOCTb MO3ra

(a) Obwue xapaxmepucmuru 6) Omoenvrole ussuAURbL, 60p030bL U WAL

1.
2.
3.
4.
5.
6.
7.
8.
9.
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(8) Joru mosza u ocmposox

383

Gvk 0 o=

(2) Ocnoerovie wyscmeumensiole, 0suzamessrvie U ACCOUUAMUBHBLE 30HBL KOPbL

1"
10 12 13
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Mezmanbnaa IIOBEPXHOCTH MO3ra

(a) Cmpyxmypri cmeosa mosza (6) Cmpyxmypre nepedreeo mosea

CTBO/ MO3ra 1 MO3XEYOK YAaneHsl,
MO3I HEMHOTO NOBEPHYT

—_
© Y P®TU PN

—
[a—

[ S e —
NS UUk 0Ny
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(8) HCenyoouxu mosza

° =" CTBOJ MO3ra 1 MO3Xe4oK
yAaneHbl, MO3r HEMHOTO
MoBEpPHYT
1.
2.
3.
4.
5.
BenTpanbHast IOBEPXHOCTb MO3ra
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
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ThLIbHAs MOBEPXHOCTb MO3Ta
(a) Boavwoii mo3e

U 0N

(6) Boavwioii mo3z yoaren

© X
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(8) Boavuoii mo3z u Mo3xncewoK yoarenv.

10.

387

11.

12.

13.

14.

15.

16.

17.

Ilepenuumii MO3r Ha ypOBHE COEJHHEHNUS TalaMyca
C KOHEJHBIM MO3rOM
(a) Obuue xapaxmepucmuxy
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(6) Hsbpannuie pynnov. KAemox u 6040KOK

® N Gk 00N
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Ilepeanuit Mo3r mocepeauHe TaTaMyca
(a) Obwue xapaxmepucmurxu

S S S

(6) H3bpanmsie epynnst kKAemox U 6040K0H
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Ilepeannii MO3T Ha ypoBHE COeAMHEHUS TaTaMyca
CO CpefHIM MO3rOM
(a) Obuue xapaxmepucmurxu

N O Gk 00N
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(6) Hs6pannsie spynnot kiemok u 6040K0H

10.
11.
12.
13.
14.

Gt 00 N s

14

POCTPaJIbHa.ﬂ 9acThb CpEAHEr0 MO3ra
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Kay;(a.m:naa 9aCcTh CpEAHEr0 MO3ra

8

© oo

MocT 1 M0O3)Xedok

10.

11.

12.

13.

14.
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Cpepnss gacte
NPOJ0JIroBaTOro Mo3ra
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Poc'rpa.nbnaa 9aCTh IPoOaO0JIr0OBATOro MO3ra

6 7

IIepexox mpoaoJAroBaTOro
MO3ra B ClIMHHOM
14

S

T
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l'[epem-le601conaa HOBerHOCTl: CIIMHHOI O MO3ra

10 AOPCAJIbHbI

?
=

BEHTPAJIbHbIN

© PO NP TR 0N =




18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Mpunoxexue. NnaocTpMpoBaHHOE PyKOBOACTBO

Anatomus NOIIEPETHBIX CPE30OB CIHHHOIO MO3ra

20 21

19
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YepenHurie HEPBHI
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KposBocHaGxeHne Mo3ra
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G-6enox IloaMeMGpaHHbIi GEJOK, KOTOPBI NMpPU aKTHUBAIMM MEMOPaHHbIX
peLenTopoB CBA3bIBAETCSA C ryaHo3uHTpUdocdarom (I'TP). AkTuBHBIE G-GeKn
CIIOCOGHBI CTUMYJIMPOBATh WJIM YTHETATh APYrue MEMOpaHHbIE GEJIKH.

AGcomoTHeIil pedpakTepHbIi mepuoj. [lepuoa BpeMenu, u3MepAEMbIii OT
Hayaja MOTEHIMa a AEHCTBUS, Ha NPOTSXKEHUU KOTOPOrO HE MOXET GbITh BbI-
3BaH HOBbII MMOTEHLIMA JEACTBUS.

ApToHOoMHas HepBHas cuctema (AHC). Cuctema neHTpaibHbIX U nepudepu-
YEeCKUX HEPBOB, UHHEPBUPYIOIMX BHYTPEHHHME OPraHbl, CEpJEYHO-COCYAUCTYIO
CUCTEMY U )KeJIe3bl; Takxe HasbiBaeTcsl BucuepaibHoit IIHC. AHC cocrout u3s
CUMITATUYECKOTO, MAPaCUMIIATUYECKOTO U KUIIEYHOrO OT/AENA.

AsTopaamnorpagus. MeToJ BU3yaIM3alui MECT PaJUOAKTUBHOTO U3JTy4EHUS
Ha cpe3ax TKaHel.

ApTopenenTtop. Penentop npecuHanTU4YecKoii 060J0YKH T€PMUHAIU aKCO-
Ha, YyBCTBUTEJIbHbII K HEIPOMEAUATOPY, BbIAEIAEMOMY U3 3TOi TEPMUHAIU.

Aronucr penenrtopa. Bemectso, koTopoe cBA3bIBa€TCA C PELIENTOPOM U AKTH-
BUPYET €ro (PyHKIIMIO.

Anenunaruuioraza. PepMeHT, KOTOPbIi KaTamuaupyeT npespamienue AT® B
uIUIMyecknit AM®, BbINOJHAIOWUI POJIb BTOPUYHOTO NOCPEAHUKA.

Anenosnntpudgocgar (ATP). Mosrexyia, KOTOpas CIYKUT KJIETOYHBIM HCTOY-
HUKOM 3Hepruu. [uapoms AT® c nonyuenuem agenosunaudocdara (AJ1P) BbI-
CBOGOXJAET SHEPTUIO, KOTOpAsA MUTAET GOJBIIMHCTBO GUOXUMHUUECKUX MPOLIEC-
coB HeiipoHa. B mutoxonapusax AJI® cuosa npespamaercs B ATO.

Anenosuntpudocdar (ATP). Mosiekyna, KoTopas CIYKUT KJIETOYHBIM HCTOY-
HuKoM sHepruu. [uapoms AT® c nonyyenuem agenosunaudgocdara (ALP) Bol-
CBOGOXJIAET DHEPTUIO, KOTOpAs MUTAET GOJLIIMHCTBO GUOXUMUYECKUX MPOLEC-
coB HeiipoHa. B Mutoxonapusax AI® cuosa npespamaercst B ATO.

Anpenanun. KaTexonaMUHOBBIN HEfPOMEAUATOP, CUHTE3UPYEMbIiT U3 HOpPa-
JPpEHaJINHA; APYroe Ha3BaAHUE anuHePpu.

Axcon. Heiiput, xoTOpblit cienMaIn3upyeTcss Ha MPOBEJE€HUU HEPBHBIX UM-
HyJIbCOB, WJIM OTEHIIUAIOB JEHCTBHS, OObIYHO OT TeJIa HeHPOHa.

AxcoHHbrii 6yropok. Hauasno akcoHa.

AxcoHHbIii TPaHCcnopT. [Iponecc nepemenieHysa BEMECTB M0 AKCOHY.

AxTuBHas 30Ha. [IpecnHanTHyeckas MeMGpaHHas auddepeHuanys, KoTo-
pas CJIy>KUT MECTOM BbICBOGOX AEHUS HEPOMEAUATOpA.

AMmHOKHCI0Ta. XUMHUYECKUIT CTPOUTEIbHBII 6JIOK JJI TPOM3BOJCTBA MOJIe-
KyJ1 6€JIKOB, YTO COJEPXKUT LIEHTPAIbHbII aTOM YIIEpPOAA, aMUHOT PYIITY, KapGOK-
CUJIbHYIO TPYIINy ¥ BapraGesbHyo R-rpymnmy.
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AMPA-penenTop. HMoHoTponHbIi peLenTop mIyTaMaTa, Nepeaiouyii Obl-
CTpble BO3GY)KAAIOIE CUTHAIBI B CHHAIICAX HEPBHOM CUCTEMBI I03BOHOYHBIX.

Annon. OTpulaTeIbHO 3apsKeHHbII1 HOH. Cm. maxace KaThoH.

AHTaroHMcT penentopa. Beuectso, KOTopo€e CBA3BIBAETCA C PELENTOPOM U
YTHETaeT ero (PyHKIUIO.

AHTerpaJHblii TPaHCHOPT. AKCOHHBII TPAHCITOPT BELIECTB OT TeJla HelfpoHa
K TEPMUHAISAM aKCOHa.

Acrpouur. KieTka mmm B Mo3re, KOTopas NOAAEPKUBAET HEHPOHBI U PETyJIU-
PYET BHEKJIETOYHYIO KOHILIEHTPALIMIO MOHOB M XUMHYECKUX BEIIECTB.

AddepenTHsIii. YkasblBaeT HanpabjeHUe nepefayu MHQopMaLMM aKCOHa-
MU — X OIIpEJIE€JIEHHOM TOUKE.

Anermnxommn (AX). AMUH, KOTOPBIH CIIY>XUT HEPOMEIMATOPOM BO MHOTHUX
cuHarcax nepugepuyeckoii ¥ HeHTPaIbHOM HEPBHOM CUCTEMbI, BKJIOYas HEIpo-
MBIII€YHbIE CHAICBL

Bapourypartsl. Knacc siekapcTBEHHBIX CPEJCTB C YCIOKaWBAIOLUIUM, OOMIMM
06€360IMBAIOIUM U IPOTUBOCYOPOXHbIM 3¢ (eKTOM; 6apoUTYpaThl AEHCTBYIOT
YaCTUYHO 3a CYeT CBA3bIBaHUA penienTopoB TAMK u npoasienus ux MHru6upyio-
1Llero Bo3AeicTBUs.

BecumnukoBerii HelipoH. HeltpoH, y 1eHIPUTOB KOTOPOro OTCYTCTBYIOT LUMIIBL.

Besoe BemecTBo. Co6upaTesbHbI1 TEPMHH JJISl BCEX aKCOHOB LEHTPaIbHOM
HepBHOM cucTeMbl. IIpu cBexeM BCKPLITUM MO3ra aKCOHbI BBINIAAAT GEJI0BAThI-
mu. Cu. maxce Cepoe BEmECTBO.

Bensoanazenmnusl. Kiacc npenapaTtoB ¢ aHKCHOJUTUYECKUM, YCIIOKOUTEb-
HbIM, MMOPEJIAKCUPYIOIUM U IIPOTUBOCYAOPOXKHBIM 3¢ deKTamy; AeiicTByeT 61a-
rojaps cBs3biBaHuio penientopos TAMK u nmposieHnio MX MHrMOUPYIOIMX BO3-
NelCTBUIA.

Bunonsipusiii HeiipoH. HeiipoH ¢ aBymMsa HelipuTamu.

Boabmoii Mo3r. Camasi KpynHas 4acThb [€PEJHEr0 MO3ra, Ha3blBaeMas TaKXKe
KOHEUHBIM MO3ZOM.

Boposaa. Yiy6ieHne Ha OBEPXHOCTH MO3ra, PacrosIoKeHHOE MEXy JByMst
COC€EAHUMHN N3BUJINHAMMU.

BeHneuHas mIOCKOCTb. AHaATOMUYECKas TUIOCKOCTD, pa3Jesisioliass HEPBHYIO
CHCTEMY Ha NEePEHIO U 3aJHIOI0 YaCTH.

BenTpanbHbIif. AHATOMHYECKOE HaIlpaBJeHHe, YKa3bIBaloIlee B CTOPOHY JKU-
BOTA.

Bucounas monsa. O61acTh MO3ra, PacrosIoXeHHas oJ BUCOUYHOM KOCTBIO.

Bucneparbnas ITHC. Yacts nepudepudeckoit HepBHOI CUCTEMbI, UHHEPBU-
pyiolllasi BHyTPEHHUE OpPraHbl, KPOBEHOCHbBIE COCY[bl U JK€JIe3bl; MHaYe HMEHYye-
Mas asmonomnoti ITHC.

BHyTpeHHee cOmpOTHUBIeHNE. DIEKTPUUIECKOE CONTPOTHUBJIEHHE, BO3HUKAIO-
€€ NpU MPOXOXKAEHUH TOKA IO MPOBOAY UM HEMPUTY, OTOOPaXKAETCA CUMBO-
JIoM 7,
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BuyTpennss xancyma. bojbliasi COBOKYITHOCTb aKCOHOB, COEIUHSIONIMX KO-
HEYHBII MO3T C IIPOMEKYTOYHBIM MO3IOM.

Bogonposoa Mo3ra. Kanain, pacroJioxXeHHblit B CpeIHEM MO3Te U 3aIOJIHEH-
HbIH CIIMHHOMO3IOBOM XHUAKOCTBIO.

Bo36yaumaa mMeMGpaHna. Jlio6as MmeMOpaHa, CIIOCOOHasi reHepUpoOBaTh IO-
TeHIMa AefcTBUA. MeMOpaHbl aKCOHOB U MbILIEYHbIX KJIETOK ABJISIOTCS BO36Y-
JUMBbIMU.

Bo3Gy>xaalommii nocrcuHanTudecknii norennnan (BIICII). ITorenuman ae-
MOJIAPU3AIMM IIOCTCUHANITUYECKOI MeMOPaHbl, BbI3bIBAEMbIIT HelipoMeauaTopa-
MM, BbICBOGOX Ja€MbIMU B CHHATIC.

BopoTHbiii MexaHu3M. CBOHCTBO MIOHHBIX KaHaJIOB, TO3BOJIAIONIEE UM OTKPbI-
BaTbCS U 3aKPbIBATHCA B 3aBUCHMOCTH OT U3MEHEHUET MUKPOOKPYKEHHS B JaHHOM
y4JacTKe MEMOpaHbI.

Bpemennas cymmanus. KoM6uHMpoBaHue BO36GYXAAIOUIMX OCTCUHAIITHYE-
CKMX ITOTEHIIMAJIOB, BO3HUKIINX ObICTPOI1 uepefoit B 0HOM cuHarce. Cu. mawoce
IMpocTpaHcTBeHHasA CyMMaIus.

BcraBounblii HeiipoH. JI1060ii HeipOH, He ABJIAIOIMIACA YYBCTBUTEIHLHBIM
WJIM ABUTaTeJIbHbIM; TaK)Ke 3TOT TepMHMH onucbiBaeT HeitpoH ITHC, akcon koro-
POro He NOKUAAET MpeJeJibl CTPYKTYPhI, B KOTOPOIT OH PAaCIOJIOXEH.

Bropuunerii nocpeHuK. XUMUYECKUIT CUTHAJI C KOPOTKUM 1€ PUOJOM XU3HU
B LIUTO30JI€, KOTOPBIN CIOCOGEH 3anycKaTh GHOXMMHUYecKUe peakuuu. O6paso-
BaHME BTOPUYHOTO MIOCPEAHUKA OGbIYHO CTUMYJIMPYETCS EPBUYHBIM IOCPEIHU-
KOM (TOPMOHOM WJIM HEHfPOMEAUATOPOM), BO3JEICTBYIOUIMM Ha PELENTOPbI, CO-
npsbxeHHble ¢ G-6€JIKOM Ha MOBEPXHOCTH KIeTKU. [IpeacTaBUTEIIMI BTOPUYHBIX
IIOCPEAHUKOB ABJISIOTCA LIMKJIMYECKUI aJleHo3uHMOHOpochaT (LAM®P), nnkin-
4eckuii ryanosuaMoHodochaT (uMP) u unosuron-1,4,5-rpudocdar (UD,).

T'AMK-3pruueckuii. B oTHOIIEHNN HEIPOHOB MJIM CHHAICOB, BbIpaGaThIBalO-
IUX JIUGO BbICBOOOXK AAIOIMX FaMMa-aMUHOMACJISHYIO KUCTIOTY.

lamma-amunoMacnsinas kuciaora (TAMK). AMuHOKMCIOTa, CHMHTe3UpyeMas
Y3 IJIyTaMaTa; OCHOBHOM TOPMO3AIIMI HEPOMEANATOP LUEHTPAJIbHONH HEPBHOM
CUCTEMBL

Tlanrmmii. O6beiuHeHNE HEITPOHOB B NepUdepUYECKOil HEPBHOIT CUCTEME.

IemaTosnnedarugeckuii 6apbep. OCOGEHHOCTb CTEHOK KaIMLISAPOB MO3ra,
KOTOpas He MO3BOJIAET BElleCTBaM U3 KPOBU MIEPEXOJUThb B MEXIUIETOYHOE ITPO-
CTPaHCTBO MO3ra.

Ien. Enununa HaceACTBEHHOCTH; NIOCJIEI0BATENbHOCTD GeJika, KOAUPYIoas
OZiMH 6€JIOK WJIU MOJIUIIENITUL.

Iennas nmH)xeHepust. MaHUNYJIAIMM C TEHOMOM OpPraHM3Ma IyTeM BHEPEeHUs
um yaanenus ¢pparmentos JHK.

Tenom. COBOKYITHOCTb e HETUYECKOTO MaTepHaa OPraHu3ma.

Tu6puausanus in situ. Meton noxanmuzanuu neneit uPHK B xretke.
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TunoTanamyc. [lepeaHss 4yacThb IPOMEXYTOYHOTO MO3Ta, 3a€HCTBOBAHHASA B
ynpaBJ€HUHY aBTOHOMHOI1 HEPBHOI CUCTEMOI1 U TUTIO(U3OM.

Tummokamn. O671acTh KOpbI MO3ra, KOTOpasi MEAWAIbHO NpUIeraeT K o6oHs-
TeJIbHOI Kope. Y JIIoZielt TMIIOKaMIT PACIIOIOXKEH B BUCOYHOMN J0JI€ M UTPAET BaX-
HYIO POJIb B OOYYEHUH U [TAMATH, 2 TAKXKE B TUTIOTA/IAMO-TUIIO(MU3a PHOIT Pery ISy

Tucronorus. MUKpocKon1YecKoe u3ydyeHne CTPYKTYphbl TKaHEi .

Inagxuii 5HAOIIa3MaTHIECKMiT peTHKYIYM (raaakuif IP). Kuerounas opra-
HeJUla, OKPY’X€HHasi 060JIOYKOI, FreTeporeHHas Mo CTPYKTYPe M BbINOJHSAIOMAsA
pas3auyHble PYHKIMU B 3aBUCUMOCTH OT PacCIOJIOXKEHUS.

Imunyn (). AMMHOKHCIOTa; TOPMO3SALIMIA HEHPOMEAUATOP B HEKOTOPbIX
3oHax [THC.

Imns (xretka rommn). Cm. Onuzodendpoyum.

Imyramat (Iry). AMMHOKMCIOTA; IIaBHBIE BO36YXAAIOUIMIT HeiipoMeAnaToOp
LEHTPaJIbHOI HEPBHOM CUCTEMBI.

InyramaT-3aBMCMMBIif HOHHBI KaHat. CM. Kaunamwwii peyenmop.

I'myramaTaprudeckmii. B oTHOIEHMM HEMPOHOB WM CMHATICOB, BbIpabaThIBa-
IOLUX MJIM BbICBOGOKAAIOMIMX TJIyTaMaT.

Topu3oHTaIbHAsA IIOCKOCTh. AHATOMUYECKAs MJIOCKOCTh, KOTOpas pasjes-
€T HEPBHYIO CUCTEMY Ha BEPXHIOIO U HIDKHIOIO YaCTh.

IpagneHT KOHIEHTPaLuK. Pa3HOCTh KOHIEHTPAaLUU MeXAy ABYMS peruoHa-
MU; TpaJMe€HT KOHLIEHTpAlUX MOHOB IO pa3Hble CTOPOHbI OGOJIOYKM HeifpoHa
onpejiesifieT €ro MeMOPaHHbIif IIOTEHIUAL.

JiBuraTeibHasi KOHEYHas IIACTHMHKA. [locTcMHanTHYeCKas MeMOpaHa B Hei-
POMBIIIEYHOM CHHATIICE.,

JMenapur. Heitput, KOTOpbIit cieniaIM3upyeTcs Ha IoJTy4eHUY MHGOpMaLUK
OT JPYTUX HEPOHOB.

HdenaputHoe gepeBo. COBOKYITHOCTDb JE€HJPUTOB OJHOrO HepoHa.

JeHpuTHBIE INMIMKH (INMIbI JeHAPUTOB). MajleHbK1e BbITUPaHUA 06010Y-
KU, OTXOAAIIUE OT AEHAPUTOB HEKOTOPbIX HEHPOHOB U MOJyYalolKe BXOAAIIYIO
HMHGOPMaLUIO U3 CUHATICOB.

Jenonspusanus. MsMeHenne noTeHnuata MeMopaHbl, IePeBOAsLIEE €€ U3
cocTosHUsA Mokosi (-65 MB) B MeHee oTpULATeJbHO 3apsA)XEHHOE COCTOSTHUE
(0 MB).

HJuanuaraunepon (JAI). Mosiekynia BTOPUYHOTO NMOCPEAHUKA, MOJydyaeMas
npu Bo3AeiicTBuM pocdonmnassl C Ha MeMOGpaHHbIi pocdonunua pocdaTuiy-
1MHO3UTON-4, b-6udocdat. JAI akTusupyeT pepmeHT nNpoTenHkuHasy C.

duddepennmamms. IIpouecc B aM6PUOHAIbHOM Pa3BUTHH, BO BPEMS KOTO-
POTrO CTPYKTYPbI YCJIOXHSAIOTCS, @ UX (PYHKIIMH CHIELUaTU3UPYIOTCS.

Hduddysus. JIsrxenne MOJIEKYT U3 06J1aCTH C BbICOKO KOHIEHTpaIeil B 06-
JIaCTh C HU3KOM KOHIIEHTPaIUel, KOTOPOE 3aBUCUT OT TeMIIEpaTypbl U IPUBOAUT
K paBHOMEPHOMY paclpe/e/IeHUIO.
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AHK (1e30kcnpuGonykIenHOBasAs KMCI0Ta). [[BycnupaibHas MOJIEKyJa, Co-
CTOAIIAA U3 KOMOUHAIIMH YEThIPEX HYKJIEUHOBBIX KUCJIOT, KOTOPas COAEPIXKHUT re-
HeTHUYECKUE UHCTPYKLIUU AL KJIETKH.

HopcanbHblil. AHATOMHYECKOE HallpaBJIeHHUE, YKa3bIBaIoIee B CTOPOHY CIIUHbL.

Hoda. Mosekya — nmpealecTBeHHNIA AodaMIUHA U IPOYHX KaTEXOJIaMUHOB.

Hodamun (JA). KaTexosaMHHOBbINI HepOMEAMATOP, CUHTE3UPYEMblil U3
bi(elin) 8

KenynoukoBass cuctema. COBOKYNHOCTb IOJIOCTEH MO3ra, 3alOJHEHHbIX
CIMHHOMO3rOBOI XUAKOCTBIO; BIUIIOUAET B Ce6s JaTepalbHbIE XETyJOUYKH, Tpe-
THIA XKeTyA0YeK, BOAOPOBO/ MO3Ta U YETBEPTBIiT XKeTyAOUEK.

3aguuii kopemok. [Ty4ok akCOHOB YYBCTBUTEJILHBIX HEIIPOHOB, KOTOPBIE OT-
XOJAT OT CHMHHOMO3IOBOI'O HEPBA U MPOHUKAIOT B 3aJHIOI0 YaCTh CITMHHOT'O MO3-
ra. AKCOHbI 3a/IHETO KOPEIIKa HeCyT MH(POPMALIMIO K CIMHHOMY MO3ry. Cm. makace
Ilepeanuii KOpeEIOK.

3amumii Mo3r. O61acTh MO3Ta, NPOM3OUIEAIIAs U3 KayJalbHOTO IIEPBUYHOTO
MO3roBOTO My3bIps; MHAYE Ha3bIBAETCS POMOOBUAHBIM MO3roM. K 3agHeMy mMoary
OTHOCSATCS MO3XX€YOK, MOCT U IIPOJI0JIrOBAThIi MO3T.

3aguuii por. 3aHAS YaCTh CIIMHHOTO MO3ra, COCTOSAIAs U3 TeJl HEHPOHOB.

3aauumii. AHATOMUYECKOE HalpaBjieHHe, yKa3bIBalolllee B CTOPOHY CIIMHbI WK
XBOCTA.

3akon Oma. CooTHOLIEHHE MeX 1y CHJIOi ToKa (I), HanpsbkeHueM (V) 1 nposo-
AUMOCTBIO (g): I= gV. T10CKOJIbKY 3/1EKTPONIPOBOAHOCTD ABJIAETCSA IPOTUBOIOJIOXK-
HOCTBIO CONTpoTHBJIeHHIO (R), 3akoH OMa MOXXHO 3anucathb Kak: V= IR.

3aTburounasa mosaa. O6JacTb MO3ra, pacloJIOXeHHas MOJ| 3aThUIOYHOI KO-
CTbIO.

3Be3guaTas kierka. HeitpoH, yTo xapakTepuayeTcs Jy4ucTOl, 38€34006pa3-
HOI1 POPMOIt OTXOX/IEHUS OTPOCTKOB.

3esnensiii ¢gayopecuentHsiii 6enok (3PB). besok, xoaupyemblit reHoM Me-
Ay3bl [Tpy 061y4eHnH CBETOM C HeOOGXOAUMOI JUInHOI BoHbI 3Pb nanyyaer sp-
KO-3€JIEHOE CBEUEHHE, YTO MM03BOJIET BU3YyaIM3UPOBATh HEIIPOHBI, B KOTOPbIX OH
3KCIPECCUPYETCH.

H3zeuimna. Byropok uiu BbINMpaHHE, PaCIONOXKEHHOE MexJy Goposfamu
Mo3ra.

HMMyHOUMTOXMMHSA. AHATOMUYECKUIT METO/l, KOTOPbIf UCIOJIb3YEeT aHTUTE-
JIa 111 U3YYEHUs pacIloJIOXKEHUS MOJIEKY/I BHYTPH KIETOK.

Huru6urop. JlekapcTBEHHOE UJIM TOKCHUYHOE BElleCTBO, KOTOPOE GJIOKUPYET
HOpMaJIbHOE JieficTBUE GeJlKa UM GMOXHMHUYECKOTO MTPOoIecca.

Hunepranus. O6ecreyeHnie BXOJHOTO CUHANTUYECKOTO CUTHaIA IUIETKE UJIH
rpynmne KJIeTOK.

Hnosuroir-1,4,5-rpucdocdar (UP,). Mosekysa BTOPUYHOTO IOCPENHU-
Ka, KOTopas o6pa3syeTca mpu Bo3AeicTBUM (ocdonunaspl C Ha MeEMOpPaHHbIM
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dbochommnua nnosuron-4,5-audpocdar. P, BbI3bIBa€T BHICBOGOXKIEHUE HOHOB
Ca?' u3 BHYTPUIUIETOYHBIX JIETIO.

Hudopmanmonnas PHK (uPHK). Mosekya, 06pa3oBaHHas [10C/1e0BaTe b
HOCTBIO U3 YEThIPEX HYKJIEMHOBBIX KMCJIOT, KOTOpas NIEPEHOCUT U3 A4pa B UTO-
IIa3My MHCTPYKIIMU O cGopKe GeJka.

Hon. ATOM WM MOJIEKYJIA, KOTOPas BCJIEACTBUE PA3IMYHOTO KOJIMYECTBA 3JIEK-
TPOHOB U IPOTOHOB MUMEET OJAMHOYHBII 3JIEKTPUYECKUIT 3aPAL.

Honnas cenekTHBHOCTb. CBOICTBO MOHHOTO KaHaJjla: HallpuMep, KaJueBble
KaHaIbl M30MPATENLHO MPOMYCKAIOT MOHBI K*, HaTpHeBble KaHAIbI — UCKIIOYH-
TeJIbHO MOHbI Na*, KabiueBble — Ca* U T.J0.

Honnpnii xanan benok, mpoHusbiBaiomuii 060JI0YKY, KOTOpBIiI oOpa3syeT
NIOpY, NO3BOJIAIONYI0O MOHAM IPOXOAUTD U3 OJJHOI CTOPOHBI MEMOPAHbI Ha APYTYIO.

Honmnblii Hacoc. beslok, KOTOpPbIit IepeHOCUT HOHBI Yepe3 060JIOUKY KJIETKHU C
3aTpaTaMu METa60JIMYECKO SHEPTUM.

HncuiaTepaibHblii. AHATOMUYECKOE HalpaBJ€eHHe, YKa3bIBalolllee Ha OHOU-
MEHHYIO CTOPOHY OT CPEAUHHON JIMHUU.

KaunaTtnbiii penenrop. [Toasua nryTaMaTHOTO pelleNTOpa; IyTaMaT-3aBUCH-
MbIif MOHHBIH KaHaJl, IPOHUILIAEMbI 111 HOHOB Na* u K.

Kanbumesslii Hacoc. loHHbII HAcOC KI€TKU, KOTOPbII BBIBOAUT U3 LIUTO30JISA
voHbl Ca?,

Kanbumii-kareMoaymH-3aBucuMas nporeunkunasa (CaMK). ®epwmenr,
KOTOPBbIi Cpeiv IPOYETO NPUHUMAET yYdCTUE B MOJIEKY/IIPHBIX MEXaHU3MaX Ma-
MSATH.

Kananonatus. [eneTnueckoe 3a60jieBaHNE YEIOBEKA, BbI3bIBAEMOE HM3MEHE-
HUSAMH CTPYKTYPbI U GYHKLHUNA MOHHBIX KAHAJIOB.

Kananpnebrii pogoncun-2 (ChR2). CBeTO4yBCTBUTENbHBII KATUOHHBII KaHaJ,
M3HAYaJIbHO BbIIEJE€HHbINM U3 3€JIEHBIX BOAOPOCIEN, KOTOPDI MOXKET 3KCIIPECCH-
POBaTLCSA HEIIPOHAMU U UCIIO/Ib30BAThCA AJISl KOHTPOJIS UX aKTUBHOCTU C TIOMO-
IbIO CBETA.

Kancyna. COBOKYNHOCTb aKCOHOB, KOTOpble€ COEAUHSIOT GOJBIION MO3r CO
CTBOJIOM MO3ra.

Kackaa BTOPHYHBIX IOCPeAHUKOB. MHOTIOCTYIIEHYATHII IPOLIECC, KOTOPIH
CTpATaeT aKTUBALMIO PELENITOPOB HEHPOMEAUATOPOB C aKTUBALIMEIT BHY TPHIKJIE-
TOYHBIX (PEpPMEHTOB.

Karexosamunsl. Heitpomeauatops! fodpaMuH, HopaApeHaIMH U aJ]peHaIMH.

Katnos. I[To10XuTeNbHO 3apsaXeHHbIA HOH. CM. maxzxe AHUOH.

KaypaneHblil. AHATOMHYECKOE HANpaBJI€HUE, YKa3bIBalollee B CTOPOHY XBO-
CTa, WM Ha3af.

KBanTuabHbli aHamm3. MeToJ onpeeseHUs KoJu4ecTBa CHHAIITUYECKUX 1Ty-
3bIPbKOB, BbIAEJAIOMUX HEfPOMEANATOP BO BPEMSI HOPMaJIbHOI CMHANITUYECKON
nepejauu.
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Knerxa muxporymu. Tun 101eTOK DIMH, KOTOpble paboTaloT nogo6HO daro-
IIUTaM B HEPBHOII CHCTeMe, MOIJIONask MEPTBbIE UM yMUpPAIOIIME HEHIPOHbI MU
KJIETKH ITTNH.

Knerxa IIIBanna. [DnanbHas KieTka, KoTopas o6ecrieyuBaeT MUEJIMHOM Iie-
pudeprYeCKyIO HEPBHYIO CUCTEMY.

Konarepanb akcoHa. OTBeTB/IEHHE AKCOHA.

Ko-memnaTop. OauH 13 AByx uu 60jiee BUJOB HEPOMEAUATOPOB, BblAese-
MBIX OJIHOIf IIPECUHANTUYECKOI TEPMUHAIbIO HEPBa.

Kommuccypa (cmaifka). COBOKYITHOCTb aKCOHOB, COEUHSAIOIIUX OHY CTOPOHY
MO3ra C ApYroi.

Kommnrekc Toabsmxu. Opranesuia, COpTUpyomas u MoAUpUIMpyomas 6eJku,
npeJHa3HayeHHble IS JOCTAaBKU B IPyrHUe 4acTH KJIETKU.

Koneunprit Mo3r. O6/IacTb TOJIOBHOI'O MO3ra, IPOUCXOAAIAs OT IepeJHero
mo3ra. K cTpykTypaM KOHEYUHOro Mo3ra OTHOCATCA MOJIyHMIapUs MO3ra, KOTOpPble
COJiepXaT KOPY MO3Ta M OCHOBAHUE MO3Tra.

KonnekToMm. [Tonpo6Has auarpaMma, OMNMCBHIBAIONIAS CHHAIITUYECKHE CBA3H
HEMPOHOB JPYT C APYTOM.

Koncranra (mocrosnHas) puauHbl. Ilapamerp, ucnoib3yemslit A1 ONMCaHUS
PacCTOSHUSA, Ha KOTOPOE MOXKET ITACCUBHO PaClPOCTPAHUTLCS U3MEHEHHE TIOTEeH-
I[Ma1a MeMOPaHBbI 110 IPOBOAHUKY, IPECTaBIEHHOMY B BU/I€ AKCOHA WJIU IeH/IPUTA;
o6o3HayaeTca CMMBOJIOM A. KOHCTaHTa A/IMHBI A — 3TO pacCTOsSIHUE, HA KOTOPOM
AENOJISAPU3ALMS CHIKAETCS 10 NoKasaTes 37% CBOEro M3HavaIbHOrO 3HAYEHNUS;
OHAa 3aBHCUT OT CONIPOTHBJIEHHS MEMGPaHbI U BHYTPEHHETO CONPOTUBJICHHUS.

KonTparaTepanbHblii. AHATOMIYECKOE HalpaBJeHUe, yKa3blBalolliee Ha Ipo-
THUBOIIOJIOXXHYIO CTOPOHY OT YKa3aHHOIA.

Kopa mo3ra. C10it ceporo BeliecTsa, pacloIOXeHHbIH HENOCPEACTBEHHO T0J
TIOBEPXHOCTHBIM CJIOEM GOJIBIIOro MO3ra.

Kopa. Jlio60€ ckorieHre HeIfPOHOB, OOpa3yIoMMX TOHKHUI CJI0i1, OObIYHO Ha
MOBEPXHOCTH MO3ra.

Kopkosoe Genoe BemecTBo. COBOKYITHOCTb aKCOHOB, JI€XKAIIUX HEMOCpe.-
CTBEHHO IO/l KOPOIi MO3ra.

Kpbmua cpeanero Moara. YacTb cpeiHero Mo3ra, pacrnoJioxeHHasi 103y Bo-
JIOTIPOBOJIa MO3ra.

JlaTepanbHblii (60K0BOIi) xexymodek. [10710CTh, 3aNI0THEHHAs CIIUHHOMO3-
TOBOI JXUJIKOCTBIO, PACTIOJIOXKEHHAs B KaX/IOM IOJIyIIapUU MO3ra.

JlaTepanbHbIA. AHATOMUYECKOE HallpaBJ€HUeE, YKa3blBalollleeé B CTOPOHY OT
CpeaVHHOM JIMHUU.

Jlemuuck. IIpoBoaamMii MyTh, KOTOPbIi IPOTATMBAETCA CKBO3b MO3T MIOAOGHO
JIeHTe.

Jlo6nasn mossa. O61acTh MO3ra, PacloIOKEHHas KIIepeAr OT LEHTPaJIbHOIi Go-
PO3/bl U TIOA IOGHOI KOCTbIO.
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JlokanbHas ¢pukcanus MeMOpPaHHOro MOTeHUMaIa (M3TY-KIdMM). Meton,
TIO3BOJIAIONIMIT PETUCTPUPOBATh M U3y4aTh HOHHbIE TOKH Yepe3 OUHOYHbIIT HOH-
HBII KaHaJI.

MeauanbHbIii. AHATOMUYECKOE HANIPaBJIEHHE, YKa3bIBAIOIEE B CTOPOHY K Cpe-
JAUHHOM JIUHUU.

MemGpannan audgepennuanmsa. [110THOE ckorleHne GeKOB Ha MeMOpa-
Hax o0 06e CTOPOHBI CHHANITHUYECKOI LIeJIH.

MeMmGpanHoe conpoTusieHue. COITPOTHUBIEHHE TIPOXOXKAEHUIO JIEKTpHYe-
CKOTO TOKa yepe3 MeMOpaHy; 0603HAYAETCS CUMBOJIOM T, .

MeMGpaHHbI OTEHIMaTI MOKOsI. MeMOpaHHbBIN NMOTEHIMAI WM HanpsiKe-
HHe MeMOPaHbl, IOJIePKUBaeMOe KJIETKOi1, KOr/la OHa He FeHepUpYeT NOTeHLH-
aJbl JEHCTBUSA; TAKKE UMEHYETCA nomenyuarom noxos. IloTeHnyan nokos Heupo-
HOB COCTaBJIsIET OKOJIO —65 MB.

MeMmGpannbiif nortennnar. HanpsixeHne o60J04kM KIETKH; 0603HaYaeTcs
CUMBOJIOM V.

MeTtaGoTponHslii penentop. Penentop, conpsixenHblit ¢ G-6eJK0M, epBUY-
Haf 3ajlaya KOTOPOTO 3aKII0YaeTCs B CTUMYJISILIMM BHYTPUKIETOYHOH GMOXUMU-
YECKOM OTBETHOM PeaKIUH.

Meroa lonbaxu. MeTo; OKpamyBaHUS TKAHHA MO3Ta, KOTOPBIi1 TO3BOJISIET BU-
JeTb HEPOHBI U UX OTPOCTKH; Ha3BaH B 4YeCTb CBOETO OTKPbIBATEIs, UTAIbSAHCKO-
ro rucroora Kamumio Toabpxu (1843-1926).

MeTo cBA3BIBAaHMA JIMraHA. MeToJ, KOTOPbIiT UCIIO/Nb3yeT PafuOaKTUBHbIC
JIMTaH/bl PELeNITOPOB (arOHUCThI MJIM AaHTArOHUCTBI) ISl ONIpe/iesIeHUsl PacIoJio-
JXEHUS PelIeNTOPOB K HepoMeAuaTOpaMm.

MueymH., [TokpbITHE aKCOHOB, 06pa3yeMoe OJIMTOACHAPOLIMTAMU B LIEHTpalb-
HOI1 HEPBHOI1 CUCTEMe U IIBAHHOBCKUMH KJIETKaMHU B Iepudepudeckoil HepBHOI
cucreme.

Muxpononogopes. MeToa Bo3/€ifCTBUA Ha KIETKY OYEHb HU3KHMU KOHLIEHT-
PaLMAMU JIEKAPCTBEHHBIX BEIECTB MJIM HEHPOMEIUAaTOPOB.

MuxpoTpy6ouka. ITosumep 6e1ka TyGyIMHa, 06pasyeT NPAMYIO HOJYIO TPYOKY
auameTpoM 20 HM; MUKPOTPYOOUKH KaK 3JIEMEHT IIUTOCKEJIETA UTPAIOT BaXKHYIO
POJIb B aKCOHHOM TPaHCIIOpTe.

MukpocunamenT. ITosuMep 6ejlka aKTUHA, KOTOPbIiT 06pa3yeT CILJIETEHHYIO
L[eNb JUaMeTPOM 5 HM; KOMIIOHEHT KJIETOYHOTO LIUTOCKEJIeTa.

MukposnekTpoa. 30H, UCTIONb3YEMBIit JJIs1 U3MEPEHHUS 3JIEKTPUUYECKOIT aK-
TUBHOCTU KJIE€TOK. MUKDO3JIEKTPO/bI UMEIOT O4YE€Hb TOHKHUII KOHELl U MOTYT W3-
rOTaBJMBATbCS U3 IUIIETOK U3 TPaBJEHOTO MeTaLla MM CTEKIa, 3aMOJTHEHHbIX
3JIEKTPONPOBOJAIIMMU PaCTBOPAMHU.

MuHHaTIOPHBI NOCTCHHANTHYECKHUI MOTeHIMaI. 3MeHeHNe oTeHMa 1A
NOCTCHHANTUYECKOH MeMOpaHbl, BbI3BAHHOE HEipOMeIUaTOpaMH, BblIEJIEHHbI-
MM M3 OJJTHOTO CHHANITUYECKOTO ITy3bIPbKa.
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Murtoxonapusa. OpraHeiia, OTBETCTBEHHasl 32 KIETOYHOeE JbIxaHue. Muro-
XOHJIpUSl TEHEPUPYET aJAE€HO3UHTpUdOCGAT, UCIOJIb3ysd SHEPTHUIO, TIOJYyYEHHYIO
IIPY OKHUCJIEHUU [TUTATEIbHbIX BEIECTB.

MoaucdunupopanHas MbIib. MbIllb, POJHO T€H KOTOPOI 3aMEHEH MOJU-
GULMPOBAHHBIM TPAHCTE€HOM.

Monynanus. TepMUH, UCTIONB3YEMBI Ul OTIMCAHUA AEHCTBUI Heiipomeau-
aTOPOB, KOTOPbI€ HE BbI3bIBAIOT MOCTCUHANITUYECKUE MTOTEHIHAIDI, A JIUIIb MO-
AUGUIMPYIOT KJIETOYHYIO PEaKLMIO Ha BO30OYXAalolKe MOCTCUHANTUYECKUE 110~
TEHUHUAIbl U TOPMO3HbIE MMOCTCUHANITUYECKUE TIOTEHIMANbI, CT€HEPUPOBAHHbIE
JAPYTUMH CUHATICAMM.

Moar. YacTb 1eHTpanibHON HEPBHOM CCTEMBI, YTO COAEPKUTCA B UEPEHOM
MIOJIOCTU Y COCTOMUT U3 MNOJIYIIAPHIA, MO3)€4Ka, CTBOJIA MO3Td U CETYATOK.

Mosrosnie 0Gonoukn. Tpu 060J04KY, HNOKPbIBAIOIUE MOBEPXHOCTb LIEHT-
PabHOI HEPBHOM CUCTEMBI: TBEPAAs, MAYTUHHAS U MATKAs MO3TOBasi 060JI0UKa.

Mo3xxedok. CTpyKTypa, MPOUCXOASANIass U3 POMOOBUAHOIO MO3ra, KOTopas
KPEMUTCA K MOCTY U CTBOJIy MO3Ta; BaXXHBII IEHTP YIIPaBJIEHUS IBUXEHUAMHU.

Mos3onucTtoe Teno. bosbmas koMuccypa Mo3ra, cocTosimas U3 akCOHOB, CO-
€IUHAIOIIUX JBa [TOJyIIapUs MO3ra.

Moct. HacTh poCcTpanbHOTO 3aJAHETO MO3ra, PacloJIOXKEHHAs Mepes MO3Keu-
KOM U YETBEPTDIM XKETYJOUKOM.

MoToHelipon (aBuraTenbHbIN HelipoH). Heilipon, xoropslit obpa3yer cu-
HAIIChI C MBIIIE€YHBIMU KIETKAMU U BbI3bIBAET MbILIEYHbIE COKPAIIEHU.

MysbrunonspHelii HeiipoH. Heiipon ¢ Tpems wim 6osiee HelipUTaMu.

Myckapunosbiii AX-peuenTtop. [ToaBn aneTUIXOJIMHOBOIO PELIENTOPA, CO-
NpsiKeHHbII ¢ G-6esIKoM.

Msrkas Mo3roBas 060s109ka. BHyTpeHHAS U3 Tpex 060JOYEK, MOKPbIBAIO-
IIUX TOBEPXHOCTDb LIEHTPAJIbHOI HEPBHOM CUCTEMBI.

Hanpsixenue. Cuia, BO3AEHCTBYIOIASA HA 3JIEKTPUYECKU 3aPAXKEHHYIO YaCTH-
11y, Ipe/icTaBJjisseMasi CUMBOJIOM V U u3MepsieMas B BosibTax (B); Takxxe umenyercs
3JIEKTPUYECKUM MOTEHLMAIOM UJIM PA3HOCTHIO NOTEHINAIOB,

Harpuii-kauesbiii Hacoc. IOHHBIIT HACOC, KOTOPbIH BBIBOAUT U3 K1€TKU Na*
Y 3aKauuBaeT B Hee K*, MCNO/Ib3ys B KaueCTBE UCTOYHUKA S3HEPIUM aI€HO3UHTPU-
docdar.

Heiipur. Tonxuii UWIMHAPUYECKUH OTPOCTOK, OTXOAAIIUII OT TeJla HEHPOHa;
HEHPUTAMMU SABJIAIOTCA aKCOHbI U AEHAPUTBL

HejipomeauaTop. XMMHUYECKOE BELIECTBO, BbIAEIAEMOE IIPECUHANITUYECKUM
3JIEMEHTOM IIPU CTUMYJIALMH, KOTOPO€E aKTUBUPYET MOCTCUHATITUYECKUE PeLel-
TOpBI.

HelipoMbimedHnoe coeguHeHne (cMHanNC). XMMHUYECKUI CMHATIC MEXY aKCo-
HOM MOTOHEIPOHA CIIMHHOTO MO3ra Y BOJIOKHOM CK€JIETHOM MBIIIIIbI.
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Heiipon. KiieTka HEPBHOI CHCTEMBI, OTBEYaOIas 32 06paboTKy MH(pOpMaLH;
VHa4e UMEHYETCS NepsHotl KiemKoli. BONBIMMHCTBO HEIPOHOB MCIIOJIb3YIOT MOTEH-
LMaIbI I€CTBUSA, YTOGBI OTIPABJIATH CUTHAIbI Ha GOJIbIIOE PACCTOSTHUE, U BCE Heji-
POHBI CBA3LIBAIOTCA APYT C APYTOM IIPH MOMOIIBIO CHHAIITUYECKOI NIEpeaayMm.

Heiiponnas noxrpuna. [IpUHIUI, KOTOPbIH IACUT, YTO HEMPOH ABJIAETCA
OCHOBHOI CI)YHKLIPIOHaJIbHOf/'I €IMHULIEN HEPBHOI CUCTEMbBI U HEHPOHDI CBA3bIBA-
I0TCS IPYT C IPYrOM KOHTAKTaMH, 2 HE HETIPEPBIBHO.

Heiiponnpnii rpe6enn. IlpumuTuBHasg sMGpHOHaIbHAas Nepudepudeckas
HEpBHas CHCTEMa, COCTOAIAA U3 HEPBHOH 3KTOAEPMbI, KOTOpas OTAEJIAETCA Ja-
TepaIbHO 110 Mepe OPMUPOBAHUSA HEPBHOI TPYOKMU.

Heiipocgapmakosorus. Msyuenue BIusHUSA JIEKAPCTBEHHbIX NPENapaToB Ha
TKaHU HEPBHOM CUCTEMBI.

HeiipogumramenT. Tull NpOMEXyTOYHBIX BOJIOKOH HEHPOHOB, HMEIOIUX
10 M B AUaMeTpE; BaXKHBIN KOMIIOHEHT IIUTOCKEJIETA HEHPOHOB.

Heiipynsanusa. O6pa3oBaHuie HepBHOIT TPyOKM U3 HEPBHOI 5K TOAEPMbI BO Bpe-
Ms1 5MOPUOHAILHOTO Pa3BUTHS.

Heps. ITyuok akcOHOB B nepudepUueCKOii HEPBHOI CHCTEME.

HepBHaas Tpy6ka. [IpyMuTHBHAA 3SMOpUOHATIbHAS IIEHTPAIbHAS HEPBHASA CHU-
CTeMa, COCTOAAsA U3 HEPBHOI 3KTOAEPMbI B BUJIE€ TPYOKH.

HuxorunoBblit AX-penentop. Kiacc aneTHIxoJrH-3aBUCUMbIX HOHHBIX Ka-
HaJIOB, PACIIOJIOKEHHbIX B Pa3/IMYHbIX MECTAaX, B OCOOEHHOCTH B HeHpOMbIlIeY-
HbIX CMHAIICaX.

HMJTA-penenTop. IToasua penienTopoB rllyTaMaTa; IyTaMaT-3a BUCUMbIii HOH-
HbIi1 KaHa1, NpoHuLaeMslit 1 Na*, K*, u Ca?". [[BmkeHre MOHOB B KJIETKY Yepe3
N-meTun-D-acrapTaTHbI pelienTop 3aBUCUT OT HAMPSXEHUS MEMOPaHbI, IOTOMY
YTO B HEAKTUBHOM COCTOSIHUM OH GJIOKHMPOBaH MOHOM MarHusL.

HoBgas kopa (HeokopTekc). Kopa rosoBHOro Mo3ra, coctosmas u3 mecTy Win
60ee c0eB HEHPOHOB. CBOMCTBEHHA UCKIIOYUTENBHO MIEKOIIUTAIOIIM.

HoxayTHas MbImb. MbIIlIb, Y KOTOPOi1 MHTEPECYIONIUi TeH GJIOKUPYETCs Wn
YAQIAETCSA C IOMOUIbIO TEHHOM MHXKEHEPUHU.

Hopanpenanun (HA). KaTexonaMuHOBBII HEipOMeAUATOP, CUHTE3UPYEMBbIIT
13 10¢aMHUHA; MHaY€ UMEHYETCS HOP3MUHEDPUHOM.

Hopaapensprudeckmii. B oTHOIEHNY HEPOHOB UM CUHATICOB, BbIpaGaThl-
BAIOIUX WK BbIAESIOMUX HOPaJpPEHAINH.

OGonsaTenbHas kopa. O61acTh KOPBI TOJIOBHOTO MO3ra, CBS3aHHas K OGOHS-
TeJIbHOI JIYKOBUIIEH U OT/ieJIeHHasi OT HOBOMH KOPbl pUHAIbHOI 6G0PO3/0ii.

OGounsaTenbHas gykosuna. CTPYKTypa Mo3ra B (popMe JIYKOBHIIbI, KOTOpas
IIPOUCXOAUT OT KOHEYHOTO MO3ra U MOJIyYaeT BXOAHYIO MH(GOPMAIMIO OT peLer-
TOPOB YYBCTBUTEIbHBIX HEHPOHOB.

OgepuyT. YacTb noTeHnMaNa A€iCTBUSA, KOTa MOTEHIIMA MEMOPAHbI IPEBbI-
maeT O MB.
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Omuroxenapouut. KieTtka mmu, koTopas o6pasyeT MUEJHH B LIEHTPAIbLHOM
HEPBHOH CUCTEME.

Onroreneruxa. MeToz, N03BOJIAIOIUI KOHTPOJMPOBATh aKTUBHOCTh HEpO-
HOB M COCTOSIIMI BO BHEJPEHUN MHOPOAHBIX T€HOB B HEHPOHbI, KOTOpbIE 3KC-
IPeCCUpPYIOT MeMOpaHHble KaHaJIbl, OTKPbIBAIONIMECS 10/ BO3/JEIICTBUEM CBETa.

Opranesura. MeMGpaHHast CTPYKTYpa BHYTPH KIETKH; HallpUMep, AP0, MUTO-
XOH/IpH S, SHOTIa3MaTHYECKHIT PETHKYJIYM M KOMILIeKC [obmkm.

OcHoBaHMe KOHeYHOro Mo3ra. 30Ha KOHEUHOTrO MO3ra, pPacloJIOXKEHHas B
TIyOMHE TOJTyapUii MO3Ta.

OTHocuTeNbHBIH pedpaKkTepHBIN NEPHOJ (II€PHOJ OTHOCHTENbHOU ped-
pakTepHocTH). [lepuoJ BpeMeHHU, HACTYNAIOWMIA MOCIE AENOIAPU3ALMN MEM-
6paHbl, BO BpeMsl KOTOPOTO VIl JOCTHIKEHUs Iopora BO30YAUMOCTH TpebyeTcs
60JIbIINIT JENOIAPU3UPYIOMIUIA 3aPs, YEM OOLIUHO.

ITayrunHas Mo3roBas 06oouka. OfHa U3 TPEX MO3roBbIX 060J0YEK, HAXO-
AAMAACA MEXY AByMS ADYTHMMU — MATKOi1 (BHyTpeHHelt) ¥ TBepAoii (BHeLIHelt).

Ilentuanas cBsa3b. KoBateHTHaA CBA3b MEXAY aMUHOTPYIIION OAHOM aMUHO-
KHCJIOTBI U KapGOKCHJIbHOI FPYIIIOit APYTOit aMUHOKHCIOTBI.

IlenTnaspriuyeckuii. B oTHOIEHNH HEIPOHOB MJIM CHHAIICOB, BbIpA6GaTHIBAIO-
IUX WJIM BBIAEJISIONIMX IIENITHAHbIE HEHPOMEHATOPBL.

IlepBu4nbIii ceHCOPHBII HelipoH. HeitpoHn, KOoTOpbIil cienuatu3upyeTcs Ha
onpeJieIEHUY CUTHAJIOB U3 BHEUIHEI CPEJbl U PACIIOJIOXKEH HAa YYBCTBUTEBHbBIX
MIOBEPXHOCTSX TeJa.

Ilepeannii Kopemok. ITyuok akCOHOB ABUraTeIbHBIX HEHPOHOB, BHIXOAALIMX
U3 nepefiHell YaCcTU CIHMHHOTO MO3ra U OObEAUHSIONIMXCSA C YYBCTBUTEILHBIMU
KOpeIIKaMu; 06pa3yeT TeM CaMbIM CTIMHHOMO3rOBOIf HepB. AKCOHBI IePEeHUX KO-
PELIKOB HeCYT MHGOPMALIMIO OT CIIMHHOTrO Mo3ra. Cum. maxoce 3aJHUI KOpELIOK.

Ilepeannit Mo3r. O6acTb MO3ra, MPOUCXOASANIAsA U3 IEPBUYHOTO POCTPAIb-
HOT'0 3MOPHOHAILHOTO MO3TOBOTO My3bIps. K nepesHeMy Mo3ry 0OTHOCATCS KOHeEY-
HBII MO3I' U IPOMEXYTOYHBII MO3T.

Ilepeannii por. Ilepeansas 061acTh CIMHHOTO MO3ra, KOTOPAsi COAEPXKUT TeJja
HEMPOHOB.

ITepenuuii. AHATOMMYECKOE HAIIPABJIEHHE, YKa3bIBalollee B CTOPOHY JIUIA.

ITepenocunk. MeMGpaHHbIit 6€JI0K, KOTOPBI IEPEHOCUT MOJIEKYJIbI HeHpo-
MEeJNaTOPOB UJIM UX MpEALIeCTBEHHUKOB Yepe3 MeMGPaHy U KOHLEHTPUPYET UX
160 B MPECUHANTUYECKOM LIUTO30J1€, TMOO B CHHAIITUYECKUX Iy3bIpbKAX.

ITepexsaT PanBbe. [IpocTpaHcTBO MeXIy AByMsl COCETHMMH MMEJIMHOBBIMU
060JI04KaMH, B KOTOPOM aKCOH KOHTAKTUPYET C BHEKJIETOYHOM KU IKOCTHIO.

Ilepuxapuosn. LlenTpanbHas 06JacTh KJIETKH, COAepxKalas aapo. Takxe ume-
HYETCS MeA0M KAeMKU WU COMOTL.

Ilepudepuueckas HepBHasa cucrema (ITHC). DneMeHTh HEPBHOII CHCTe-
MBI, KOTOpbI€ HE OTHOCATCS K TOJJOBHOMY MM ciiuHHOMY Mo3ry. ITHC Bxmouaet
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CNUHAIbHbIE FaHIIMK U HePBbI, [II-XII uepernHblie HEPBbI M1 aBTOHOMHYIO HEPBHYIO
cucremy. CM. Takxe Llenmparvnan nepenas cucmema.

IInpamupanbHas x1erka. Heitpon, xapakTepuayeMblit nupaMuaHoi ¢popMoii
Y YIUIMHEHHBIM AE€HAPUTHBIM J€PEBOM; PACIIOIOXEH B KOPE MO3Ta.

IMoasux peuentopa. Oa1H U3 HECKOJILKUX BUJAOB PELIENITOPOB, C KOTOPbIMU
CIoco6eH CBA3bIBATbCSA HEIPOMEeANATOP.

ITokpemuka cpeaHero Mo3ra. JacTb cpeJJHEro Mo3ra, pacroJioXXeHHas nepes
BOJIOTIPOBO/IOM CPE€JHETO MO3ra.

HOJIP[IICIITP[I(. I_ICH]) AMHWHOKHCJIOT, COEAMHEHHBIX IIENITUIAHBIMU CBA3SIMU.

ITosmpuGocoma. [pynmna U3 HECKOJIBKUX aMUHOKHUCJIOT, CBOOOAHO IIABAIOIIX
B LIUTOILIa3Me.

IToxymapus mo3ra. /IBe 60k0OBbI€ 4YaCTH FOJJOBHOTO MO3Ta, IPOU30IIe LITe U3
MapHbIX IMy3bIpeil KOHEYHOTO MO3ra.

ITopor. YpoBeHb Aenonspu3aluu, JOCTaTOYHbIN A1 BOSHUKHOBEHUS TIOTEH-
LMaia AeCTBUA.

IMocrcunanTrueckuii norenuan (IICIT). 3aMeHeHNe NOTeHIIMAIA IIOCTCHU-
HANTUYECKO MeMOpaHbl NPECUHANTUYECKUM BO3JEICTBUEM 3JIEKTPUYECKOTO
CUHarIca Wi HeifpoMeIMaTOPOM, Bble/IsieMbIM B CHHAIIC.

ITocTcunanTuyeckoe yminoTHeHue. JluddepeHuuanus NOCTCUHANTHYE-
CKOIf MEMOPaHbI; AABJISAETCA MECTOM PaCIIOJIOXKEHUS PellelITOPOB K HelipoMeau-
aTopam.

IMorenuman apeiicrBus. KpaTkoBpeMeHHOe Kojie6aHUE MOTEHIMata MeMG-
paHbl, BbI3BAHHOE 6bICprIM OTKPBITHEM W 3aKPbITHEM IOTEHIHAJI-3aBUCHMbIX
MOHHBIX KaHAJIOB; TaK)X€ M3BECTEH KaK CIaifk, HEPBHbIII MMINYJIbC WM Pa3psj.
IMoTenuuan AeiicTBUA pacpOCTPaHAETCSA 110 aKCOHY IIOAOGHO BOJIHE, NlepeiaBast
MH()OPMAIMIO U3 OJHOTO MECTa HEPBHOII CUCTEMBI B IPYroe.

IToTeHuuan-3aBUCHMBIf KaiueBbId KaHal. MeMOpaHHbIT Gesok, o6Gpasylo-
Wit Iopy, MpoHUIaeMylo A1 K* 1 3aBUCAILYIO OT AENOIAPU3ALY MEMOPaHbL.

IToTeHIMaN-3aBUCHMBIIl KaIbIMeBbIil KaHa1. MeMOpaHHblit 6e10K, 06pa3y-
IoLIMIt TOpy, NpoHKMIaeMyio 1t Ca?* ¥ 3aBUCSANIYIO OT AENONAPU3ALMU MEMOPAHBL.

IToTeHUAaI-3aBUCUMBIi HATPHEBBII KaHa1. MeMOpaHHbIit 6eJI0K, 06pasylo-
Ui opy, MPOHHUIaeMyIO JUist Na* ¥ 3aBUCAILYIO OT JEMOASPU3alluU MEMOPaHBI.

IIpunnun Jeivna. Kaxplit HeitpoH npeacTaBsieT co60ii eAUHYI0O MeTaGoJIu-
YECKyIO CUCTEMY U, CJIefIoBATEIbHO, BO BCEX €70 MPECUHANTUYECKUX OKOHUYAHUAX
JIOJXEH BbICBOOOXKAAThCSA OAUH U TOT Xe HelipoMeauaTop.

IIpoxosrosaTelit Mo3r. YacTb 3aJHETO MO3ra, PaclOJOKEHHas AUCTaIbHEE
MOCTa ¥ MO3)X€UKa.

ITpomerxyTOo4YHBIN# MO3r. 30Ha CTBOJIA MO3Ta, TPOUCXOAAIAS OT IEepeAHEro
moara. K cTpykTypaM npoMeskyTOYHOT0 MO3ra OTHOCATCS TalaMyC ¥ TMIIOTaIaMYC.

IIpomorop. ®parment JJHK, xotopslit casbiBaeTca B PHK-nosumepa3soit u
3aITycKaeT TPAHCKPUIILUIO IeHa.
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IIpocTpancTBeHHass cymmanus. OObeJuHeHHE BO30YXJAIOIMX IOCTCH-
HANTUYECKUX MOTEHIMAIOB, BOHUKAIOMMUX B 60Jiee YeM OJJHOM CHHAIICE Ha OJ-
HoIt kJleTke. Cm. maxoce BpeMeHHas cymmanus.

IIporemnkunasa A (ITKA). [IpoTenHknHa3a, akTUBUpYyeMas MOJIEKYJION BTO-
puyHOro nocpeanuka tAM®.

IIporennxkunasa C (ITKC). [IpoTennknHasa, akTUBUpyeMasi MOJIEKYJIOI BTO-
puyHoro nocpeaxuka JAT

IIporeunknHa3za. ®PepmeHT, KOTOpBIH (HOCHOPUIMPYET OENKH, MEHAA HX
TPeXMEPHYIO CTPYKTYPHYIO (pOpMy U aKTUBHOCTb.

IIporenndocgaraza. PepMeHT, KOTOpPBI yaanseT u3 6eakoB docdaTHbie
TpyMIbL.

ITyspipex ¢ WIOTHBIM HieHTPOM. Cu. makice CekpeTopHas rpaHyJia.

ITy4ok. COBOKYITHOCTh HEPOHOB, YTO NPOXOJAT BMECTE, HO HEOOA3aTEIbHO
MMeEIOT OJIMHAKOBbIE MECTA HaYajla ¥ OKOHYAHUS.

Ilarno. He6obinas, 4yeTKO orpaHMYEeHHAs IPYIIIa KJIETOK.

Perporpagnblii nocpegHuk. XUMHYECKUI NOCPEJHUK, KOTOPbIl nepeAaeT
MH(OPMAIUIO C MOCTCUHANITUYECKO CTOPOHbI CHHAICA Ha NMPECUHANITUYECKYIO
CTOPOHY.

Perporpaanblii TpaHcopT. IlepeMelieHre BEMECTB OT TEPMUHAIM aKCOHa
JI0 TeJIa HEMPOHa.

Peuenrop, conpsixeHHsii ¢ G-6exoM. MeMOpaHHbIit 6€JI0K, KOTOPbII IIpU
CBSI3BIBAHUU C HEPOMEAMATOPaMU aKTUBUpYeT G-GeJku.

Penenrop. (1) Oco6blit 6e/10K, KOTOPbIi ONpefe/seT HAIMYMe XUMHUYECKUX
CUTHAIOB, TAKUX KaK He{pOMEAMATOPbI, Y 3allycKaeT KJIETOYHYIO PEaKLUIO Ha
HUX. (2) Oco6as KreTka, KOTopast GUKCUPYeT CTUMYJIbI B OKpYXalolleil cpesie U
reHepUpYyeT HEMPOHHBI OTKJIMK Ha HUX.

Pu6ocoma. KiieTounas opranesuia, KoTopasi COOMpaeT HOBble G€JIKU U3 aMU-
HOKMCJIOT COTJIACHO MHCTpyKiusam u3 uPHK.

PocTpanbHblii. AHaTOMMuYECKOE HalpaBJ€HHE, OTHOCAIlEeeCs K CTOPOHE
HoCa.

CarurTanbHas IIOCKOCTh. AHATOMUYECKASA TIOCKOCTD, Napajlie/IbHas Cpel-
Helt CarUTTaIbHOI MJIOCKOCTH.

CanbraTopHoe npoBeaeHue. Bua pacnpocTpaHeHus noTeHUUaN a AeHCTBUA,
Py KOTOPOM MHUEJIMHOBas O0O0JIOYKA, 3aCTaBJsfAs JEKTPUUECKUIl TOK INepeja-
BAaTbCS OT [l€PEXBATa K epeXBaTy, 06eCIeYNBAET BbICOKYIO CKOPOCTDb [TPOBE/ACHUS
MMOTEHLWAIA JEACTBUS.

CexpeTtopHasn rpanyaa. Chepuueckuii nmyspipek AuaMmeTpoM okosio 100 HuM,
OKPYXEHHbIII MeMOPaHOI U COAEpXalMii PaCTBOPUMBII GeJIOK, NMpeJHa3Ha-
YEHHBII JUI CEKPeIUU IyTeM 3K301IMTO32; 6€JI0K BBIIIAAUT TEMHbBIM IIPU 3JIEK-
TPOHHOI MUKPOCKOIIM U, OTCIOZIa APYroe Ha3BaHHE CEKPETOPHOI rpaHyJIbl — Iy-
3bIPEK C MIJIOTHBIM LIEHTPOM.
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Cepoe BemecTBO. OGLIMIT TEPMUH Ul ONIMCAHUS CKOILIEHUS TeJ HEMPOHOB
B IIEHTPAIbHOI HEPBHOI CLICTEME; IIPU Pa3pe3e CBEXEr0 MO3ra HEMPOHbI UMEIOT
cepoBaTblii LBeT. Cm. maxace beyoe BemecTso.

Cepotonun (5-I'T). AMUHOBBII1 HeifpOMeNaTOP, 5-THAPOKCUTPUITAMHUH.

CepoTonunaprudeckuii. KacaeTcs Hei{pOHOB WM CHHAIICOB, KOTOPbIE BbIpa-
6aTbIBAIOT UJIM BbIAEJIAIOT CEPOTOHUH.

Cunanc. 30Ha KOHTaKTa, B KOTOPOIt HEIIPOH NepeaaeT UHGOPMaLUIO APYroii
KJIETKE.

CunanTuuecKass mHTerpanmsa. Ilponecc, Bo BpeMsi KOTOPOrO MHOXECTBEH-
Hpie BIICIT u TTICIT koMOMHMPYIOTCS B OJHOM MMOCTCUHANITUYECKOM HEHPOHE, B
HEKOTOPBIX CJIy4asaX 3aIlycKas OJMH WJIU HECKOJIbKO MOTEHIUaIOB AEHCTBHUA.

Cunantnyeckas nepejada. Ilpouecc nepeaaun uHgopManyu oT OJHOI KIET-
KU K JIpYroii oCcpeACTBOM CHHAIICA.

CunanTuveckas mesb. [IpocTpaHCcTBO, pasaesndaioniee NPeCUHANTUYECKYIO U
NOCTCUHANTUYECKYIO MEMGPaHbI HEHPOHOB.

CunanTudeckmii myseipek. OkpyXeHHass MeMOpaHOil CTPYKTypa AUaMeTPOM
okoJio 50 HM, cofepxalas HeifpoMeAuaTOP U PACIIOJOKEHHAs B MECTE CUHAIITH-
YECKOTO KOHTAKTa.

Cunres 6enka. IIponecc c60pku MoJieKybl GeJKa B IIUTOIIA3Me KIETKH CO-
IJIACHO MHCTPYKLHUSIM, 3I0)KEHHBIM B F€HaXx.

CnenmoBas rumepnojisipusanus. Iuneprnoaspusanus, HacTy[AOU@A [1OCTE
CWIbHOI Jenonsapusanyy MeMOpaHbl; nociefHsas (asa NoTeHnUaIa AeiCcTBUA,
TaK)Xe Ha3blBaeMas IOJIOXKUTETbHBIM aHJEPUIYTOM.

Coma. llenTpanbHas 06,1aCTh HEMPOHa, cojepxalas AAPO; TaKxKe Ha3bIBAETCS
TeJIOM KJIETKU WU NT€PUKAPHOHOM.

Comarngeckas ITHC. YacTts nepudepryeckoil HEPBHOM CUCTEMBI, KOTOpast
WHHEPBHUPYET KOXY, CYCTaBbl U CKEJIETHBIE MBIIIIIBI.

Chnaiik-MHHIMHPYomas 30Ha. O61acTh Ha 060J04Ke HEMPOHA, Ilie OGBIYHO
reHepHUpyeTcs MOTEHIUAN AeHCTBUSA, XapaKTepu3yeMasi BbICOKOI IJIOTHOCTBIO
NOTEHIMAI-32aBUCUMbIX HATPUEBbIX KAHAIOB.

CnMHHOI MO3I. DJIEMEHT LIEHTPAIbHOI HEPBHOI CUCTEMBI, PACIIOJIOXEHHbII
B [TIO3BOHOYHHMKE.

CnnaHoMoO3roBas xuakoctb (CMJK). B neHTpaibHOII HEPBHOH cHCTeMe
XMJKOCTb, BbIPAGaThIBAEMasi XOPOUIHOI (COCYAUCTOM) 060JIOUKOI U 3aTIOIHSIO-
Iast JKEJIYOYKOBYIO CICTEMY MO3ra M IOATIAYTHHHOE IIPOCTPAHCTBO.

CnimHHOMoO3roBo# raHrymii. Cobpanne HeitpoHos ITHC; cnmanoMosrosoii
FaHIIMIt COAEPHKUT TeJla YyBCTBUTEIbHbIX HEHPOHOB, aKCOHbI KOTOPbIX POHUKA-
IOT B CIIMHHOM MO3T Yepe3 3a/JHUE KOPEIIKH.

CounHoMO3roBoii HepB. Heps, KOTOPBII OTXOAMT OT CIIMHHOTO MO3Ta U HH-
HEPBUPYET TeJIO.
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Conaiicmar PHK. Ilponecc, B KOTOPOM YA@IAIOTCA WHTPOHBI, ()PATMEHTHI
nepsuyHoro tpaHckpunta PHK, He xoaupymomue 6eok.

Cpenunnas iuans. Hesuanmas mMHus, KOTOpas yCIOBHO Pa3JieIS€ET HEPBHYIO
CHCTEMY Ha TIPaBYIO U JIEBYIO TIOJIOBHHY.

Cpeannii Mo3r. O6y1acTb MO3ra, MPOU3OLIEJUIAS U3 CPEJHETO NEPBUYHOTO
3MOPHOHAILHOTO MO3TrOBOTO ITy3bIPS; K €r0 CTPYKTYPaM OTHOCATCA KpbIlIa MO3ra
U MMOKPbIIIKA CPEAHErO MO3ra.

Crapus, TMMUTHPYIOIAsA CKOPOCTh. B cepun XMMHUYECKUX PEAKIUIA, TPUBO-
JAIMX K 00Pa30BaHUIO XMMUUYECKOTO BEIECTBA, OJUH LIAT, KOTOPbI OrpaHUYU-
BaeT CKOPOCTb CUHTE3a.

CrtBos Mo3ra. CpeiHMIT MO3T, IPOMEXXYTOUHbII MO3T, MOCT U MPOAOJIrOBAaTHIH
mo3r. (HexoTopble aHaTOMBI HE OTHOCAT CIO/la IPOMEXXYTOUHbIIT MO3T. )

Cy6crannus. [pynna cBA3aHHBIX HEIPOHOB Ie-TO B IyOHHE MO3ra, OObIUYHO C
MEHEe€e YETKUMU KpPasAMH, YeM fAJpa.

Cymmarus BIICII. IIpocTas ¢gopma CMHaNTH4€ECKOI MHTErpalyu, KOraa Bo3-
Gy AalolMe MOCTCUHANTUYECKUE IIOTEHI[UIbl KOMOMHUPYIOTCS, BbI3bIBas 60ee
CHJIbHYIO TOCTCUHANITUYECKYIO JETIOIAPU3ALIUIO.

Tanamyc. 3agHAs 4aCTh IPOMEKYTOYHOT'O MO3ra, UMEIOIAs OOUIMPHbIE CBA3U
C HOBOI1 KOPOI1 MO3ra.

Teepaasa Mo3rosas 0601049ka. HapysxHas u3 Tpex 060104€K, MOKpbIBAIOMUX
asnemeHThl ITHC.

Teso xirerku. llenTpanbHas 061acTh HEMPOHaA, COAepKalias AAPO; MHaYe UMe-
HYEMOE COMOI WJIM TIEPUKAPHUOHOM.

Temennas gos. O61acTh MO3ra, PacroJIOX€EHHa M0J TEMEHHOI KOCTHIO.

TepmMunans akcona. KoHeuHast 30Ha akcoHa.

TepmunanbHas Giasimka. KoHeunas 30Ha akcOHa, OOGBIYHO SBJISAETCA MECTOM
CHHAITUYECKOTO KOHTAKTA C APYrOil KIETKOH; NHAY€E UMEHYEMA MepMUHALIO QK-
cona.

TepmunanbHas KpoHna. PaspeTBieHHs OKOHUAHWS TEPMUHAIN aKCOHA B OZ:
HOM 30H€ HEPBHOM CHCTEMBL.

TerpomoroxcuH. ToKCHH, OCTaHaBJIMBAOLIMIT NpoxoxacHUe Na' dyepes Io-
TE€HIHUAI-3aBUCHMbI€ HATPHEBBIE KaHalbl, TEM CaMbIM 6}IOKI/IpyH IMOTEHIIUAJIbI
NEUCTBUA.

TopMoaHoii mocrcmHanTudecknii norenuuan (TIICII). Miamenenue nores-
I[Ma1a MOCTCUHANTUYECKOH MEMOpaHbl BCJIEACTBUE JEHCTBUS CHUHANTUYECKUX
HEIPOMEANAaTOPOB, KOTOPOE CHUXAET BO3MOXXHOCTb IIOCTCMHANITUYECKOrO HEM-
PpOHa reHepUpPOBaTh MOTEHLUAI JCICTBUA.

TpakT. [pynma akcOHOB LEHTPaIbHOI HEPBHOI CHCTEMBI, UMeIOWasA obliee
MEeCTO Hayala M OOIIMIA TyHKT Ha3HAYEHUS.

TpancrenHas MpIlb. MbIllib, KOTOPOI BHEAPSAIOTCS U 3KCIIPECCUPYIOTCS CTO-
POHHHE I'€HbI; TAKHE€ HOBbIE€ I'€HbI HA3bIBAIOT mpauceeua./uu.
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Tpanckpunumsa. IIpouecc cunresa mosexyast ”PHK cornacno uncTpykuusam,
3akoauposanHbiM B JIHK.

Tpancasaus. IIponecc cuHTE3a MOJIEKY bl GeJIka COTJIACHO MHCTPYKLIUAM, TTe-
peHocuMbIM MoJiekyoit uPHK.

Tpernii xenygouex. I1o10CcTh B IPOMEXYTOUHOM MO3T€, 3aMIOJHEHHAS CITUH-
HOMO3TOBOH XUAKOCTbIO.

Yaunonspherii Hefipon. HeitpoH ¢ oHNM-e IMHCTBEHHBIM HEHPUTOM.

VYpaBuenne Ionbamana. MaTeMaTHueckoe ypaBHEHHE, TO3BOJISIONIEE Mpe-
CKa3aTb NOTEHIMAT MeMOPaHbl, NCXO/S U3 KOHLIEHTPALX HOHOB U IIPOHULIAEMO-
CTH K HUM MEMOPaHbI.

YpaBuenne HepHcra. MaTeMaTHueckoe COOTHOLIEHME, MCINOJb3yeMOE IS
BbIYMCJIEHUS] pABHOBECHOTO MOHHOTO IIOTEHIIUaJIa.

®Pa3za mapacrannsa (Bocxoasmas). Ileppas yacTb noTeHnuasa ACHCTBUSA, 4YTO
XapaKTepU3yeTcsl GbICTPOIi AEMoNApU3aLyeii MeMOPaHbI.

®a3za cmaga (mucxoxsamas). YacTb NoTeHnHaIa AEHCTBUSA, YTO XapaKTEPU3Y-
€TCs1 GBICTPBIM CIIAZIOM MEMGPAHHOTO MOTEHIMAIA OT MOJIOXKHUTENBHOTO 0 OTPH-
L[aTeJIbHOTO.

®PakTop TpaHckpunuum. beyok, koTopslit peryaupyer cBasbiBanue PHK-no-
JIMMepa3bl C IPOMOTOPOM IeHa.

Puxcanusi MeMOPaHHOTO MOTEHIMATA. METOA, KOTOPbIil NO3BOJIAET HCCIIE-
JoBaTeO 3a(pUKCUPOBaTh MEMOPAHHBIIT MOTEHLMAT HAa OTPe3Ke MEMOPAHBI, TOKa
U3MepsETCS TOK Yepe3 NOHHbIE KaHAJIbL.

®Pochonunasa C (PJIC). [Ipeobpasyer MeMm6panHblit pocdoaunua pochoTu-
JAMIMHO3UTON-4,5-1udocdaT B MOJIEKYJIbI BTOPUUYHBIX OCPEAHUKOB AUALMITIU-
uepoa (JIAI') u unosutontpudocdara (UP,).

®Pochommuanprii 6ucaoit. OcHoBa MeMGpaHbl HelipoHa; obpa3yeT Gapbep
JU1s1 BOZIOPACTBOPHUMBIX MOHOB.

®Pochopmwmmposanne. buoxummnueckas peakuus, B Xoie KOTOpoii docdar-
Has rpymna (PO,*) nepenocuTcs ¢ MoJexybl aneHosunTpudocdara (ATP) Ha
apyryio Mouekyny. PocdopuiposaHrue 6eJKOB NPOTEUMHKHMHA3aMH MEHSIET UX
GHOJIOTMYECKYIO AKTUBHOCTbD.

Xumudeckmii cunanc. CHUHAIC, B KOTOPOM NPECUHANTHYECKass aKTUBHOCTD
CTUMYJIMPYET BblJEJI€HNE HEeMpOMEeANaTOPa, aKTHBUPYIOLIETO PELENTOPbI MOCT-
CUHANTUYECKOH MEMOPAHBIL.

XoauH3prudeckuii. B oTHOIEHNH HEPOHOB U CUHAIICOB, BbIPaGaThIBAIOIUX
Y BBIACJISIOIINX all€THIXOJIHH.

Xpomocoma. CTpykTypa KJIETOYHOrO f/pa, KOTOpasi COJEPKUT OJHY Herpe-
peiBHYIO ciiupanb JJHK.

DAM®. Cu. maxace Llmommaeckuit aieHO3MHMOHOpOCDAT.

HenTparbnasa 6opo3aa. boposza rojoBHoro Mo3ra, pasjessionias JOOHYIO U
TEMEHHYIO JOJIU.
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HenTpanbuas HepsHas cuctema (ITHC). [os10BHOI MO3T (BKIIOYas CETYATKY)
Y COMHHOM MO3T. CuM. maxace [lepudepruueckas HepBHas cucTeMa.

IleHTpanbHBIi KaHaI CIIMHHOrO Mo3ra. [IpocTpaHCTBO BHYTPU CIMHHOTO
MO3ra, 3aM0THEHHOE CIIMHHOMO3TOBO XUIKOCTBIO.

Onxwmaecknii ageHosnaMoHogochar (HAMP). BropruHblil mocpesHHUK,
NoJTy4YaeMblit U3 afleHO3UHTpHUdOocdaTa MPH BO3AEICTBUY aJeHUIAaTHHKIA3bI.

IInToapxutexTypa. B3anMHOe pacroyox)eHUe Tel HEPOHOB B Pa3HbIX OT/E-
JIax MO3ra.

IIuToapxutekTypHas KapTa. OGbIYHO KapTa KOPbl MO3Ta, OCHOBaHHasl Ha pa3-
JIMYUAX IUTOAPXUTEKTYPhl Pa3IMYHBIX 30H.

InTo30b. BoAsHICTas )UAKOCTb BHYTPHU KIETKH.

IMutonnasma. KireTouHoe BelecTBo, KpoMe f/ipa IJIETKH, YAepXKUBaeMoe 060-
JIOYKOI KIETKH U COfiepKallee OpraHe uIbl.

ITurockeser. BHyTpeHHUit kapkac, IPUAAIOLIMIL KIIETKE XapaKTEPHYIO (hOPMY;
COCTOMT U3 MUKpPOTpY60OU€eK, HepO(HIAMEHTOB U MUKPO(HIAMEHTOB.

YepenHnsie HepBhI. /[BEHaAIATh TAP HEPBOB, KOTOPbIE BLIXOJAT 1O 06€ CTO-
POHBI CTBOJIAa MO3Ta M HYMEPYIOTCSl CIiepeid Ha3aj; I uepenHoit HepB ABAsSeTCA
1O CyTHU OGOHATENbHBIM TPAKTOM, a II ABNA€TCA 3pUTENIbHBIM HEPBOM; OHM 002
apasiorcsa anementamu IIHC; III-XII yepernHble HEPBbI NPUHA/JIEXAT K Iiepude-
PHUUYECKOIT HEPBHOI1 CUCTEME U BBITIONHAIOT Pa3TMYHbIE (PYHKIUH.

YeTrsepTsiii xenyxodek. [Tog0CcTh B 33 lHEM MO3re, 3aII0IHEHHAS CTUHHOMO3-
TOBOM XUJKOCTBIO.

IIlepoxoBaTelii 3HAOIIA3MAaTHMYECKHMIl PEeTHKYJIYyM (mrepoxoBaThbiii IP).
Mem6paHHas opraseuia KI€TKM, K BHENIHE 060I04Ke KOTOPOIi MPUKPEILIEHO
601b1II0E KOJTMYECTBO PUGOCOM; MECTO CHHTE3a MEMOpPaHHbIX GEJKOB MM Ger-
KOB, KOTOPbIM IIPEJIHA3HAYEHO GbITh OKPYXEHHBIMU 00G0IOUKOIA.

IIunukosblit Heitpon. HeiipoH ¢ mmnamu Ha AeHApUTAX.

IIysTupylomee TopMoxxeHue. PopmMa CUHANTUYECKOTO TOPMOXKEHUSA, NPU
KOTOPOIi ITABHOI LIEJIBIO ABJIAETCSA CHUXKEHUE CONTPOTUBJIEHUS MEMOPAHBI, TAKUM
06pa3oM cOpachIBaeTCs JAENONAPU3UPYIOIMIt 3aps, CO3/aBaeMblil BO3GYXaalo-
UMM CHHATICAMM.

IITeneBoii KoHTaKT (MIEJIEBOE coemuHeHMe). Ocoboe coeiuHeHue, IPU KOTO-
pom o6Gpa3yeTcs y3kas Wb MEX/Y ABYyMsl KIE€TKaMM, 3allOJTHEHHAS GEJIKOBbIMU
KaHaIaMU (KOHHEKCOHAaMHM), TO3BOJSAIONIMMU HANPSIMYIO IEPEXOAUTh HOHAM U3
OJIHOI KJIETKHU B APYTYIO.

Jk301mTO3. IIpouecc BbleI€HUS BEIECTB U3 BHYTPUKIETOYHBIX I1y3bIPbKOB
BO BHEIUIETOYHOE IPOCTPAHCTBO ITyTEM CIUSHUA OG0JIOUKH My3bIpbKa C KJIETOY-
HOI 000J104KOH. Cm. maxace DHAOLMTOS.

Jkcnpeccus rena. [Ipouecc nepenuceiBaHusa MHPOPMAIUY € TeHa Ha UHGOP-
maiuonHyio PHK; ren ssnserca nocreposatenbnoctoio JJHK, necymeit ungop-
MalMIO O CTPYKTYPE OJHOTrO 6eJKa.
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JneKTpUYeCcKas NPOBOAUMOCTb. OTHOCUTENIbHAS CIIOCOGHOCTD 3JIEKTpUYe-
CKOro 3apsia NEPEXOAUTh U3 ONHOI TOYKH B APYTYIO, NPEACTaBsAEMas CHAMBOJIOM
G u uamepsaemas B CuMeHcax (S). DIEKTPONPOBOAMMOCTD IIPOTUBOIOJNIOXKHA CO-
HPOTHBJIEHHUIO Y CBSI3aHa C CUJIOM TOKAa U HampshkeHHeM 3akoHoM Oma.

AnexTpudeckmii noreHnuan. Cua, NpUIOXKEHHas K 3aPAXKEHHbIM YaCTHUIAM,
NpeACTaBiaseMass CUMBOJIOM V U u3MepsieMas B BosbTax (B); unaue HasbiBaeTcs
PA3HOCTBIO MOTEHIIUAIOB WJIM HANIPSAXEHHEM.

AnexTpudeckuii cuHamnc, CUHAIC, B KOTOPOM 3JIEKTPUUYECKUIT TOK HANPAMYIO
NEPEXOAUT U3 OJHOII KIETKU B APYTYIO Yepe3 lle/IeBble KOHTAKThL

AnexTpudeckuit Tok. HanpapieHHoe aBrxeHUEe 3apsXEHHbIX YACTHUIL TIOA
AEHCTBUEM 3JIEKTPUUYECKOTO IIOJIA.

deKTpHYecKoe conpoTuBiaeHne. OTHOCUTE IbHASA HECIIOCOOHOCTD 3JIEKTPU-
YECKOTO 3apsA/ja NePEXOJAUTb U3 OAHOI TOYKU B APYIylO, IPEACTABsAEMas CUMBO-
soM R u uamepsemas B omax (Om). ConpoTHBJIEHHE TPOTUBOIOJIOKHO 3JIEKTPO-
HMPOBOJHOCTH U CBA3aHO C CHJIO TOKA U HAaINPS>)K€HUEM NTOCPEeACTBOM 3aKoHa OMa.

OHI0KaHHAGHHOUABI (3HAOreHHble KaHHaGMHoOMIbI). Bua perporpaiHbix
MOCPEJHUKOB, CIIOCOGHbIE BbIAEIATCA U3 TOCTCUHANITUYECKUX HEIIPOHOB U BO3-
AefCTBOBATh HA NPECMHANTHYECKHE TEPMUHAIN aKCOHOB.

AuaonmTos. IIponecc, BoO BpeMsa KOTOPOro ¢parMeHT 060JI0UKHU KJIETKU OT-
JEJSeTCs] U OTTPaHUYMBAETCSH, NMPEBPALIAsACh BO BHYTPUIUIETOUHBIN Iy3bIPEK.
CM. TaKXKe 3K30uumo3.

SneHIUMaTbHAA KIETKa (3MeHauMonuT). TUN KJIeTOK NIMHU, BbICTUJIAIOIIMX
MOJIOCTD XKEJTyJOYKOB MO3Ta.

9 depenTHbIii. Yka3blBaeT HaIpaBjJeHUE NEPeJayd MHPOPMALUMM aKCOHA-
MU — om ONPE/IEJIEHHOM TOUKH.

Anpo. (1) KneTounas opranesia cpepuyeckoit GopMmbl, cofepkanias XpoMo-
combl; (2) YeTko orpaHM4eHHas rpyIna HEIPOHOB, OGLIYHO B ITyOMHE MO3ra.
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