V. MPECEJIHUUM - 2. KbM BBbNpoca 3a Npexsbp/isiHe HA Cb3HaHUETO.

V. MNMpecenHnum — 2.

KM Bbnpoca 3a npexBbpisiHe Ha Cb3HaHueTo. [1]

[11 Kopumaptrok 4. U. MNepeceneHubl-2. K Bonpocy o nepecanke CO3HaHUA. //«XUMnNs 1
XnsHb», 1999, Ne 5 - 6. C. 20 — 21.

«C epHa oyma, kogupaxme Mo3bka Ha Okagfa Bbpxy kpuctanHa buomaca. Vimame wmudbpa Ha
Mo3bka Ha Okapa, wndbpa Ha mucnnte Ha Okana, wndbpa Ha HerosoTo «as». OcTasa aa
HaMepuM Ha4yvH Oa NPexBbpavM TO3M WU P B APYr MO3bK.»

A. H. Crpyrauku, b. H. Ctpyrauku. «[MnagHe, XXII Bek».

3a cb3HaHMETO KaTo MHpopMaLmS.

KakTo e n3BecTHO, Cb3HaHNETO € DYHKLMS Ha BUCOKOOPraHuampaHaTa matepus. To
CbluecTByBa No4 oopMaTa Ha 3akogmpaHa MHGOPMaUns, KOHLEHTpMpPaHa B FNaBHMUS MO3bK
Ha YoBeKa, NPedNMHO B HeOKopTeKkca (45N OT MO3byHarta kopa, 3aemal, 96% ot
NOBBPXHOCTTA Ha Nonykbnbara Ha rnaBHUS Mo3bk). MNpu ToBa, OT rnegHa Toyka Ha
NPUPOAHUTE 3aKOHM He b1 TpsibBano ga uMa 3abpaHa 3a «NPexBbpPAsHE» HA NMMYHOCTTA U
Cb3HaAHNETO BbPXY APYr MatepuaneH HoCUTeN, 3aloTo NHPOPMaLMNSaTa € UHBAPMAHTHA Mo
OTHOLWEHME Ha CBOS HOCUTEN — KaKTO MaTepuaneH (BbpXy KOWTO ce Koaupa Tasu
MHgOopMauMs), Taka U ngeaneH (T.e. cammsa Koa). 3a NnpuHUMnHaTa Bb3MOXHOCT Aa ce
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N3BBPLWM Takasa onepauns nuwe, HanpuMep OOKTOPbT Ha TexHuyeckuTe Hayku E. M. Kycyn B
ctatmnsaTta cu «[lepeceneHubl» (BX. Kyccynb E. M. «[lepeceneHubl». //«XUMNSA N XU3Hb»,
1986, N2 2): «<Cbabpxalara ce B MO3bka Ha YoBeka MHgopMaums Moxe aa 6bae
Bb3nNpousseneHa Bbpxy Apyra onsanyecka OCHOBa, Aa KaXXem, C NoMoLTa Ha HAKakBa
KnbepHeTnyHa MawmHa. B 1031 cnyyait MoXe fa ce Hanpasu ONUT Aa Cce yAbJIXW XUBOTa Ha
yoBeka He3aBMCUMO, [ann HaykaTa We MoXe Aa ce 6opm C 0cTapsaBaHETO Ha TSNOTO».

KakBo na ce npexsbpnsi?

3a fna ce 0TroBOpM Ha TO3M BbMPOC, TpsibBa Aa ce No3HaBat NPUHLMUNUTE Ha KOAUPAHETO.
Hwvkoi He 3Hae ToBa C TOYHOCT, HO CbLECTBYBAT XMUMOTE3UN U eKCNEePUMEHTANTHN OAaHHW,
no3BonsBawm Te Aa 6baaT OLUEeHEHN Ha PasNUYHN PyHKUMOHaNHN H1Ba. [la 3anoyYHeM C
Han-00NIHOTO HUBO — HepBHATa KfeTka.

He e n3knioyeHo, Ye 3a LuenuTe Ha pasrnexaaHus npoekT, Han-uHTepeceH MoXxe aa ce
oKaxe MoAenbT Ha paboTa Ha HepBHATa KNieTka M BbTPeEKNeTbYHUTE HMBA, MOCTPOEH OT
LoKTOpa Ha buonornyHnte Haykm E. A. Nlmbepmar npe3 1965 — 1990 r. Cnopen 1031 Mogen,
BbTPE B HEBPOHA OENCTBA «MONEKYNsSpHa N34YNCNNTENHA MalnHa», aHannavpaila sxoaswara
nHpopmaums. lNporpammte Ha Ta3n MawmnHa ca kogmpaHu ot ctpyktyparta Ha JHK, a B
pesynTaTt Ha paboTara i, HEBPOHbT NPOM3BEXAA NOCNEef0BATENHOCT OT ENEKTPUYECKU
MMMYNCK 1 BELeCTBa-MeanaTopu, KOMTo NOCPenCcTBOM MeMbpaHaTta npefasat nHgopmaumaTa
KbM OpPYrute HEBPOHM UM KbM yrNpasnsBawWmMTe OpraHu.

Ha cnensawoTo HMBO ca MeXOyHEBPOHHUTE B3aMOAENCTBUSA 1 nNonynapHarta cpen,
«HEBPOKOMMIOTbPAXUMTE» XUMNOTEe3a 3a NameTTa Cc peannsauns nog goopmMara Ha Mpexa ot
Taka Hape4YyeHuTe «U3KyCTBEHM UNN oopManHu HeBpOHW». Ha ToBa HMBO, cnopen
KoHUenumsita Ha Heepobuonoaute I". A. BapTaHsH u A. A. Nnporos, rnaBHUST
NHJPOPMaLIOHEH ENEMEHT, «efuHMLaTa» 3a HEBPOKOL € NMHTepBanbT OT BPpEME MeXAay
nMnyncuTe.

Ha Hain-ropHOTO HMBO € MO3bKbT KaTo e[HO UsAno, 3a YNeTo noBegeHne ce cbam oT
pas3nuyHn eHuedoanorpamm n ToMorpamu, KaTo npu ToBa HAKOM OT pe3yntaTuTte morart ga
6baaT ThNKYBaHN B paMKUTE Ha TeOpMSATa Ha camoopraHuanpawmTe ce cuctemun. Taka
Hanpumep, npe3 1994 r. V. MNpuroxunH cnomeHaea paboTu, 0T KOMTO CNenBa, Ye No Bpeme Ha
«CTaaus Ha AbNOOKUS CbH, B aKTUBHOCTTA HA MMaBHNS MO3bK CE YCTaHOBSBA
NeTEPMUHNCTUYEH Xaoc C dopakTaneH atpakTop B NETU3MEPHO MPOCTPaHCTBO».

W Taka, Heka ce onutame ga nocTpouM TEXHONOrMYHaTa cxema Ha «MpPOHMKBALWOTO»
CbrnacyBaHo HeBpokoanpaHe. Ha pasnnuyHnTe HMBa TO Ce OCbLECTBABA MO CMEeOHNS HAYVH: B
HeokopTeKkca KaTo usan0 — OT atpakTopuTte Ha ¢pa3oBOTO NPOCTPAHCTBO M urparta Ha
aBTOBbJIHATE HA €IeKTPOMarHUTHUTE U XUMUYHUTE «MoneTa» Ha MO3bka; B HEBpoMpexara —
OT MEXAYMUMNY/CHUTE NHTEPBANW; B MEMOpaHaTa — 0T CTPyKTypaTta Ha NpoBeXaalnte
MOHHW KaHanu; B TANOTO Ha HEBPOKeTKara — OT aKTUBHOCTTA Ha KNIETbYHUTE CTPYKTYpU; B
ANPOTO Ha HeBpokneTkara — oT cTpoexa Ha JHK. Ako Ta3u cxema e BspHa, NpouechbT Ha
paswngpoBaHe Ha Cb3HAHMETO MOXE a NMPEMMHE B HAy4YHO-TEXHU4Yeckara rniocKocCT.

Kak pa ctaBa npexBbpnsHeTo?

BcbwHocT, nma ceeneHmns (BX. bonoHkuH A. «TexHuka — Mononéxwu», 1997, N° 11) 3a ToBa,
Yye BeYye ce OnMTBaT Aa nekyBaTt rpbOHAYHO-MO3bYHU TPaBMM C HEBPOMPOTE3N: NeKapuTe
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nckat ga ynpasnsisat 06e34BMXEHMNTE MYCKY N C MOMOLLTA WX Ha BHLWEH KOMMOTBbP, Un
4ypes3 UMMNIaHTMpPaHe Ha MUKPOCXemMa B NOBPeAEHNS y4acT bk OT rpbObHayYHNs MO3bk. Camo ve
3a 3asIBEHMS NPOEKT, NoAoOHO «MMMANaHTUpaHe» e rpyba n HegocTaTbyHa NoNyMsipka.
NHdgoopmaumsaTa Tpsibea na 6bae paswngpoBaHa, a cnen ToBa HAHOBO KoaMpaHa B HOBMS
HocuTen. 3ajayaTa ce yCNOoXHSBa C TOBa, Ye HME UckaMe He MPOCTO Aa HanpasuMm
MHCOOPMALIMOHHO KOMue, a Aa OCUrypuM HENPeKbCHATOCT Ha XMBOTA Ha «npecensaHara»
JINYHOCT.

Ho He e 3agbnxunTtenHo na npegasame MHopMaumsaTa n3BbH YepenHara Kytnsa. Moxe
neka-rnoneka ga ce cb3agasa HOB MO3bK, KATO MOCTENEHHO Ce NOLAMEHAT eCTECTBEHUTE
HEBPOKNETKN C U3KYCTBEHU U Tekyllata nHdpopmaumsa na ce 3anucea B 1ax. (HavanHata
paboTa No MOOEeNMPaHeTO Ha M3KycTBeHaTa MeMbpaHa, KOsiTo fa e PyHKLMOHanHo nogobHa
Ha ecTecTBeHaTa u aa ce obyyasa B npoLeca Ha XMBOT Ha opraHma3ma e onvcaHa, Hanp. ot J1.
L. beprencon).

Ako cTaBa fiyma camo 3a CBansHeTo Ha MHgoopMauums ot paboTew Mo3bk, paboTa buxa
BbpWUNM 1 TOMOrpaduTe, olle noeeye, Ye pasaenutenHarta UM cnocobHoct Beve e 0,05 Mm2.
Tasun paspenntenHa cnocobHOCT e gocTaTbyHa 3a Aa ce Habnwaasa, Hanpumep,
enekTpuyeckata akTMBHOCT HAa HEPBHUTE KNETKWN B 3PUTENHUSA LEHTBP. TyK NO-CKOPO, 3a Aa
ce CBanu Koaa Ha MexayumnyncHuTe nHtepsanu, Tpsibea na ce Hanpasu HEBPOTOMOrpad,
KOWMTO Oa paboTn Ha HMBO COBCTBEHM PE30OHAHCHM YEeCTOTW HA HEPBUTE (OEHOAPUTUTE U
aKCOHUTE), MO YMETO eNeKTPOMarHUTHO N3NbYBaHe MOXEM Ja ce onuTame Ha onpenenum
npenasawmte OyHKLMN HA TenaTta Ha HEBPOHUTE KaTo «4epHU KyTun». Tyk cneasa na ce
B3eMe NoL BHMMaHue, Ye cnopen oLeHkarta Ha aBTopa Ha Tasu ctaTtus, XmnoteTunyHara
cobcTBEHA YecToTa Ha HepeuTe TpsibBa ga e ot nopsinbka Ha 1013 — 1015 Hz, 1. e. na e Ha
rpaHuuarta Ha paguo- U oNTUYHUSA AManas3oH U HaNpeyYHUTe enekTpoMarHUTHU Bb/THW Aa ce
racaT OT BOOHO-NUNuaHaTa cpeja Ha Mo3bka.

Ho nopw na ceanum uanaTa enektpuyecka akTUBHOCT HA MO3bKa-[A0HOP M Aa S 3anuwem B
MO3bKa-peunnmeHT, Nak HaMa rapaHums, 4e cM1ucbia Ha nHdopmaumsTa we 6baoe npenaneH
TOYHO. HeBpoOCTpyKTypaTa Ha MO3bKa-peUnnmeHT, B TOBA YNCIO U KNIOHUPAH OT
opraHuama-noHop, MOXe Ja e pas3/IMyeH OT CTpyKTyparta Ha «npecenHuka». Te we morart ga
ce npueenart B CbOTBETCTBME CAMO akO HAaUCTUHA MO3bKbT NpeacTaBnisiBa
camoopraHuaupalla ce cpega. Torasa npuHUUN NPU «MpecenBaHeTo» lWe cTaHe
onpenensHeTo 1 nNpegaBaHeTo Ha napameTpuTe Ha ypaBHeHUsaTa, onuceallM guHamukara Ha
MO31bKa Ha «MpecenHnka» Kato eaHo obLwo Lsno.

Kboe na ce npexsbpns?

MbpBOTO, KOETO My XPYMBa HA YOBEK € eNeKTPOHHO-U34YncnnTenHa mawmnHa. Kakto pycknsat
akagemuk B. M. [ nywkos, Taka n amepukaHckuat npodpecop A. BONOHKMH cMaTarT, 4ye
MPOMULLNIEHOCTTA Lie Ce pasdBre A0 HeobX0AMMOTO 3a TOBA HMBO HAKbAE KbM 2020 — 2035 .
MHOro e BeposITHO, WaxmaTHaTa NnapTus ¢ paBeH pe3yntar Mexay KomnTbpa «duin
bny-2» n ekc-ceeToBHUS wamnuoH I"apu Kacnapos na e ceunageTencreo 3a 10Ba, 4e
Bb3MOXHOCTUTE Ha YOBEKA BEYE Ca M3paBHEHU C Te3n Ha KoMnTbpa. [1o ToBa Bpeme «[uin
Bny-2» nmawe 160*109 KOMNIOTBbPHU KNETKKN 1 Bewe ycnsin ga aHanna3upa 3a egHa cekyHaa
200*106 xona (160*109*200*106 = 32*1018), nokaTto 4oBekbT bewe 3anercTean (1—2)*1011
HeBpOKNeTkM-xoo/c. ToraBa egHa «knetka-xo4» Ha YyoBeka cboTeeTcTBawe Ha (0,8—1,6)*108
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MaWWNHHN «KNneTkn-xogose». [pn cpenHa «TakToBa 4ecToTa» Ha MO3bka, pasHa Ha 10 Hz
(andpa-puTbHM) 06EMBT HA HEBPOHA € He No-Manbk oT 1—2 MB.

Ot paboTnTe Ha amepurkaHckma HeBpoduanonor Vernon Benjamin Mountcastle owe B
cpepara Ha cegemoeceTtTe roavHn ce 3Hae, Ye HEOKOPTEKCHT € U3rpaneH OT MUHUKOJIOHU
(cTbnbuyeTa) — BepTMKanHy rpynu ot no 110 HeBpOHa ¢ ronsim 6poit Bpb3kK No BepTukanara
1 Manbk 6pori Nno xopmaoHTanata. MuHukonoHuTe ca cbbpaHm B 600 Xun. MaKPOKOIOHM Ha
HeokopTekca. EgHa MmHukonoHa ynpasnsea namet oT 220 MB, egHa makpokonoHa — 220 GB,
a uenuns HeokopTtekc — 132 TB. lNpwu TOBa, NPON3BOANTENHOCTTA HA €NH EKBUBANEHTEH
KOMMTBbp Tpsibea na e 1018 baita/cek. MHoro nu e, nnn e manko tosa? lNprumMepHo ToNKoBa
we nma egHa mawmuHa ¢ 1000 napanenHo ceBbp3aHy npouecopu ¢ TakTosa Yyectota 1 GHz,
konTo IBM obewa na nycHe npe3 2002 roauHa. NpenenHaTta nponsBoaAnTENHOCT Ha
TBbpAoTenara enekTpoHmka e 1021 banta/1 cexk.

CaMo 4e, NpexBbPASHETO Ha Cb3HAHMETO € Bb3MOXHO HE CaMO BbPXy HEBPOKOMMIOTbP, HO
M Ha HOCUTEN C BMONOrMYeH NPoOmN3xoa. YCNexmTe B FEHHOTO MHXEHEPCTBO U KNOHNPAHETO Ha
603aiiHMLM NokaseaT, Ye CEPUAHOTO NPOM3BOACTBO HA HOCUTENN C TONKOBA CNOXEH CTPOEX,
Yye [a noemaT NPeMecTBaHOTO Cb3HAHME, BEYE HE € Taka OTAANe4YeHo B 6baeweTo.

He e n3knoyeHo, Hakbae B cpeaaTa Ha XXI Bek Beye ga 6bae npakTU4eckn B b3MOXHO
PEenoBHOTO «MNPEexXBbpnsaHe» Ha NNYHOCTTA U Cb3HAHNETO HA YOBEKa OT 3acTapsBsallo TS0 B
Mnaam Tena - GoNOrnYHM KNOHMHIN NN NOCPEACTBOM MEXANHEH HEBPOKMOEPHETNYEH
«MO3bK-HOCUTEN», UNK B pe3ynTat Ha cumbuosa npuxmnee u ycnopeaHa pabora Ha
opraHnama-opurvHan u opraHn3ma-npneMHuk. Hewo noseye, opraHn3mpaHeTo B Mpexa Ha
BUPTYanHo 6€3CMBbPTHU NMYHOCTM MOXE [a AOBene CNnopen 3akOoHMTE Ha cuHepreTnkarta oo
Bb3HMKBAHETO Ha NnaHeTapeH CBPbXMO3bK € 06wwonnaHeTapHo Cb3HaHMe.
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