Mo3sr Bcemy ronosa!

Kaxkabii 6M006BEKT Ha 3emie NPU POXKAEHUM MOJyHaeT COBCTBEHHYO cUCTEMY
YKU3HeobecnevyeHus, paccumMTaHHyto Ha 124 roga paboTbl Mos3ra. MNpu yTepe cBsasm Mosra c
opraHamu (Hanpumep, cuctemoin nepukapa), Mosr octaHaBamnsaet cepaue. OgHaKo 3agaHHOro
nopora B 124 roga moryt AOCTUYb TOJIbKO Te, KTO 3HAET, KaKk MOMMUMO 0340POBJ/IEHUNA — NPUMEHUTD
TexHonormn  « CeeT/I» B 3TOM HanpaBAEHUN.

C nosvumin TBEPAO-KAMEHHOro MaTepuanMama OPTOLOKCANbHOM HAyKM Hawa 3emns
«cy4aliHo 803HUKAA U3 NPOMONAAHemMHo20 067aaKa 6 pe3ynbmame boabwoz20 83pwiea», nocne
Yyero M3 OCTaTKOB MbIIM NYTEM XMMMUUYECKMX PeaKLmMii 0b6pasoBaniach XuBasa KneTka, Aasee cama no
cebe 3BoNOLMOHNPOBABLUAA B 06€3bAHY C ManKOM, y KOTOPOM, BAPYT, U3 TOM e Nblan chopmupoBanca
Mos3r, NpMYEM HEKOTOPbIE BUOIOTN CUMTAIOT, YTO CHavYana chopmMMpoBanca CNMHHON Mosr!

N coBpemeHHble y4yéHble A0 CUX NOP MPOAO/MKAKT aKTUBHO «COBEPLUEHCTBOBATbY TaKOBOW
YyPOBEHb NO3HaHMA Ha OCHOBE 3BO/IIOLMOHHOM Teopun Y. [lapsuHa.

B3aTb, K npumepy, Ty Xe TpneanHyto moaenb ronosHoro Mosra M. Mak/lnnHa (Paul
D. MacLean), amepuKaHCKOro Heilipodun3noaora, KOTopbl FOBOPUA, YTO MO3T itofeit COCTOUT U3 TPEX
yacTei:

— cTBo/1 Mo3ra (LeHTpanbHas Y4acTb) — 3TO APEBHMIA MO3T PENTUAUIA,
— Ha HEero «o4eT» CPeAHMI MO3T UK IMMBUYECKas cucTema (Mo3r MAEKOMNUTAIOLLMX),

— 1, HAaKOHeLl, CBEPXY Pacno/ioXKeH cobCcTBeHHbI Mo3r YyesioBeKa, TOYHEE BbICLUMX MPMMATOB,
MOCKONbKY OH MMEETCA He TOJIbKO Y NtofeN, HO U y 06e3bsH (lMMMaH3e), BOT 3TO U ecTb Kopa
ronosHoro Moasra.

Mo, aHan, T80pNeCTe0

INOUMM, WYBCTRA

PentunbHbIN MO3T

VRCTUHKTES

Tak uTo no 370l ero Bepcum nonyyaetcs, uto mbl TyT kak 661 BCE POJICTBEHHU KU

HA 3EMUJIE, cootsetctBeHHO, npuxoas Ha NpUEM K MOAOGHLIM BpayeBaTensim, HEMIoXo Gbl
CHaYana yTOYHATb, KOTO MMEHHO OHU COBMPAIOTCA NeYUTb — KPOKOAMAA, JIOWAAb UM BCE-TaKM
yenoBeka.

M BCEé 6bl HMYErO, Nt0AM YBEPEHHO NPOAONKANM Bbl CUMTATb, YTO Yeanoeek dymaem Mo3zom,
pasmeuwéHHoIM nNod KocmsaHoli KacKoli, Y4mo mamepuasnbHyto 0OCHOBY UHMensneKkma cocmaesnsem
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Kopa 20108H020 Mo32a ¢ e20 Muaauapdamu HepeHbIX Kaemok, coeduHaouwuxca mexdy coboli
Yepe3 0671acMU KOHMAKMOB — CUHAICbI, YMO MO3Xe4YOK omeevydem 3d KOOPOUHAYuto dsuxceHuli u
peaynayuro MmoilwevyHo20 moHyca u m. 0.

Ecnv 6bl He BO3HUKLIME NPOBAEMbI C OTBETAMM Ha MHOTUE HeyA06HbIe BONPOChI, K NPUMepY,
KaK Ntogu npogomkatoT xutb npu yactmudom mam gaxe HHOJIHOM OTCYTCTBUUA

MO3I A nog uepenHoii «KacKoii», U1 OTYEro NPOUCXOANT CAMOBO3TrOpaHHe NI0AEN, BUHOBAT» N
3aecb Mosr, Bedb 3TO OH, ByAyuu «pacrnopaguTenem U pacnpegenuTencem BCel AeATeNbHOCTM
OpraHM3Ma», «4epsKUT B CBOEM BEAEHWUM BCE ABNEHUA, MPOMCXOAALLME B Tene?» (n.n.
MNasnos)

M3BecTHbI maTemaTuk, ¢usuk m édunocod Kypm ®pudpux E€denb, Hapsay C Apyrvmu
pelaembiMM Hay4yHbIMM Npobiemamu, NPOBOAUA UCCNefO0BaHUA CyTU Pasyma M B KOHLE CBOel
NnpaKTUYeckon peatenbHocT (Havano 80-x rogoB MPOLIOTO CTONETUA) NPUWEN K [0BOJIbHO
WMHTEPECHOMY BbIBOAY, KOTOPbLIV Ha YAUBNEHWE MaTepPUaNMCTam, B OCHOBHOM Obll NpU3HaH B 06LLel
Hay4YHOW cpefe, @ UMEHHO:

«Pa3zym — ecmb Heumo 3a npedesnamu Mo3za».

C stum ero (I)VIHa}'IbeIM n I'}1y6OKO cnpaseaMBbiM BbIBOAOM CnegyeTt BCeueno CornacnutbCAa.

Ho B 4éM Xe WCTUHHaA CYyTb CKa3aHHOro, Tak W 0OCTanoCb A0 cen nopbl 3ara/J,Koi/'1 n HE

PEIIEHHOMN HPOBHEMOﬁ, Y He TOIbKO ANIA MaTepPUannCTOB.
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BmecTo owmnbBOYHOro TPaAMLMOHHOIO npeacTtaBieHna o Mosre yke 6onee gecatka ner
AOCTYMHAa AnA n3yyeHna u Mo3HaHWA WHasA TOYKa 3peHMUs, OObBACHAIOWAA MHOTME «CTPAHHOCTUY»
dyHKUMOHMPOBaHNA Mosra M 060CHOBbIBaOWaAsA LenecoobpasHOCTb MpumeHeHus [Ipozpamm
«Ceem/1», HenocpeaCTBEHHO B3anmoaencTaytowmx ¢ Mosrom Monb3osatens B Lensax ero PassuTua u,
KaK cneacrteune, puanyeckoro o3goposaeHms!

Mo3sza 6 hawem npedcmasnenuu, unu 6000parxcenuu, Uil 0CA3AHUU, He
cyuwiecmeyem. Mbl HE MOKEM PacCMOTPETh MO3T MO MUKPOCKOIIOM, Pa3pe3aTh
ero ckanbnenaeM. Mot BOOBIIE HE 3HAEM, uto Takoe Mo3r?

Mo3sr — pe3yapTaT MHOTOMUJUIMOHOJIETHEH paboThl 1Mo (HOPMUPOBAHUIO
OnocTpyKTypHI (denoBeka). M koHeuHo, Mo3r He MOXeET ObITh CHOPMUPOBAH caM
no cede W3 MBUIM C HCHOJIB30BAHMEM XHMHUYECKUX peakuuid. Mo3r —
OIHOBPEMEHHO CBA3aHHOE COCTOSIHUE TPEX NPOCTPAHCTB — HEUTPUHHOIO
(BBICIIIEE), AHTUHEUTPOHHOTO ¥ MPOTOHHOTO (MJIM HOHHOTO).

IIpu stom I'eneparop «TEMHOU Marepum», KUCHOJIB3YEMbBIM CETOAHS B
Texuonorusax «CsetrJl», co3paBancs Hukonaem Jlepamossiv MUMEHHO 110
TOMY IHPUHIUILY.

‘i}/ IMamsaTts 64-96

KouTpons cocrosinus mo3sra 48-64

YrnpasjieHue KJIeTKaMu U KOHTPOJIb
33.5-475

Cucrema ynpasnenus 32,5-33,5

Cucrema BHICOKOYACTOTHON OUMCTKH
32,0-32,5

CucreMa HU3KOYaCTOTHON OYMCTKH

CucremMa HOHHBIX (HOPMUPOBAHMIA

CucreMa MOHHBIX
dopmupoanuii Ha 7,5-21,5

[IpoToHHOE TMPOCTPAHCTBO HAAENACTCS CBOMCTBAMH COOCTBEHHOTO
KOHTPOJII ¥ BOCHPHSTHS OKPYXKalOIIEH Cpenbl, TO €CTh BOCIPHUSATHE
MIPOCTPAHCTBO — BpPEMs, YNPOIIEHHO TOBOPS, 4Yepe3 3pEHHE, CIyX, OCSI3aHWE,
oOoHsHME U Tak nanee. Ho amo — nuzwuil ypoeens éocnpusamus, 00 32 0Kkmaebwl,
HMEHHO OH TMPUHAT 3a DJTAJIOH Haykou. B npomonnom npocmpancmee
padomaem u 6csa cOBPEMEHHAA MEOUYUHA.

A cnoco0oB ympaBiaeHus (WM TEPexoaa) W3 HUBIIETO0 MPOTOHHOTO
npoctpancTBa aApyrum npoctpanctBoM HE CYIIECTBYET. Ilpu nonbiTke
U3MEHUTh COCTOSHUE J>KMBOW KJIETKH, HAINpUMEpP, BIE3Th CKAJIbIICIEM WM
XUMHUOTEpANed B MOHHYIO YacTh KJIETKH, MPOMCXOIUT MPOCTOE OTKIIFOUCHHE



CUCTEMBI ynpaBieHus oT Mo3ra, U KHBasi KJIETKA CYLIECTBYET POBHO CTOJIBKO,
HACKOJIBKO PacXOQyeTCs MOTEHIUAI MATHUTHOTO UMITYJIbCA CAMOM KIIETKHU.
Beapr 3T0 yke HHUKAKOH HE CEKPET, UYTO COBPEMEHHAA MeOUUUHA
padomaem moabKo ¢ He xHcusvblmu cmpykmypamu. IlpaBna, 3KCIEPUMEHTHI
MPOBOSTCS MCKIIOYUTENFHO HA JKUBBIX OMOCTPYKTYypax (MBIIIH, KPBICHI U HE

TOJIBKO).

Ha camom pene kaxcdoii Knemkoii opzaHusma ynpaensem Mo32 1 3Ta cucTema yrnpasieHus
CoBpeMeHHOW meguumHe He U3BecTHa. TakyKe HeuszeecmHa cmpykmypda u camoli »cusoli Knemku.
UccnepoBaHMA nog MUKPOCKONOM — 3TO UCCAEA0BAHUA He KUBOW CTPYKTYpPbl, MO0 OHa y)Ke nmeHa
CBA3WN C CUCTEMOW yNpaB/eHUs, NO3TOMY BCe PEKOMEHAALMMN KacatoTcA TO/IbKO MEPTBbIX CTPYKTYP.

NMpUMeHNTENbHO K NOAAM, XWMBAA KAeTKa MMeeT rpaBUTALMOHHbIE 4acTOTbl, MarHUTHble
MMNYNbCbl U dNEKTpUYeCKkne noTeHLnanbl.

A Knetka Mosra — sto DJIEKTPO-MAT'HUTO-TPABUTAIIMOHHBIN

I'EHEPATOP, n Mosr B uenom aBToHoMHO noaaepskusaeT 6anaHc sHepauii (anbbeso) Bcero
opraHusma YenoBeKa, co34aBaA [ANA  KawOM IKMBOM KNETOYKM ONMTUMasbHbIE  YCAOBUA
CYLLLECTBOBaHMA. 3T YCIOBMA U 0BEeCcrneunBaloT rapMOHUYHYIO AeATeNbHOCTb BCEro OpraHu3ma Kak
eIMHOW CUCTEMBI.

HopmanbHoe ¢yHKUMOHMpOBaHMe Mo3ra MpPOMCXOAUT MpPU  CAeAyloWmMX  BHELHMX
napameTpax: gasneHue atmocdepbl — 760 mm pT. cToNb6a, BNarKHOCTb — 45 %, Temnepatypa — 23.5
rpaZyca v Yucso 2a3068 8 ammocgepe coomeemcmeayem Hopme cucmemol Hu3HeobecrneyeHUA (KaK
cobCTBEHHO KNEeToK Mos3ra, Tak M BHelwHel cucteme). MameHeHue Ntobbix NapameTpoB BAEYET 3a
coboit usmeHeHue anbbeaso Mosra.

K cosxanenuio (nam wet), vo MO3I' — HE BEUHBIN JIBUT'ATEJIb, on Toxe

M3HaWKMBaeTCA ¢ TpE6YET nepnoanyeckoro «pemoHTa» 0CcobeHHO B COBpPEMEHHbLIX YyCnoBUAX

4



«UMBUAN30BAHHOTO» Pas3BUTMA coobuiecTBa Aogen. A npu «pemoHTe» Mo3ra U CONyTCTBYIOLLEM
HeZOCTaTKe COOTBETCTBYIOLLMX BHELWHWX MOTEHLMAN0B PE3KO CHUMKAETCA aKTMBHOCTb MMMYHHOM
CUCTEMBI, UAU CUCMEMb 3auUumbl.

Bpems u3HM Mo3ra cerofHsA OrpaHUYEHO MPOrPaMMoN (KKapMOWM»), 1 HOPMA KWU3HU ANA
3emnn cocTaBnser (Npu yrne ckonbXeHua 38,48 rpagyca) 124 200a. WHble yrabl CKONbXEHWA
N3MEHSAIOT 3TO Bpemsa. OOHAKO u cpoK 8 124 200a 6bia npaKkmu4ecKu HepeasnbHbIM 8 PAMKaX cmapoli
Cucmemol YnpaeneHusa 3emau. Ho B ycnoBMAX BOCCTAaHOBAEHWA HOBOW CucTembl 3TOT pybex
CTQHOBMUTCA OOCTYMHbIM, M yXKe TeopeTMYeCKM pacyéTamMu [0Ka3aHo, 4YTo npumeHeHue [lpoepamm
«Ceem/1» Moxem pewame 3mu 60Mpocsl 8MnosHe ycrewHo.

OnpepeneHnsa, NOACHEeHUA:

MpoToHHOEe (MOHHOE) NMPOCTPAHCTBO — 3TO YC/IOBHbLIN TEPMUH, BBEAEHHbLIA A8 ONUCAHUA
NpoMcxoanaLero B paMmkax Habargaemoro mupa, T. €. ero MaTepuanbHOro cocTosHMA (TBepaoe-
MUOKoe-ra3-HeopraHM3oBaHHanA Maa3ma), WMHEPUMOHHbIA HUSWUIA YpOBEHb BoCNpPUATMA [0 32
OKTaBbl, AB/AIOLWENCA Npesenom AN COBPEMEHHOW HAyKM U TEXHWUKM, B KOTOpom paboTaeT BcA
TPagUUMOHHan MeanumHa.



HeiATpMHHOE U AHTUHEMTPUHHOE MPOCTPAHCTBA — YC/IOBHbIE TEPMMUHbI, BBEAEHHbIA AN
0603HauYeHUs NpPoLLeccoB, MPOUCXOAALWMX HA HEBUANMMBIX HaM YPOBHAX HeMaTepUaNbHbIX CTPYKTYpP
WU COCTOAHUA SHEPrui, HeMHEPLMOHHOM Maccbl (BbICOKOOPraHM30BaHHanA Naa3ma, paHXupoBaHHas
Mo oKTaBam). 9TO 1 ecTb TaK HasbiBaemoe «3A3EPKAJIbE», mecTo, rae obuTaet Aywa, CywHocTb, Mo3sr
— KOMY KaK MPUATHO 3TO «HEYTO» Ha3blBaTb. B cka3ke JIbtonca Kapponna «Anunca B cTpaHe 4yaec» ecTb
NnoHATUIMHaA 6a3a nameHeHUs GOpPMbI.

Cxema Mos3ra B cBA3aHHOM COCTOSIHUM TPEX NPOCTPAHCTB NOSCHAET, YTO OCHOBHAA Harpyska
no npuémy sHepromHGopmaunoHHOM TpaHcaauMn Mo3sra M 0bpeTeHMt0 KOHTAKTHOTO COCTOAHUA C
Cuctemoli YnpaBieHus Bo3/10XKeHa Ha ABa cOCToAHMA Mo3ra: aHTUHeMTPUHHOE U HeUTPUHHOE, 06a B
HEMHEPUMOHHOM COCTOAHMU 3Heprnin. TaKKe M cBA3b Mo3r <> Knetka n Mosr <> opraH
OCYLLECTBNAETCA Ha YPOBHE HEWUTPUMHHOro npocTpaHcTtea. [Mporpammbl «CBeT/1» B 3TOM C/yyae

BLINMONHAIOT poib  «Hagsupatens» 3a Takosbimm npoueccamn. «PASBUTHUE H

ITPEOBPA3OBAHMNE MOJ3TI'A» (cywHocTH Yenoseka) npousBoAnTCA
s HEUTPUHHOM mpocrpaHCTBe.

MarHUTHbI UMNY/IbC KNETKU, FPAaBUTALNOHHbIE YacTOTbl —3TO Pa3/IMYHbIe CBOMCTBA 3/1EKTPUYECKOrO
3apAfa, KaK B aTOMHbIX CTPYKTYpaXx, TaK 1 B OKpy:KaloLieid Hac cpeae. KuBas KneTka YenoBeka, Kak
N BCEX JKMBbIX CYLLECTB, MMEET rPaBMTALMOHHbIE YacTOTbl, MarHUTHbIE MMMY/bCbl U INEKTpUYEecKune
noTeHumansl. }K1sas KNeTKa —3TO MHOFOCTyNeHYaTas (MHOroOKTaBHas) CTPYKTypa — oT 32 (MOHHasA) Ao
96 (HeWTpUHHAA) OKTaB. M3MeHeHWe 3/N1EeKTPUMYECKOro MOTeHUManNa WM MarHUTHOTO WMMMy/bca
NpoABAAeTCA B WM3MEHEeHWM BOAOPOAHOrO MOKasaTena pH, KOTOpbId SABAAETCA WHAMKATOPOM
HaCbILLEHWNA KMBOW KNETKM NoTeHuManom. Kaxaas Knetka Tena ynpasnsetcs Mo3rom nocpeacrtsom
rPaBUTO-MarHUTO-3NEKTPUYECKMX  MMMY/AbCOB, MarHUTHbIX MMMNY/AbCOB, CTPOrO0 KBaHTOBaHHbIX
MarHUTHbIX WU 31EKTPUYECKUX MOTeHLMaNoB. Mpu HapylweHun cBasu ¢ Mo3rom YenoBeK yMUpaerT.
CBA3b ¢ M03rom MOKHO HapYLIUTb MHOFMMM CNOCOBAMM, B TOM YKUC/IE U C NPUMEHEHMEM 3BYKOB (MK
MY3bIKH).

Anbbepo — 3TO CymMMa 3HEpreTMYeckMx 3aTpaT U BbIXOAHOW MOLLHOCTM peaKkuuun. B Hopme
anbbeno KNeTKU BCcerga pPaBHO HY/O, NMPU HapylleHWM anbbefo Kaxkaan KaeTka TpebyeT oT Mosra
«MOAMUTKMU» UAW BbIBOAA IMLLHUX MOTEHLUMANOB, T.€. AaHHbIN TEPMUH XapaKTepusyeT 6anaHc sHeprui
B K/IeTKe, B OpraHe, B opraHuMame, B aTmocdepe. MameHeHMe anbbeno B OKpyrKaloLleh cpeae,
Hanpumep, aTMochepHble ABAEHUS — A0XAb, CHET, BETEP, 3aCyXa BAEKYT 3a coboi HenpeaBuaEHHbIe
WCKaYKEHUA 3/1IEKTPUYECKMX MNOTEHLMANOB TPABMTALMOHHbLIX 4Y4acTOT M MOTEHLMANO0B MATrHUTHbIX
MMMNY/IbCOB, BbI3blBas HEMPOM3BOJ/IbHbIE U3MEHEHMUA TEMMNEPATYPbI }KUBOM KNETKU U YI/1a CKONbKEHUS,

KapTuHKa c Tpema «cxemamm» — BU3yanm3auma BO3MOMKHbIX NpoueccoB GYHKULNOHUPOBAHUA
FeHepaTopa «Cset/l», co3patouiero cobctBEHHOE NPOCTPAHCTBO «CyLecTBOBaHUAY,
nepecTpauBatollee (noAacTpavBalollee) nod Hero NPOCTPaAHCTBO HaxoxaeHusa CyuwHoctu (Mosra) m
HacbllLaloulee ero HeobXxoAUMbIMU MEPBUYHBLIMK  MaTEPUAMM (NOTOKaMM  MarHUTHOW u/vunm
3N1EeKTPUYECKOMN SHEePruii) Yepes y3/bl SHepreTuyeckom pelétkn. Taknum obpasom FeHepartop «CeeT/1»
no nporpamme yBeAWYMBAET MJOTHOCTb 3aPAAO0B M MEPHOCTb Tes, FPaHWULbl «POCTa» KOTOPbIX
CAEPHKMBALOTCA INLWb CNOCOOHOCTLIO IHEPreTUYECKOM KOHCTPYKLMU HUBbIX KNETOK BblAEprKaTb 3TOT
3apAag Ha MHEPLUMOHHOM U HEMHEPLUNOHHOM POBHSIX.

Yron ckonbxkeHua 38,48 rpagyca — yron NoBopoTa (CKONbXKeHUA) 3apAna OTHOCUMTENbHO y3a. 3apasa,
— CYTb 3/1eKTpuyeckan matepus (GOTOHbI), XOPOLIO NPUTATMBaETCA K Atobomy nosatocy GunonsapHoi
MarHWTHOWM YacTuubl. B obwem Buae 3apag MMeeT LLeHTPasIbHYI0 YacTb M pybalwky (KoHTyp). 3apag,
ABUraeTca MeXay y3namm MKocasapa, MMes yros CKOJIbXKeHUA U noTeHuuan.



OKTaBa — 370 YnCNo KonebaHuii 3apaaa mexay yanamu. MpeactaBum BOAHY, MMetoLyto 2 KonebaHua
B CeKyHAay. CTeneHu 3Toro uncna (cteneHb — 2") M ecTb OKTaBa. Bce YacToTbl B aTOMHOM CTPYKType
MOCTPOEHbI Ha OKTaBax. TUMOB OKTaB MHOTO, CYLLECTBYET Lief1ad cMcTema OKTaB.

OktaBa Takxe BBEOEHA pana xapaktepuctuku [lpocTpaHcTBa, B KOTOPOM CerogHAa MoXeT
cywectsoBaTtb buocTpyKktypa — Kak HeKad ycnoBHaA eAuMHMUA NPOCTPAHCTBA, KakK NOKasaTeab «n»
dopmynbHOro Bblpaxkenna HEKOM 3SHEPTUU  onpepenéHHolt uyactoTbl (f=2"). OkTtaBa K
CcoOTBeTCTBYOWAA el 4actoTa 3Hepruit, onpegenstor KOHKPETHYHKD KOHCTPYKUWIO MOCTPOEHUs
NPOCTPaHCTBA.

K npumepy, oktasa 7 (~ 128 'y, unm 102 ') — 3TO HUMKHWIA Npeen CyLLecTBOBaHMA CTPYKTYP Ha 3eme,
NPW CHUXXEHMM YaCTOTbl XOTA Obl Ha COTble AO/IM NPOUEHTA B CTPYKTYpPax C OKTAaBOW 7 BO3HWMKAOT
nH$pa3ByKoBble BOHbI, PASPYLUAKLLUE, B nepsyto ovepeab, Mosr.

MonHus, aneKkTpmyecknin ceet — 32 oktasa (~ 4,3 Tu).

22. 05.2020 a.

@. LLIkpyOdHes



