@’ == 18,5 MB mepecexaer KpuByM® @'(v) B J(BYX TOYKAaXx IIpH JOCTATOYHO Ma-
JNBIX SHAYEHWAX gy, Bémpmasa (v)) ¥ MeHbIIag (v2) CKOPOCTM HPHMEPHO PABHBI

_ J(@'RC?) — 2/(r,,RC)
Ul ~ []1/((])'302) _ 1/(rmRC)]l/2’

20’ ]1/2
~ |5g—— . 11.16
"2 [31111 (T 1T T) ( )

3/ecs rm — CONpOTHUBIeHMe MeMODAaHBI e[MHMOBI /UIMHBI aKCuHA B COCTOAHHIU
nokosa. Tak Kak j; ~ a, R ~a=% C ~ a, moiyuaeM v ~ a'/?, gyTo cormacyercs
C OIBITOM.

Pemenue v, ycToitauBo, v; — HeyctoitanBo. IlycTs CROPOCTH V; BO3pOCIa Ha
Maxyio BelusuHy. Torpa, Kak BugHO u3 puc. 11.15, morennman B cpegHeld Todq-
Ke MMIYJIbCa YMEHBIIUTCS U OKarkeTcA HW/Ke HOPOrosoro 3HaweHuda ¢’. B pe-
8yJapTaTe UMIyJIbe sameminTcA. Eciau e vy yMeHbmuTCA, TO IOTEHEMAJ B Ie-
pepEeil TouKe OyReT mPeBOCXOAMTH HOPOT ¥ UMIYIbc yckopmred. [lIa vy cupa-
Be/FIMBBI 00paTHBIE COOTHOII@HMS.

C ydYeTOM ONBITHBIX 3HAYCHHHA MApaMeTpoB s aKcoHa KagbMapa (rm =
== 6,37-10° OM-cM) B mpPeKPAacHOM cOIIacHM C ONBITOM HoXydaeTcsa vy = 21 M/c.

(11.15)

Teopns moxaseiBaer, TaKAM 00pas3oM, 9T0 CKOPOCTH pacmpocrpa-
HeHAS EMIYIHCA oNpefielifAeTCA 3JIeKTPUIECKAMH W IeOMeTPHIeCKUMHA
napaMeTpaMmu AKCOHA, HPAKTHYECKW HE3ABHCAMO OT HOPMBI HCXOA-
Horo mMnyibsca. Teopus pmaer pemrenys ¥ [UIS BONOKOH IEPEMENHOIO
ceuenmd, MJAA BETBAIIMXCA BOJOKOH. TeM¥W ke aBropaMid pasBHTa
TeopusaA B3AWMOJEHCTBAA HEPBHHIX BOJIOKOH B I[IYYKaXx A CTBOJAX,
Teopusl pacHpocTpaneHus BO30YHIACHMA B CHHIATHAX.

Hepsroe Bomoxmo mpejcrasager cooii. 6036ydumyio, AIM aKTUS-
ry1o, cpedy. Pacnpocrpanene HEPBHOIO MMIYJIbCa MPEJCTABIAAET CO-
Gofi pacnpocTpaneHHWe (6T0B0.4HbL — CHIABHO HEJWHEHHOro ofpasona-
HHUf, MOCKOJBKY ee [BIMKeHHe OMUCHIBAGTCH HeNnHeHBIMH ypaBHe-
maama tama (14.13). Cropocrs, opmMa m ammanTyfa HMIyJdsca He
3aBUCAT OT HAYANBHBIX YCAOBH; OHM, KAK MBI BUJEJH, ONpPENeNAIOTCH
cBofictBamu cpefel. Jlo m mocie MPOXOMKIGHWA ABTOBOJHBI YUACTOK
BOJIOKHA HAXOHTCA B COCTOAHHWA NOKOS — ABTOBOJHA JIOKAIM30BaHA.
9TAM oHA OTIWUYAETCA OT OOBITHOW BIEKTPOMATHATHON WIM 3BYKOBOIR
BOJHEL :

ABTOBOJIHA OTIMYHA W OT COAUTOHE — OTAEIbHON, He IHCCHIIH-
pylomeii BOJHE B ReIWHEiHON cpefe. XapPAKTEPHCTHKHM CONUTOHA
3aBWCAT OT HauanpHbIX ycaoemit. Ilpwm cToNKHOBeHWEM 1BA conmTOHA
NpOXOAAT APYT depe3 APYra, He W3meHsAcCh, HampoTus, aBTOBONHBL
CHJIBHO B3amMojelicTBYIOT, raca Apyr Apyra.

Crporm#i aHaiwms3 UOKA3LIBAET, YTO YPABHEHWA, OMHCHIBAIOTIAE
pacmpocTpaHeHHWe CONATOHA, HOIPAMEHAMLl K OHOJOrMYECKAM aKTHB-
HEIM CpeJiaM.

§ 11.3. I'enepanua uMOyasca

BoasT-amnepras xapaxtepucTnra MeMOpanbl akcoma cBoeoGpasma.
Ona He TONBKO HEJWHEHHA, HO H COJEPKHT YUIACTOK ¢ OTPHI[ATENb-
BeiM HakmoHoMm (pmc. 11.16,a). 310 caepgcrBme saBucmMmoctm Na- u
K-nposogmmoctn or moTennmaga Ha meMmbpane.
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PaccMOTpHM BO3HUKHOBENNE MOTEHIWANA NeliCTBHS B OFHOPOTIOM YY3CTHO
akcoHa. Tak Kak Ha NepPBOM 3Tane AeNodspusanuu K-mpopogumocth o9eHb Maja,
CUUTAEM MOHHBIA TOK CYMMOH Ina W TOKa yTeuknu Iy, TOK yredxku BoiparkaeTcs
o 3akoHY OMa Kak Pa3sHOCTb NMOTeRnHalka \ U MOTEHHUANZa MOKOs o, feACHHAR
Ha CONpPOTHBICHNE MeMOpPaHHL:

Iy = (b — %) /R = @/R.

BasucuMocts Ina 0T BPeMeHW aNnNPOKCUMHUPYeM NPSMOYroJAbHOH AMOM, cYuTas,
YTO TOK ¢ NOCTOAHHBIM 3HAUCHMEM [N, CymecTsyer X
B WHTepBaJe BPeMEHH OT MOMEHTa JOCTIKEeHHS [u31
€ro OUKOBOro gHadenwusi (¥ Jo MoMenTta cmajga Na-
T0Ka {3 B ocrambHoe BpeMst Ing == 0

Onpitel 0pu (PUKCHpOBaHHOM NOTEHiUajge IMo-
KasMBaloT, 9TO0 23aBUCBMOCTh Ina(Q) HenwHeiina, - ,
T, e, HOIUHEHHA BaBUCHMOCTE gNa(®). Onmako mpu /f"Na
MrHOBEHHOM CKAaYKe NMOTeHNHaTa NPOBOJUMOCTD gNa
§ie yCUeBaeT M3MEHUTHCA M, COIVIACHO ONEITaM XoJi-
sgnHa U Xakcau, I ns AINHEHHO 3aBUCUT OT ¢ — QNa:

Ina = gna(@ — Ona)- (11.17) z
3aMeHHM DKCHEePUMEHTAJBHYI0 KPUBY®W Ina(P), mo- jN
xazaunyw ua pwe. 11.16, ¢, noMmanoit Jwumeir c 2
AMCKPeTHBIMU aGCOMIOTHHIMY 3HAYEHWSAMH IIPOBOjU- ,
Mocta {puc. 11.16, 6): b B
oo
Uyg| _ [ TPH O SOSO e E /‘”Na ¢
dg g, UPH @ > @, ’ i
[}
BoIbT-aMIEpHYI0 XapaKTepUCTHKy NUKoBOro Na-To-
Ka onumeM (HopMyIaMu 5
(0 <o, ST
’ <% Puc. 11.16. Dxrcuepumen-
—5@—0) P,<0<0, TaJbHAT BOJNBT-aMOePHAH
Iy, = , s (11.19) XapakTtepucTuka (a) u ee
a — &, (‘P - q>2). Py < Q<< Py, aANIPOKCUMAUS JTOMaHOMR

i anHEueH (6)
lgz (q)—q)Na)) ‘P>‘P3’
upuieM g << g << go, rne g = R~ Hpu po30y:xneHHE MeMOPanbl MOCTOSHHBIM

TOKOM OT MCTOYHHKA ¢ HaOPA:xKeHMeM ¢ umeeM I = go. PaceMoTpuM otBeT MeM-
OpaHsl Ha TaKoe pasapa:KeHye,

Eciu @ << @y, T0 Ina = 0. ¥YpaBuenue fisn uMemGpamHOro TOKAa Iy =
== ( d@/dt + Iy npurUMaeT BUJ

do ~
Ero pemenue -
9 —qo = ¢[1 —exp (—gt/C)] (11.21)

ONUCHIBAET NACCUBHO® LOBEJCHMe MeMOpPAHB NP DOANODOrOBHIX cTuMyjnax, CTH-
syx ¢ = R] onmpepenseT mpened, fo KOToporo pacTer @. Ecainm B MOMeHT ¢ = £,
CTEMYTUPYIONUH TOK BRIKIIYAETCH, TO

de
Cor=8(9—9) (11.22)

¢ HAYAJHHBIM YCIOBHEM

?(to) = Qo+ @[1 — exp (—gt/C)].
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Pemenue paer GbICTPO cHafalomiee HanDAKefAHUe
" @ —qo = lexp (gt/C) — 1] exp (—gt/C). (11.23)

Ecau ctuMyaupymomuii ToK JOCTATOYHO BEJIWK, TO HACTYyNaeT MOMEHT i-==f{; &
pacTymuil TOTeH(HAJ JOCTUraeT 3HadeHua ¢ Ilpu ¢t = ¢,

de ~
Cap=280—8(®— )28 (P—,). (11.24)

Pemenne (11.24) umeer Bup

~ (P, — g—g
q;_(po-:(p_*___g_l___"z{gl—gexp[——_.l (t—tl)]}. (11.25)
g—g c
OHo OMUCHIBACT 3KCNOHEHIUAABHBIN POCT ¢ — (o 10 3HAYCHUA

gl
£—g,

Poo— B =@ + [9— (@, — o)l (11.26)

. JlokanpHBII OTBET, ompejelAeMHii Pa3HOCTHI0 HA(II0IaeMoro CHBHra NOTeMIfH-
ajxa ¥ COOTBETCTBYIOMIEro NAcCHUBHOTO OTBeTa, HaxojmM, Bervuras (11.21) ns
(11.25). JlokanpHHI{1 OTBeT OKa3plBaeTCA UMeHH{MM S-00pasHy® ¢opMy, ¥To CoO-
raacyerca ¢ onsltoM (pmc. 11.17).

Hexnogus ¢ noMompio coorromenua (11.21) gaa ¢t = 4

@1 — o = @[ — exp (—gh/C)]
exp (—gt,/C) ua (11.25), monygaem

P ~ g-g
~ —(?,— g—¢ 5
A==l PSRN Gt (R
£ 8 P— ¢, @

(11.27)

3aBucHMoCTh @ OT CTUMyla ¢ HeluHeliHa, Kpusaa (), mokasammas Ha
puc. 11,18, coBnagaer ¢ 9KCNePAMeHTANBHOM.

Mu BupMM, uTO pPaccMaTPUBAEMaA NONYIMOUPHUUYECKAA MOJENb BLIABIAET
OCHOBHKe@ 9eDPThl JMOKAABHOr0 oTBerTa: S-06pasHY 3aBHCHMOCTH OT BpeMeHH,

T (F-9rp0)

P nok
29

]

t

i S

% %o 4
% ¢ ’

Puc. 11.7. 3aBucumoctp I0- Puc. 11.18. 3aBucumocts cppura Mems-
KaJdbHOro OTBETA OT BpeMen:l PaHHOro MOTEHOWANA OT NUPHIOKEH-

HOTO CTUMY:Ia

HeJUHEHHYI0 3aBHCUMOCTb OT BEJIMYHHEL CTUMYJIA. STH 4eDTH 0O6YCIOBIEHE! IO~
ABIEHUEM TOK2 wepes MeMOpaHy, ompenelsfeMoro oTpmmaTelbHo#l nuddepennu-
aasHOM HTPOBORHMOCTHIO, abCOTIOTHOe 3HAYeHHS KOTODOH g; MeHbIle MeMOpammHoi
O POBOIUMOCTH g.

Eciu npegea @eo ~— Qo, K KOTOPOMY CTPEMHTCA COBAT MOTEHOUANA, TpPEBbI-
maeT (g, TO CHUCTeMa OKaseIBaerca B obiactH, rfe Na-Tok oODefelAeTCA OTpH-
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maTenbHolt  guddepeRnumaNbHOl TPOBONMMOCTRIO, TUpHYeM g2 > £ Tak Kar
g€ > g1, MOKHO CYHTATh g2 >> g,. Vi3aMeHenne MeMOpPaHHOro DOTEHOHANA OOHCHE-
BaeTCA ypaBHeHHEM

d ~
Cd—(tp——*gfp—-gw—-mo)-i—gz(cp—-cpz). (11.28)

Tlpu manTeXLIIOM CTUMYTEe MOMERT fp, ¢ KOTOPOTO HavHWHAaercsa feficTume aroro
YPaBHeNNsa, NPUXOAUTCA HA YyIaCTOK MObeMa NMOTeHHUANa, ONACHIBAEMBId ypaB-
venneMm (11.25). Pemenue ypasrenna (11.28) umeer Buj

g 4~ go
<P=—5:_—g(fp+fpo)+'g2—:_—é¢2+

g

-+ (p(z2)+g—2i_—g(cp +¢0)—g_2__2__gcp2 eXp[LC_(t~t2)]. (11.29)

IlokasaTelb 9KCNOHEHTH MOJOMATENeH; ( pacreT WIM yOLIBAGT B 3aBHCUMOCTH
OT 3HAKA NMPEJSKCNOHEHTH. EcInm K MOMeHTY f; HMOTeHmUaa paBeH Pz, TO Ipej-
IKCIOIeHNUANBHBI MHOMKATENs [ONOKATEIeH NDPA YCIOBHH ¢ > (g — Pon

¢
S

BN

I
| ! |
! 1 H
| ! )
! ! '
' ! !
i’ L !

%

b 4 gt 4 7

Puc. 11.19. Paspurme wMemGpammoro Pme. 11.20. Pazsutne wmemGpamHOro
DOTeHUMANA OPA /UIATEIBHOM B03- TNOTenNmana Opn po30y/KASHAH WM-
OyeHny TOKOM Haanoporosofi Bein- OyIsCOM HOCTOSHHOTO TOKA
YgHH: # — MOMEHT Hadvaza JOKaXb-
HOrO0 OTBETA, f; — MOMEHT BKIOUeHHA
Na-Torka, I3 — MOMEHT BHIKIIOYeHHA

Na-Tora

Tlorennuan pacrer BIIOTH [0 MOMEHTA ¢ = I3 KOrja BCIe[JCTBHe NHAKTHBALIIN
MeMOpaisl Na-Tok magaer. Ecim x sToMy BpeMeHHU MpeKpaTuioch peficTsme Crd-
Myda, T0 DOBeJeHHe CHCTeMH ONUCHIBASTCA ypPaBUenneM

a9 __
Cor = g(P— %)
€ pelieHNeM

0=, = [0 (1) — 0, exp [ — £ —1)]

TloTenpman majgaetT SKCIOHEHNHAJABHO [0 YPOBHA MOTeHOHANA HOKOA (o Bech
xof @(t) mpepgcrapiserca xkpusoi puc. 11.19.

1Ipu Madol fIUTeNbHOCTH cTUMYIA lo cHTyanusa wHas. Iycts peficTBue crum-
MyJa OPeKPALIaeTCsA elle Ha H30TOHMIECKOM 2Tame pasBHTHA MeMOpaHHOro
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noreAnuata. K MoMeRTy f; mOTeHOHUAN @ == @g, HO Na-TOK He BKIIO49aeTcs, IOKa
He IOpolifler HEROTOPHIL 0Tpe3ok BpemeHHu Af. Ho s3a aTo BpeMs feficTBHe CTHMYJAa
npexpaniaeTcd ¥ HAaYUMHAETCH MajjeHMe moreHnuala. Ecim K MoMeHTYy BpeMeHH
t == t, + At OH He cTaHeT MeHBIIE Qg T. €.

P, +Ay=9,+ P [exp (2:5 to) - 1] exp [-— _C"f. (t, +- At)]> Py, (11.30)

T0 BRIOgaercd Na-Tox, panomuil coafix, u mabaogaercss KapTHHA Pa3BHTHA [O-
TeHONAJa, TOKa3aHHas Ha pme. 11.20.

U3 ypasrenus (11.30) MOKHO DONYYMTH COOTHOMEHWE MEXKAY CHI0il Toka [
H [TUTeNBHOCTBIO ero qeficTBUs, COTIacyoueecs ¢ OOBITOM KOJIHIeCTBEHIo.

Ha ocrHoBe DpuHATON MOgen® ITOKAa3aHO, YTO pasBHTHe cHadika ma MeMOpaHe
aKcoHa HagUHAETCS € TOMO MOMEHTAa, Korga MeMOpamHBI DOTEHHOHAN JOCTHraer
3uavYeHus, OPH KOTOPOM IIPOBOANMOCTh OTpUOATENbHA M IPeBbiaeT mo abco-
JOTHOH BelNMYUHE TPOBOJUMOCTh MeMOpaHbI.

§ 11.4. Monnpie ranagst

Wsnoennsie MOJeNbHEE TEOPUH TeHEPANNH UMIYJIBCA ABJIAIOTCS
theHOMEHOIOrMIECKEMH M HE PAaCKPHIBAIOT COOTBETCTBYIOINME MOIe-
KYJAPHHE MEX3HNU3MBL.

KHaxum jxe o6pazoM HOHH nepeHoOcATCHS uepe3 mMemOpaRy aKCoHa
(cp. § 10.6)? IlocpemctBoM cHeNMANbHHX MEPEHOCUNKOB HJIM IO
kamanam B MemOpame? Ounlr pemaer 5Ty anbTEePHATHBY B IIONL3Y
KaHAJO0B.

Yeranosneno, uto B MemOpamax aKCOHOB W MLINIEYHEIX KIETOK
VIMEIOTCH TP OTHEJNBHHIX TpaHCcHOpTHEX cucreMul — Na*™-) K*- u
Ca**-gamanst, CBoHCTBa MX CXOXHH JPYr ¢ JAPYTLOM, 49TO AaeT OCHO-
BAHKMA 110Jarath, IT0 TH KAHAJGLI BOSHUKIM B pPEe3YJIbTAaTe 3BONIOIMI
OJ{HOH HMCXOJ[HOH CHCTEMEL.

IlponniiaeMoCTh OUHOTHHIX KAHAJOB M HMX THCIO, [PUXOJATIEECST
Ha eJUHMIY I0BePXHOCTH, OIPEJENAIOTCA [0 CBASHBARKID TOKCH-
HOB, OJORMPYIOIIMX KaHAIbI,— IIPeKIe BCEro TeTpodoTOKCUHA W
CAKCUTOKCUHA, 8 TaKKe ¢ MOMOINGI0 aHanu3a (QAYKTYyaumd HOHHBIX
roxoB. Ymeao xamanmoe, npuxougamuxcas ma 1 MrM® mem6pamsi, co-
CTABAAET HECKONBKO coT. HasKIsiil OTKPHITHE Kamal HMeeT MmpoBO-
aumocrs 1—10 nCwm. Hponyckmas cmocobmocts Na'-wamama ~107
nouoB B 1 ¢, K*-ramana ~10° uonos B 1 ¢. Cxema cTpoenus xamaia,
COrTacHO COBPEMEHHBIM NpeJCTaBIeHWAM, NOKazaHa ma pume. 11.21.
Poxr xamaxa BHIIOJHAET MaKPOMOJNEKyJa HeKoero Oexka, cospaoinas
Hopy B JABYXCHo¥Hoii aumujgHOil MemOpame. ¥ BXola B KaHal@ CHa-
pPY/KH MMeeTCA Y3KH# CeJIeKTUBHHIN (PUABTDP [JA HOHOB, Y BHYTPEH-
Hel, BHIXO[HOH CTOPOHH PACHONOKEHH TaK HA3bIBAaEMBIE «80pOTa»,
ynpaeaseMple KoHQOPManuoHHO-TaOWIsHLIM cencopom. Vsmemenne
roH(opMannuE 9Toil WacTH 0€JIKa KOHTPOIUPYETCA BHYTpHMEeMOpam-
HHM 9JeKTprIecKuM moixeM. Cemcop OTKPHBAET WM 3aKPHIBAET <BO-
pora». J{nsa noBeieHAA CHCTEMBl ONPEIEAAIOIYIO PONb UTPAIOT 3IEKT-
pocraTudeckne 3apajE. BRyTpemEas moBepxHOCTL Kamana, MMO-BH-
AMMOMY, BHCTIaHa THAPOPUIBHBIME TPYNNaMu, OHarofapa dYeMy
KaHajJ NpoHMIiaeM JJad HoHoB. MoHo AyMaTs, 970 paa QYHKIHOHHA-
POBAaHEA KaHAJa CYIIECTBeHHH # KOH(POPMALKOHHBIE COOBITHA B
OumunupHOl JacTn MemOpaHH — KMHKH (CM. ¢. 339).
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