N0 OTNAYAIONIAECs OT TeX, KOTOPHEE MOJNy4aloTcs MPHE MOJL30BAHAHA HCXONHOIT
MOJeNIBIO.
Kauecrsennmoe mccjicfOBaHAe MOMENH ¢ IMOMOMBIO (PA30BOro HOPTpeTa mpPo-

BOAATCA MyTEeM NOCTPOeHHA H3OKMAH =017 ¢ =0, T. e.

n = n{Q) (16.24)
u
Zxn* (@ — @x) + Enalg — ) (@) (¢ — a) + Zx (9 — v) —1=0. (16.25)

THocaeprnas m3oknana mMeer N-o6pasayo GopMy Ha IUIOCKOCTH n, @, 9T0 obecnc-
uABAET reHepan#o EMOyasca. Ocobasa ToYKa HA MepecedeHHd U3CKIHH yCTOHYHA-
Ba (pmc. 16.15, a), 9T0 COOTBETCTBYET COCTOSHHIO MOKOA MeMOpambl. CooHTaHAaN
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Pac. 16.15. Hynpb-m3oKIEHL CHCTEMBI: MOoKOH (a), CIIOHTAHAAS AKTHBHOCTDH (6),
ycTod49mBan fenonApa3anaa (e)

AKTABHOCTh MOJKET OBITH BHI3BAHA yBeJIAYeHAeM ITDOBOJAMOCTH Zna HNH YMEHb~
uienaeM ggx. OHa MoABJIAercA, KOrja TOYKA ITOKOA TepfAeT yCTOHYHBOCTH, MPH-
4eM BO3HAKAIOT MpenelIbHBIA NEKI B aBrokodebanda (pme. 16.15, 6). Heycroitum-
BB 0cO0Ble TOYKHA, PACIOJOKeHHbIE Ha CpegHedl BeTBH M30KIEHBL ¢ = 0. CooT-
BeTCTBCHHO NajbHeimee ysejlmuende Na-TOka (HaOpuMep, 3a cgeT CABHra m{g)
na 20 MB BieB0) HpABOAAT K ACYE3HOBEHAK YCTOMYABOCTA MEMOJAADPH3ANAH
meMOpannl (pac. 16.15, ¢)}. IloBropHsie NepHOAAYECKAE OTBeTHl BOZHEKAIOT IPH
TAKOM 3HAaYe¢HEA BHemHero Toka I B (16.25), mpm KortopoM 0cofaA TOYKA OGKa-

3biBaeTCA B cpegHell obdacrm ¢ == 0. C MoMOmBI0 KagecTBeHHOro amanmsa ¢aso-
BOro MOPTPETA MOMKHO HAMTH YCIOBHA TPHITEPHONO IMoBeneHAA MeMOpaHnl. AK-
COH KajibMapa HPH HEKOTODHIX SKCHePHMEHTAJBHHX YCJIOBHAX, HANPAMEP, UPH
BHyTpHKJIeTo9HON mepdysmm CsF, semer ceGa Kak Tparrep ¢ AByMs YCTOWIABBI-
MH COCTOAHHAMH — Pa3pa’keHAe TOKOM, HampaBleHHBIM NONEPEMEHHO HAPYKY
3 BHYTPH, UPHBONHAT K HePeGpocy M3 OHONO YCTOHYMBOrO COCTOAHAA B APYroe,

Bce msmoskenHoe moKasbiBaeT, YTO MMEIOTCA OCHOBAHMA TPAKTO-
BATh H3MEHEHUA COCTOAHMA BO3GYyammoit MmemOpambl Kak (as3oBbie
mepexoxsr (cM. § 15.5).

§ 16.5. AsTOBONHOBEIE MPONECCH B CEPHEUHOM MbAINE

Kag e Bugenu (rn. 12), mbimeuHas THKaHbp TaK/Ke NPeCTABIA-
eT coboit 6036ydumyro cpedy,— Bo3GymIenme, cooblmaemMoe CETHIO
HEPBHBIX BOJOKOH, BHIZHIBAGT MEXAHOXMMAYECKHE IIPOIECCHL. Tem
CaMbiM DPOMECCH. B BO3OYAMMBIX Cpelax MMEIOT Ba)KHeiimee 3HaYe-
e JyiA (PU3MONOTHA, B YACTHOCTH, JJA (DU3HOIOIUH CEPHeTHOMH
MBI, 5

CamMo moHATHC Be3GYIUMOI cpensl Kax cpejsl, B KOTOPO# pacmpo-

CTpaHeHAe WMILyJAbCa HPOMCXOMUT 6e3 saTyXamuA 3a CYET YHeprud,
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-ganacemnoil B KJeTkax, Gouio Beneno BumepomM m PoaenGamorom
(1946). Mmnynsc remepupyerca Kasgjoil TOukoii cpenisl. Hpumepom
OTHOMCPHOH BO30YHUMOI Cpemsl MOMeT CIAY/KATH HEPBHOE BOJOKHO.
HKamxnaa rouxa Bo3OyamMoil cpefipl MOKeT HaXoJAUTHCA B ONHOM H3
Tpex cocroAuui: nokodA, eo03bymdenus u pedparreprocru  (cM.

Bepxnag ngnas Aopme

Bena

Cunyeolsid yaen

Pnc. 16.16. CxeMa pacnpoCTPaHEHHN BOJHEL IT0 ITPABOMY HpecepHuio

¢. 363). Ecau Ha Manplil y4acTOR BOJOKHA, HAXONAMIMIICH B COCTOA-
HJMHM DOKOfA, IOZaTh BO3GYKIeHHe, TO OH mepeiiier B BoabyKueHHOE
COCTOAHHZE, B KOTOPOM NpoGyjieT speMa T, 3aTeM nepeiier B pedpak-
TCPHOE COCTOSHUE C NANTeNTRHOCTHI Tr. B mepmojn pedparrepHocTH
Tr YYACTOK HE pearupyer Gomee Ha BO3OYHNAIOUMI CHCHAX, CIE0-
BATeILHO, HAKAKOW YYaCTOK HE MOMeT BO3OYMKIATHCA ¢ dYACTOTOI,

Gompmreii TH'.

B B0o36yquMLIX cpejiax peamusyIOTCA AaBTOBONHOBHIE [IPONECCH,
pofobasie onucaHAmM B § 16.2, VcTo9nmkm BOJH MOLYT BO3HHKATh
Il B TAKHX Cpe/laX, B KOTOPHX HHM OJIMH M3 3IEeMEHTOB He CIOCO0eH
B0o30YKATECA CAMONPOHA3BONBHO, T. €, He ABIAETCA aBTOKOIeGaTeNab-
uviM. BosnuKmoBeHHe TAKMX MCTOUHAKOB CBA3aHO € OCOGHIMU CBOM-
CTBAMHM CPEJRl M BOJHEI BO30yKuenus.

Ha pmc. 16.16 npuseneHa cxema pacOpoCTPAHEHHA BOJHEI BIEK-
Tpuyeckoro Bo30ymjenua mo mpasomy mpejcepiamo. lloxasaHst mo-
cilefioBaTeNbHEIe MONOMKEHMA (PPOHTA BOAHB, HAPPH YKa3HBAT
BpeMAa p MHUIACEXyHAax. BomHa B HOopme HCnycHaeTcs ¢ 9acTOTOR
cepueunoro purma wopsaara 1 I'm.

B mopme aBTOBOMHEI B CepleYHOl MBbIIIe CHHXPOHA3HPOBAHBL
CuaxpoHU3anMA oIpejelAeTcd MOJABIeHHEM OHICTPHMH MepHOxnYe-
CKMMHM HCTOYHHKaMH BceX Goxee HmsKouacToTHHX. llpu BBIXOnE
BOAYIIEro NEHTpPa — CHHYCOBOLO yala-— M3 CTPOA BCIEHCTBHe MH-
dapkra, paboraer naubonee GLICTPHIA 3aMACHBIA MCTOYHHK. JTO ONUH
13 npuMepos KoMIeHcamud, 0 KOTOpOH roBopmioch Ha c. 912,

JIeKTPOKAPIMOrpaMMa, iaeKTposHOedasorpaMma faoT uadopMa-
OO0 0 PACHPOCTPAHEHHHM ABTOBOAH B COOTBETCTBYIOIAX BO30YNHEMEIX
cpenax.
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IIpu paccmorpenmu peaxnouit Bemoycosa — tHafoTuHckoro Mor
BCTPETHINCH ¢ MCTOUHAKAMH BOJH ABYX THIOB — ¢ BEAYIIMMH I€HT~
paMu (5X0), MOCHLIAWUIMME KOHIleHNTPAYECKHe BOJAHE, U ¢ pesepbe-
paropaMu — BPAlIAOIIMMACA CHUpaAbHbiMu Bosuamu (em. pue. 16.4
7 16.6). BosunxHoBemue ¥ nociaejaylonee pasMHoKeHme pesepOepa-
TOPOB UrpaeT BAKHEHIYI0 pOib B MexaHuaMe Pubpusssyuu — Bech-
Ma omacuoil cepueunoit apurmun (HpuHekuit u Msamnoruit). Apor-
MHA 03HAYAET HApYLIEHWEe CUMXPOHM3ANUA PACHPOCTPAHEHHA BOIH
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Pnec. 16.17. TpamcdopManma puTMa B ABYMEePHOH HEOIHOpPOAHOH cpene: A —
paclipefiefieHne pePparTepuocTr (Tr; >> Trg), U — Pa3pnis (PPOHTA BONHLL ay

B CepIevHOl MBIIINE — BMECTO CHHXDOHHBIX COKpalleHUIl BO3HUKAIOT
Gecropafovnble KOJNBIXAHAA M opranmam Ooicrpo normbaer, ecam me
nposejiera MeuOpUIIANAA.

Pesepfepatop B ONHOPOAHON HBYMEpPHOH CHCTeMe BO3HHKAET, HA~
OpAMep, NP HAMHYAM OTBEPCTHA, HEpPUMETpP KOTOPOLO UpeBHIaer
IJIUHY BOXHBL A =UTp (V— CKOPOCTH DACOpOCTPAHEHWUA BOJHEL).
Iupkynanus somHsl po36ympenua (pesepbeparTop) BoaMOMEA U B
HenpepHBHOA cpene, HEOAHOPONHOI no pedparteproctu. Ecinu s ne-
KOTOPYIO 0D3acTs cpefinl, MMeomyo (OopMy HKOIbHA, IOCAATH HM-~
OyJabC, TO OH He OyJeT NUPKYJIHPOBATH, TAK KaK BONHBL B030y:Kae-
HUA, PACUpPOCTPaHAWUINECH N[O YAaCOBOH CTpesKe W NOPOTHB Hee,
BCTPETATCA M moracaT apyr Apyra. Ofmako ecin ped)pakTepHOCTh He
BCIOIY OJIMHAKOBA, TO NMUPKYNAUWA BO3HUKHET BCIeACTBUe Tpancdop-
Manuy puTMA.

Ha puc. 16.17 mokasana meoMHOpOANAA Cpelia, COCTOAMAA U3
ABYX obsacrefl ¢ pasnHUalOMUMHUCA NCPHOTaMIl pedpaKTEePHOCTH Tg,
B Tre. UbrepBan Al Menay AByMs nocieqoBaTelLHBIMW BOMHAMH @,
U G, TAKOB, 9TO BOJIHA d; HE MOKET BO3OYIHTH O6MACTH € Tra > Tai.
Bosnugraer paspois QpoHTA BOMELI 4;. PedpaxTepHbhi «XBOCTY» HMeer
66mpmy0 pauny B obmacta 2, uem B I. Tpadcdopmanma pmTMa Cco-
CTOUT B BHINAJEHHH BTOPOI0 AMIYILCA.

PesepGepaTop BO3HEKAeT npu KouTakre QpoHTa BOAHE ¢ TKAHBIO,
HaXOHAmENCA B COCTOAHMU NoKod. Taxas cATyaguA cosfaeTcsd, Ha-
npumep, serpesnoi sommoit b (pme. 16.18,a). Boamm a4, m b racar
IPYT ApYra, H BOJHA 4, IIEPEXOANT B HPABYIO NOIYIIIOCKOCTH B BHMS
poxykpyra (pme. 16.18, ¢), a satem, MunHoBaB cBOil «pedparTepusIil
XBOCT», DEPEXONUT B JIEBYI0 NONYILIOCKOCIL. 11yTh SaMEIXaeTcs w
oGpasyerca pesepbepatop (puc. 16.18,2).
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B onuopoguoii cpee mepmoj BONH, HOCHIAEMHEX peBepbepaTopoM,
PaBeH Tz, W peBepbepaTop cymecTByeT HeorpaHMuYeHHO Xoaro. Ecam
O BO3HUK HA TIpanuiie [BYX ofmacreil ¢ pasiuvyalONAMUCA Tg, TO
€ro BpeMs JKU3HM KOHEYHO M TeM MeHbIIe, 4eM 60115]]18 HEOIHOPOX:
HOCTb.

PesepbepaTopsl MOTVT CaMd CHY;KHTh UCTOYHUKAMH BOJH BBICO-
Koil 4ACTOTHI, BHI3LIBAOINMX IIOABIEHHE HOBHIX peBepGepaTopoB.
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Puc. 16.18. Bosaurucsenue pesepbeparopa B HeOJHODOXHO#E cpene: a, 6, 8 —
TOCTejoBaTelblible CTajili, ¢ — peBepbepaTop

WupiMu caoBaMM, BO3MOKHO pa3MHO:KeHue peBepOepartopoB. B meopn-
" mopopnoil cpefe pesepOepaTopnhl IOCHLIAIOT BOJHBL € Pa3iMYHBEIME
T[aCTOTAMU M HE CHHXpOHU3YIOTcA, Eciim HOBBIE HCTOYHUKH BOIH
POMKAAIOTCH dalle, 9eM MCYE3AIT cTaphie, TO HaOIOgaeTcd CHOMKHAA
KapTuHa, noxobuas GuOpmLIANIL.

Ilpyroii mcTouyHUK BOJNH — eedywite yenrpsl, unm szxo. Ecau no-
71aThb HECKOJILKO MMIOYJBCOB HA HEONHOPOLHOE 110 pedpaKTepHOCTH
BOJOKHO, TO Ha HECGJHOPOJNHOCTH MOABIAIOTCH HOBBIE UMIYIbCH, Oe-
Tynmiue 110 BOJIOKHY, U JIMIIb No3gHee HACTYIAET COCTOSHAE I1OKOA.
Bosnauxmine umnyiascsl MOROOHLI OTPAKEHHBIM OT HEOJHOPOSHOCTH,
KoTopasi paccMmarpiiBaeTca Kak mcrounHk sxa. llokasamo, dT0 9x0
MOKET HOABILATLCA B CpefaX, AaA woropuix t/1x>>0,5. PenepGepa-
TOp eCTh UCTOYHHK HMITYJIbLCOB, KOTOpHI MOKeT CYIeCTBOBATh B Cpe-
‘e n npu t/tx > 0,5. Ilyrn, mo KoTopsiM BO3OYIKIeHUe MepexoguT U3
obnacrd ¢ MeuwpmM Tz B 0Omacrb ¢ OOapmuM Tp u oGpaTHO, Hpo-
CTPAHCTBEHHO pasjlefieHb, HO CONMKAITCA P YBeIHMYeHHH T/Tx ¥
npu t/1x =0, coegunmorcsa. Tem CaMBIM 3X0 ecTh pesepOepatop ©
TIpefeabHol, HyJdeBoil gauHo#. JX0 W peseplepaTop CXOFHEL KakK HC-
TOYHUKH MMOYABCOR M MOLYT OBITH mMpuinuaMu GuOpMILIANAH B He-
OJHOPORHBIX BO30YAHMBIX Cpejax.

B onexrpoduamonorum cocrosiHue cepaeiHONl TKAHM XapaKTepH-
3YeTcs Tak Has3bslBaeMoll 30HOU yA36UMOCTU. YA3BHMOCTH O03HAYAET
.TosBleHHe Oojee 9eM [BYX OTBETOB IIPM MOfAade HA IIOJOCKY MHO-
‘Kapna ABYX mMmnyiabcoB. lInpmuoil 30HB HA3bBIBAETCA JHANA30H MH-
TEPBAJOB MeMpay uUMIOyiascamMu Af, OpHm KOTOpHIX BOSHUKAET YsA3BH-
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Moctb. KpuHeKnil noKasan, 4T0 YA3BUMOCTh Ompefelfercsi mapaMer-
poM t'= T/Tx; MIMpHHA 30HBl TEM MEHbINE, YeM MEHLIIEe T’.

B meomnopopmoit Bo30ynuMOM cpejile BO3HMKINMI MCTOUHUR BOIH,
b6yne To 2X0 wiam pesepOeparop, MOMKET CAYIKUTH CTAMYIATOPOM JULT
sanyCKa HOBHIX MCTOYHUKOB BOMH. Ecius mapaMeTpsl cpedbl TaKOBHI,
qTG CKOPOCTEL «PA3MHOMKEHUA» HCTOTHUKOB HE MEHbLIE, YeM CKOpOCTI
X «yMupaHuA», To BoaMokHa ubpuaaanua. Hpn ssammoneiicraui
HEeCKONLKHUX MCTOYHHKOB [WIMTEILHOCTHL PUOpIAnAmuu OnicTpo pacrer
¢ yseanuenuem 1. MUHUMaNLHOe YMCIO HCTOMHUKGB, cOCOOHOE BHI-
38arh PUOPWIIAGHIO JAHHOH JIIUTENLHOCTH, YMEHLIHAETCH ¢ YBEJH-
veanem 1’. OIBIT IOKaskIBaeT, UTo Ha IOGJOCKE TKAaHM MuoKapia
OubpriuInaa momer OBITHL ANHUTENLHOI, €CIU pa3Mephl IOJOCKH J0-
CTATOYHO BEAUKH, T. €, UMEEeTcA HeKoTopas KPUTUHECKAS MACCa TIIA
ubpmananuu. Uncno mcrounukos, obecneumpaioiee Gubpmiasanuio,
SABJIAETCA aHAJOrOM KPUTHYECKOH Macehl

Taxnm o6pasom, Geapasmepubiii mapameTp T° ABIAAETCA BaKHOIL
XapaKTepUCTUKo# B030yguMoil cpejwl, onpelenswomeil pe:xum ¢$ubd-
PIUIANME U BpeMs ero CymecTBOBaHMUAL.

IlpumennTennHo ¥ cepaeynHoll MuIINe HYKHo HaifiTH amamor Be-
JMYMHH T, BHPAKAOMUA FIMTEILHOCTL BO3GYIRIAEHHOTO COCTOSHUS,
KOTOPHIL MOKHO M3MEPUTh JJIEKTPOPHINOIOTMIECKUMA METOJaMM.
B xauecrse Takoil BeJHUMHEI BBOLUTCA BPEeMA BO3ZHUKHOBENNA OTBe-
Ta HA IOJaBaeMEIH WUMOyALC, T. e. JaTeHTHbH nepnopn 8. llzsecrno,
9T0 YeM MEeHLIIe AMIUINTY[a WMIYILCA, TEM I03;Ke MOABIAETCH OT-
Ber. Bennauna 0 3aBucut oT BpeMenw ¢, nmpoimejuiero nocie mocief-
Hero so30y:KAeHuA KIeTKM K MOMEHTY NpHXxoda cruMyna. Cymectsy-
eT MaKCcuMmalhuad 3afiepsKKa On,.., T. €. OTBET He NOABIAETCA IIpH
nojmoporosoil ammauryje mmnoyianca A < Agn u npu §{<<tn.. Ta-
KoM ofpasoM, Qynknua 0O(f) onnmcniBaeT pacnpocTpaHenue Bo30yswE-
nenud. TeopeTHueckril aAHaJIU3 MOKAa3LIBAET, UTO KaK{OMY 3HaYeHHIO
0 oTBewaloT nBa 3HaYEHMA CKOPOCTH PACIHPOCTPaHEHUT BO3OYIKACHUA.
Béubmas cxopocTh Xapakrepusyer YCTOHIMBHI NMPOLECC TOPEHUAY,
MeHLIIAd — HeyCTOHuuBLIH, «Taenue», He malilogaeMoe Npi mepuo~
JUY9eCKoM CJEJOBAaHUU HMIOYJILCOB B cramuoHapHoM pemume. llpnm
YBeIMUYEHUH YACTOTHI CIEJOBAHMA HMIYILCOB MEHLIIAA CKOpOCTh
Bospacraer, a Oosnpmas yMmMenpmaerca. Ilpm mannmeitmeM nosbime-
HHJ 49acCToThI 00e CKOPOCTH COBHAajalOT, PEKNM CTAHOBUTCH HECTa-
OUOHAPHHIM W NPOMCXOANT HapylIeHHWe MepHoJUTHOCTY W BHIIANEHHE
AMIYJILCOB.

Bosunuxnosenue pescpGepaTopos obierdaeTcss Hpum  YBETUE HUIL
napamerpa Omay/te. Ecium stor mapamerp Gounme 0,3, BO3MOMKHO Bo3-
HUKHOBEHUE® MCTOTHUKOB HXa.

Taxum oOpasoMm, yA3BEMOCTL Cepnedmoii MEIIINH oLpeRelseTcs
Benmundow 0/t [Ipumensemiie B mMemqumuHe aHTHApPHTMHUUECKHUE Be-
mecTsa, KePUOPWLIATOPE!, BAMIIT MMEHHO Ha HTOT Hapamerp. BDam-
HBIA U1 OPAKTUKM DE3yIhTAT TEOPeTHIeCKOr0 MCCIAeROBAHIA COCTO-
AT B TOM, 4TO HaiifieHs! (U3HUIeCKHWe KpUTEPUH AHTHAPHTMOTEHHBIX
BO3J[eMCTBUMH, KOTOPEIE MOTYyT M3YYaTECH HA THKAWEBBIX MONeJNAX OYy-

' reM onpefeneHEA mX BaAnAHUA HA 0/ta. Ha Tex ke ocmoBammsax mc-
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caepyiorea akTopby, Be3BIBalOmue gubpmamanuo. JleficrBurensHo,
VIAJ0Ch MOKAa3aTh HKCIEPUMEHTAIBHO, YTO BEINeCTBA, YMEHbIIAKINUe
0/7tr, 06:12aF0T AHTHAPHTMHYECKNM [eHCTBHEM, a BEIIECTBA, yBEIH-
yuawmue 6/1z, CHOCOGCTBYIOT BOSHMKHOBGHNIO CEpPACYHHIX apHT-
Mufi, B COOTBETCTBUU ¢ TeM, 4TO B MOJEIAX BO3OYAUMEIX cpeq
yMenpmelnite 6/Tz 3arpyaHsger BO3HUKHOBelllie HCTOYHUKOB BOXH —
»xa m peBepOepaTopoB.

JeranrpHoe KONHYECTBEHHOE paccMOTpeHHe 3THX ABIGHHN IpoBe-
AeHOo C MOMOINBI) MOMENH NMepenadd BO3GY:KIEHUA MO cHCTeMe ek~
TPUYECKH CBA3AHHBIX KIETOK. AHAanm3 nOBEJEHNA MOAeldd OCHOBAH
na MeTo7le )azoBBIX NMOPTPETOB.

Teopua pubpuINADUI cepaeIHOR METIINE, UCXONAIAA U3 00mUX
moJiosKeHnil QUIHKM HEeJNHHEWHBIX KoJeGaTeJbHBIX CHCTEM, ABJIAETCA
NpeKpacHBIM NMPUMepoM OHO(PU3UYECKOr0 HCCIe[0BAHUA, NOBeJeHHOTro
JI0 BamKHBIX NPAKTHYECKHX NpUIOKeHWH., 3a/a9M TaTO()U3MOIOTHH
yeTko $OpMYyJIUpYIOTCA 37€Ch Kak (Puamyeckde npoOiaembl. Mbl BH-
nuar, 910 pusNdecKni mofXoxn K PUsHomormvteckum npobaemam obec-
me4YuBaeT CIPOTOCTh u OOIIHOCTH aHaxuW3a, HajgemHoe oDocHOBaHUe

[I0JyIaeMBIX BEIBOJIOB,



