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1. BeeoeHue 

lloceJIUiaetllcR cee•Aoil naMJJ•u 
tPeoopa Jl~>eoeu<~a IHAIIHPO 

B 3l<CDepBMeHTax 4».11. manHpo c COTPY.llHHKaMH I I/ B Hel<OTOPhiX 

cny'la.llx 6Yna o6aapy)l(elfa aaoMaJJLHo 6hJcTpa.ll yTe'II<a YJJLTpa

xono.llHhiX aeiiTpoaoa /YXH/ B3 nosyweK. O.llHa H3 B03MO>KHhlx 

npH'IBH 3Toro .IIBJJeHB.II - aarpesaase YXH 3BYKOBhiMB Kone6aHH.IIMH 

cTeHOK noaywKB. MexaaB3M aarpeBaHH.II MO)I(eT 6hJTL .llBO.IIKHM. 

llpH aMOJIRTY.lle KOJJe6aHB.II CTeHOK, 3Ha'IBTeJILHO npeBhiWaiOIQei 

rny6HHY DpOHBKHOBeHB.II HeiiTpoaa BHYTPL BeiQeCTBa, npouecc 

pacce.IIHB.II HeftTpOHa CTeHKOH paccMaTpRBaeTCJI KJJaCCH'IeCKR, T.e. 

HeihpOH C'IBTaeTCJI ynpyrRM wapBKOM. llpB 3TOM aarpeB HeiTPOHa 

ODpe,lleJJ.IIeTCJI Cl<OpOCTLIO CTeHKH B TO'Il<e COy,llapeHB.II. ECJJH >Ke 

aMOJIRTY.lla KOJJe6aHBi MeHLIUe rny6BHhl DpOHRKHOBeHBJI HeiTpOHa 

BHYTPL aemecTBa, TO npouecc pacce.IIHH.II aeo6XO.llBMO paccMaTpu

aaTL KBaHTOBOMeXaHH'IeCKB. llpB 3TOM HarpeB HeiTpOHa ODpe,lleJJJI· 

eTc.ll 'lacTOToi w Kone6aHB.II cTeHKB. KpoMe Toro, B 3aBBCBMOCTH 

OT BeJJH'IHHhl aMDJIRTY.llhl vf - CKOpOCTH KOJJe6aHRJI BJIH w ·1.faCTO· 

Thl· Kone6aauA cTeHKB aarpeaaaue YXH .llO cKopocTH, npeBYwaromeii 

rpaHR'IHYIO * V r, MO)I(eT DpOBCXO,llHTL JJB6o B pe3YJJLTaTe O,llHO" 

KpaTHOrO COy,llapeHH.II, JJB60 B pe3yJJLTaTe MHOl'OKpaTHhJX COf,llape· 

HHD CO CTeHKaMH. llepBhJi CJJy'lai MO>KeT peaJJH30BaTLCJI TOJILKO 
2 2 

mvr mvr 
npu w > -'"""2h"" HJJB v 0 > tr , a BTopoii - npu w « -y;;--_ HJJB 

. /~ . 
v0 << Vr· B 3KCDepBMeHTaX B OCHOBHOM BWDOJIH.IIJIHCL OOCJJe.llHBe 

YCJJOBB.II /eM. §5/. ll03TOMY HaH60JJLWBB BHTepec npe,llCTaBJJ.IIeT 

BTopoi cnyqai; I<Or,lla Harpesaaue YXH npoucxo,llHT nyTeM MHoro

KpaTawx B3Meaeauii 3Heprau, u ero MO)I(HO paccMaTpBBaTL I<ai< 

npouecc cnyqaftai.lx 6ni)K.Qauai aeiTpoaoa B.llOJJL wi<anw ct<opocTeA 

.llO TeX. nop; riOI<a RX Cl<OpOCTL He npeB30i.lleT VI' • llpOCTWe I<a'leCT· 

* To eCT'I. M41<CRMAJILHYJO Cl<OpOCTL, npB KOTopoi HeiTpOH He 
MO)I(eT BioliTH. 83 JIOJ;lYIDI<B 6e3 DpB06peTeHBJI 3HeprBB; .llJIJI 60JJL• 
WBHCTBa BeiQeCTB, BCDOJIL3yeMWX ,llJIJI R3l'OTOBJJeHBJI JIOBywei<, 
VI' "' 5+7 M/Cel<. 



Be.tJHble O~CHKH, KOTOpble 6y.llyT B HaCTOJimeH pa6oTe nO,llKpenJICHbl 
cTporuM pac'leTOM, noKa3biBaJOT, 'ITO cpe.nuee speMJI TaKux 6Jiy:lK
.nauuii .llJlJI nepexo.na ueiTpoua OT ueKoTopoii cKopocTu v K 

vr ,llOJl:lKHO 6b1Tb nop.ll,llKa 
Vr -V 
---e 

V2 
r.ne f - cpe,llHHH nyTb 

0 

ueiTpoua B nosywKe. 0Tcro.na, nonara.11 cneKTP YXH MaKcsennos
CKHM /To ecTb noT OK ueiTpouos ¢(v)"' v 3 /, .llJlJI speMeHH :lKH3HH 

vrf 
YXH B nosywKe nonyqaeM t 

1 
"' -2 

v 
B qacTuocTu, ,llJlJI 

0 

o6'bJicueuuJI pe3yJibTaTOB 3KcnepuMeHTa I 11 uy:lKHO, 'IT06bl v0 "' 

"' 10 cM/ceK. KaK cne.nyeT H3 o6cy>K.neuHJI /eM. §5/, no.no6uble 
CKOpOCTH, B npHH~Hne, MOryT B03HHKaTb B pe3yJlbTaTe y.napOB 
KJianaHOB 0 CTCHKH JlOBYWKH. 

2. YpaaHeHue 6aAaHca HeiimpoHoa a AOBYUIKe 

llycTb N (;.: ;;, t) - nJIOTHOCTb ueiTpouos, T. e. 'IHCJIO ueiiTpouos 
B e.nHHH'IHOM 4!a30BOM 06'beMe B6J1H3H TO'IKH 1 H CKOpOCTH ~ B 
MOMeHT BpeMeHH t , H W (r, t; V -+ ~')d;' -sepO.IITHOCTb TO-

u ... 

ro, 'ITO HeHTpOH CO CKOpOCTbJO V B pe3yJlbTaTe CTOJlKHOBCHHJI 
C nosepXHOCTbJO JlOBXWKH B TO'IKe T B MOMeHT t nona.naeT B HH

u ( , ... , d ... ,l 
TepBaJI CKOpOCTeH v , V + V 1> npH'IeM 

fW(;, t;;; ... ;')d;;' = 1. /1/ 

H3Meueuue nonuoro 'IHCJia ueihpouos B nosywKe 3a speMJI 
dt B HHTepBaJie CKOpOCTei (v, V + dv) paBHO 

d t d iJ J d S I J d-; ' ( ~ 
0 

if') N (!, if', t) W ( -;, t; ;;, ... ;; ) - ( ; 0 ;;) N ( ;', ;;, t )I 

r.ne d 5 - 3JleMeHT nosepXHOCTH CTeHKH, pacnOJIO>KeHHbiB B TO 'IKe 
r, H rt

0 
- BHeWHJIJI HOpMaJlb K nosepXHOCTH. 2 

mvi" 

B paccMaTpusaeMOM uaMH cnyqae ( v0 « vr u w << --) 
2h 

cpe.nuee H3MeHeHHe CKOpOCTH HeiiTpOHa npH O,llHOM CTOJlKHOBeHHH 
MaJIO, H cymecTBeHHble H3MeHeHHJI nJIOTHOCTH HeiiTpOHOB npOHCXO,IJ;JIT 
Ja nepHO.llbl speMeuu, Muoro 6onLwue cpe.nuero speMeHH Me>K.llY 
CTOJlKHOBeHHJIMH. ll03TOMY C ,llOCTaTO'IHOB CTeneHbJO TO'IHOCTH 
MO>KHO C'IHTaTb, 'ITO nJIOTHOCTb ueiiTpOHOB O,llHOpO,llHa B npocTpau
CTBe. 

4 

\ 

I 
f. 

I 

KpoMe Toro, npe.nnoJIO>KHM, 'ITO nJIOTHOCTb ueiTpouos H30Tpon
ua. TaKoe npe.nnoJio>Keuue, B qacTHOCTH, cnpase.nnuso, ecnu no
sywxa HMeeT ,llOCTaTO'IHO CJlO:lKHYJO nosepXHOCTI>, TaK 'ITO HeiTpOH 
qepe3 ue6om.woe 'IHCJIO cTonxuoseuui "3a6blsaeT" uanpasneuue 
ua'laJILHOi cxopocTH. Tor.na MO:lKHO JanucaTL: 

N(t,i!,t) _ 
1 

( JN (;, J,t}dif = Jn(v, t)dv). 4.,v 2 n(v, t) 

CooTBeTcTseuuo HJMeueuue nonuoro 'IHCJia ueiTpouos B nosywxe 
Ja e.nuuu~y speMeHH B e.u;BHH'IHOM uuTepsane cxopocTei /no Mo.ny
nro/ y.u;o6uo npe.u;cTaBHTb B sa.ne 

an( v,t) s - - ' - I J d v 'v' n ( v ', t) lr ( v '-+ v) - v n ( v, t) I , 
4 

0 

v 
iJt 

r.ne V u S - o6'beM u nnoma.nL nosepxuocTH nosywxu, a W ( v ' ... v)
sepoJITHOCTb nepexo.na ueiTpoua a peJyJILTaTe coy.napeHHJI co CTeu
KOH OT CKOpOCTH v' B HHTepBaJl CKOpOCTeH B6J1H3B v . flpH'IeM 
:na sepo.IITHOCTL ycpe.nueua no nosepxuocTH nosywxu, npouuTerpa
posaua no yrnaM na.u;euu.11, ycpe.nueua no yrnaM oTpa>KeHBJI ueATpoua 
u no nepuo.ny T xone6auu8: 

2 v ......, -+ _. -+ T+t -+ _.. -+ 

lf(v'-+ v)= --.- J dSfdO.JdO.'(n0 0.') f dtlr(r,t; v'-+v). 
'IrS 1 I 

... ... , 
v ... v 

(0.=-,0.'=-) 
v v' 

/2/ 

Cornacuo /1/ 

Jll'(v' ... v)dv = 1. /3/ 

llepeXO,IJ;JI K HOBOHDepeMeHHOi ~(v,t) = vn(v, t) /xapaKTepBJy-

JOmeA noTox ueATpouos/ a y'IHTbiBaJJ, 'ITo 4V IS = t , r.ne :e ~ 
cpe.u;uu .llJI&Ha npo6era /noaywxa npe.nnonaraeTcJI sblnyxnoA/, no-
JJY'IBM: 

!.. a~(v,t}=fdv' ~(v',t)lr-::-(v'-+v)-~(v,t}. /4/ 
v ae 0 

5 
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3TO ypaBHCHHe MO)I(HO CYI.I.ICCTBCHHO ynpOCTHTb, CCJIH yqecTb, qTo 

6naro,napJI YCJIOBHIO v 0 << Vp _4JyHKU:HJI cfl(v', t) MRJlO OTJIHqaeTCJI 

OT cfl(v, t) B o6naCTH, r,ne W(v'->v) 3RMCTHO OTJlHqHa OT HYJIJI. 

floJTOMY, paJnaraJI cfl( v: t) s 141 B pJI.LJ; no CTeneHJIM v '- v H or

pauHqHsaJICb nepBhlMH TpeMJI qJJeHaMH paJJIO)I(CHHJI *, uaxo,nHM: 

acfl(v,t) a 
2

cfl(v,t) 

a v 2 151 
f d¢(~:l_=M (v)cfl(v,t)+MI(v) ----- 0 
v d t av +M2 (v) 

M (v) = Jdv'IT(v'->v) -1, 
0 

0 

1 00 
2 

M
2

(v) =- [ (v'-v) W(v'-> 
2 . 

0 

00 

M 1 (v) = J ( v'- v) IT' (v '-> v) d v ', 
0 

v)dv'. 
161 

YpasueuHe 151 HMeeT e,nHHCTBeHHoe peweuue, ecnu Ja,naHbi ua

qaJibHOe pacnpe.neneuue ueihpouos cf> ( v, 0) H .naa rpauuqHbiX yc

JlOBHJI; ITOCJle,nHHe CCTCCTBCHHO Bb16paTb B BH,ne IYCJIOBHe cfl (O,t)=O 
OJHaqaeT uenpepbiBHOCTb <iJYHKU:HH n = -.!.. npH v ... 0 I 

v 

cfJ ( 0 , t) = cfJ (VI' , t) = 0 . 171 
Cne,nyiOI.I.IHC paJ,nCJlbl ITOCBJII.I.ICHbl OTbiCKaHHIO H auamtJy 3TOrO 

peWCHHJI npH KOHKpeTHbiX npe,nnOJIO)I(CHHJIX 0 XapaKTepe CTOJIKHO

BCHHH ueiiTpouoo co CTeuxoii. 

3. BepoRmHocmb nepexooa 

B KJiaccuqecxoM cnyqae oepoJITHOCTb nepexo.na W(7, t; v ... -> v ... ') 
onpe,nenJieTcJI JaxouaMH ynpyroro y,napa: 

w (r~ t; if ... if') = 0 [ii'- ~, + 21:0 u(t) + 21:0 (1:0 V'')] , 
181 

... 
r,ne U - CKOpOCTb CTCHKH B TOqKe r B MOMCHT BpeMeHH 

B qacTHOM cnyqae rapMOHHqecxoro .noH)I(CHHJI 

.,, Kax 6y,neT BH,nHo H3 .nanbHeiiwero, o ypaoueuue 6anauca 
HeiiTpOHOB DCC 3TH qJICHbl .LJ;aiOT BKJia,n nepooro DOpJI,nKa MaJIOCTH 

2 
OTHOCHTCJlbHO VI) , B TO BpCMJI KaK OTfipOWCHHbiC qJICHbl HMCIOT 

nopJI,noK v 4 
H BbiWe. 

I) 

6 

t 

r 
I 
~: 

t~f 

J ,. 
"'" 

u ( t) = v 
0 

cos ( w t + ¢
0 

) • 191 

llo,ncTaBJIJIJI 121, 181 H 191 B 161, DOCJle npOCTbiX, HO ,nOBOJlbHO 

rpOM03,nKHX BbiKJia,nOK DOJlyqHM: 

Mo 

2 
1 vo 

2 v2 

2 

1 vo M 
--, 2 M1 = - 2 v 

1 2 
-v 
2 0 

IIOI 

AuanoruqHbie peJyJibTaTbi nonyqaiOTCJI H npH npoHJBOJlbHoii JaoH-
~ ~ 1 2 

CHMOCTH U OT t C TOH JlHWb pa3HHU:CH, qTo no_n 2 V 
0 

cne,nyeT 

DOHHMaTb cpe,nHHH KBa.LJ;paT CKOpOCTH CTCHKH. 

B KBRHTOBOH MeXaHHKe oepOJITHOCTb nepexo,na If ( /, l; ;; ... I!') 
onpe.nenJieTcH ypaoueuHeM illpe.nuurepa 

2m a 
[i- -+ 

h at 
A- U(;,t)]IJI(;,t) 0, 

... 
r,ne IJI Co,nep)I(HT na,naiOI.I.IYIO BOJIHY C BOJlHOBbiM BCKTOPOM k0 = 

_, 
mv 

h 
H BOJlHbl, OTpa)I(CHHbiC OT ITOBepXHOCTH C BOJlHOBbiMH BCKTOpRMH 
...... ....., 4 

k ~ ~ . lloTeHu;Han U( r, t) HMeeT BH,n cTyneHbKH, paouoii 1 11 N b 
h 

BHYTPH cpe.LJ;bl, H uyn10 - cuapy)I(H IN - qHcno s.nep o e.nuuuu:e 

06'beMa, b - KOrepeHTHaH aMDJlHTy,na pacceHHHH Ha O,nHOM H,npel. 

Ero JaBHCHMOCTb oT opeMeHHo6ycnoaneua, oo-nepBbix, HJMeH~HH
eM N = N0 [1- v (ri'. t) I npu npoxo)l(,neuHH Joyxoooii oonubl ;u-;, t) 

- CMCI.I.IeHHe Toqex cpe,nbJ OTHOCHTCJlbHO DOJlO)I(eHHH paBHOBeCHH B 

MOMCHT t / H, BO-BTOpbiX, ,nBH)I(CHHeM DOBepXHOCTH, KOTOpoe ODH

CbiBaeTCH ypaBHCHHeM 

_, _,. _, 
z ,. ~ ( p, t) = ., z ( p, t) . 

r,ne p = (X, y ). ITipe,nnonaraeTCH, qTo B OTCYTCTBHC JBYKOBOB 

BOJlHbl nooepXHOCTb ODHCbJBaeTCH ypaBHCHHCM Z ~ 0 H cpe.LJ;a JaHH

MaeT nonynpocTpaHCTBO z > 0 I. O.nuaxo .nnuua 3BYKOBbiX oonu 

JuaquTeJibHO npeoocxo.nHT .nnuuy oonHbl ueiiTpoua H rny6uuy ero 

npouuxuooeHHH ouyTpb cpe,nbl.lloJTOMY Jljl<iJexToM H3MeHeHHH N 
MO)J(HO npeue6peqb, llo TOH )I(C npHqHHe MO)I(HO npeue6peqb J$4Jex

TaMH, CBHJaHHbiMH C 3aBHCHMOCTbiO ~ OT p · B peJyJlbTaTe no

TCHU:HaJI {.' ( r: t) npc,ncTaBHM B BH.Ue 

U(r.t) = U
0 

O(z) -1 8U(z,t), 

a u r z, t J = u 
0 

I e [ z - U t)] - e ( z)l , 

7 



u = 4 TTN Db ' () ( x) ·(: 
X > 0 • 

npH X< 0, 

npH 

COOTBeTCTBeHHO npH CTOnKHOBeHHH H~BTpOHa CO CTeHKOB KOMno· 
HeHTbl ero CKOpOCTH B nnOCKOCTH CTeHKH He MeHJIIOTCJI: 

-+ -+ -+· -+ 
W(v-+ v') = 8(vp- vp )W1 (vz-+ v'z ), 

-> -> -> -> -> -> , 
v = v - n v v' =~ n v' + v p 0 % ' p 0 % 

v = lirn" I ' 
v, = 1-;' ; I 

% 0 % 0 

H 3a,Aa'fa cao,AHTCJI K pac'feTy aepoJITHOCTH nepexq,Aa W1 ( v z -+ v: ) 
,An.R O,AHOMepHOrO ,ABH>KeHH.R. 

llOCKOni•KY B KBaHTOBOMeXaHH'feCKOM cnyqae HaC HHTepecyJOT 
Kone6aHHJI, aMnnHTy,Aa KOTOpbiX /TO eCTb o6naCTb, r,Ae 8 U OTnH'fHa 
OT Hyn.R/ MHOrO MeHbWe ,AnHHbl BOnHbl HeBTpOHa H rny6HHbl ero 
npOHHKHOBeHH.R BHyTpb cpe,Abl, BenH'fHHY 8U MO>KHO TpaKTOBaTb 
KaK Manoe B03My~eHHe. PaCCMOTPHM CHa'fana cnyqaa rapMOHH'fe· 
CKH>> KOne6aHHB C'I'~HKH: 

u t; = e 
0

cos r w t - , o; . 

B pe3ynLTaTe cTaH,AapTHOB npoue.AYPLI B nepaoM nop.R,AKe TeopHH 
B03My~eHHB HMeeM: --- ---

W (v -+V' )=[1- a
2
(y1+TJ+v1-TJ)]8(v%-v'%) + 

J % % 

2---
+ a y1 + TJ 8(t•; -v., 

' 2--
y1 + TJ) +a ..j1- TJ 8(v:-v., y1-TJ ); 

a= eomv.,/h, TJ = 

2hw 

2 
mv 

z 

0TGtO,Aa HeTPY.AHO nonyqHTb K034M)IHuHeHTbl M; /6/: 
2 

'3 v 0 
M =--~2' 

0 2 v 
M; =-_!. v: 

2 
-~·v 

v 2 ' 

1 2 
M2=2vo' /11/ 

r,Ae Vo =w go • aMnnHTy,Aa CKOpOCTH KOne6aHH.R CTeHKH. 3TH Bbl" 
pa>KeHH.R nerxo o6o6~aJOTCJI ua cnyqau npoH3BOnbHLIX xone6auui 
CTeHKH; npH 3TOM TaK >Ke, KaK H B KnaCCB'feCKOM cnyqae, fiO,A 

2 
v 

2 0 
Cne,AyeT fiOHHMaTb cpe,AHBH KBa,ApaT CKOpOCTH CTeHKH. 

.,. 

I 

l \ 

I 

I 
) 
~ 
1 

' ~ 

8 

4. PeweHue ypaaHeHUJI 6aAaHca 

Ypaaueuae /5/ ,AnJI noToxa ueiTpouoa ~ ( v, t) a a xnacCa'fe· 
CKOM, H KBaHTOBOM cny'faJIX MO>KeT 6b1Tb npHBe,AeHO COrnaCHO 
/10/ H /11/ K BH.AY 

2 

1 a~(x,r} A a~(x, r) a ~ ( x, r) 
- =- ~{x, r) ~ A----. + x --~, 

/12/ 4 ar X ax ax 

r,Ae 

2 
X = v/v r ' 

r=t/t 0 , t 0 = Bf vr I v 
0 

, 

a xo34M)IuuueHT A npHHBMaeT 3Ha'feuae 1 B xnaccuqecxoM cnyqae 
H 3 • B xaaHTOBOM. Peweuue 3Toro ypaaueHH.R, o6pa~a10~eec.R 
B Hynb npH X = 0 B X = 1 , MO>KeT 6b1Tb npe,ACTaBneHO p.R,AOM 

~(x,r) x a I. 8711 
711 

1 

2 
-z T 

e 711 

I (z ..jx) 
JJ m 

fv+l(z,.) 

r,Ae a= 2(1 +A), JJ = 11-A I' fv ( x) • !liYHKUB.R Iieccen.R, z 711 eCTb 
xopeHb ypaaHeHB.R fv ( z 711 ) = 0 , a xo J!ll!llauueHTbl B 

711 
onpe,Ae • 

n.RJOTC.R qepe3 uaqanLHoe pacnpe,Aeneuue ~ ( x, 0): 

8711 
I ~ (x, 0) _!..::_( z711..jx) dx 

I JJ+ J ( z m) x a /13/ 

Pacnpe,Aeneuue ~ r x, r) no3aon.ReT nerxo onpe,AenHTb, xax y6w· 
aaeT co apeMeHeM nonuoe 'fBcno ueiiTpouoa B noaywxe: 

n(t) I 
0 

~(X, T) 
---dx 

X 

2 
2 -z r 

I,'......-..e m B 
711 z 711 

711 

/14/ 

qT06bl onpe,AenHTb B m ' Ha,AO 3a,AaTbC.R BH,AOM ~( x,O). lloiro>KHM, 
'ITO <I> ( v, 0) onucLiaaeTcJI OTpe3KOM Maxcaennoacxoro cnexTpa 

9 



<ll ( L', O) 
3 v 

3 

--
3
-0(v 8 -v) 

v H 

3 
X 

3--3 0f(3-x}, 
(3 

r.ne 0 (z) - cTyneu"'aTa.ll cllYHKUH.II, pasua.11 1 npu z :2 0 u uymo 

npu z < 0, f3 =, vH /vr. B 3TOM cny"'ae cornacuo /13/ s paMxax 

xnaccuqecxoro onucaHH.II fa = 1 , v = 0) 

6 8 
B = -(-- 1) 

"' p p 2 

J 3 (p) 

J ( z ) 
1 "' 

r = z,. vf3 . 
flpH KSaHTOSOMeXaHH"'eCKOM OflHCaHHH (a 

u = 
"' 

6 

(3p 

13 (p) 

1 ( z ) 
3 

2 ' 1/ = 2) 

4>yHKUHll n ft) npe.ncTasneua ua pucyuxe 1 s 4-x sapuaHTaxo Kpu

Sble 1 H 2 OTBe"'aiOT KJlaCCH"'eCKOMY CJly"'aiO, a KpHBble 3 H 4 -

xsaHTOSOMY 0 KpHBblM 1 H 3 cooTBeTcTsyeT napaMeTp (3 = I , a xpu

BbiM 2 H 4 - napaMeTp li = 1/2.flpH 6onbWHX speMeuax nose.neuue 

n (t) onHCbiBaeTC.II nepsbiM "'JleHOM p.11.na /14/: n(t)"' exp f-tlttl, 

r .ne t, = 8 vr fIr:: 1
2 v c?) · B xnaccu"'eCKOM cnyqae 

tl "' 1,4 
v rY 

v2 
0 

a S KSaHTOBOMeXaHH"'eCKOM 

vr y 
tl"' 0,3 --2-. 

vo 

/15/ 

/16/ 

llyHKTHpOM Ha pHCYHKe flOKa3aHbl aCHMflTOTbl KO seeM 4-M KpH-

SblM 0 Bu.nHo, "'TO nose.neuue n ( t) MO>KHO onucblsa Tb 3KcnoHeH

uuanbuoii 3asucHMOCTbiO y>Ke qepe3 speM.II t "' O,R t 1 . 

HHTepeCHO OTMeTHTb, "'TO, XOTJI KSaHTOSOMeXaHH"'eCKHB H KJlac

CH"'eCKHB pac"'eTbl SflOJlHeHbl ,llJl.ll npOTHSOflOJlO>KHblX npe,neJlbHbiX 

CJly"'aeB OTHOWeHHJI rny6HHbl npOHHKHOSeHHll HeiiTpOHa SHyTpb 

cpe,Ubl K aMflJlHTy,ne KOne6aHH.II CTeHKH, OHH ,UaiOT Bblpa>KeHH.II ,UJl.ll 

t 
1 

, He CHJlbHO OTJlH"'aiOIUHeCJI ,npyr OT ,npyra, a TaK>Ke OT OUeHKH, 

npuae.neHHoii ao aae.neHHHo 
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qaCTO npH OflHCaHHH pe3yJlbTaTOB 3KCnepHMeHTa flOJlb3YIOTCll 

He BeJlH"'HHOH t1 , KOTOpa.ll 3aBit:CHT OT reOMeTpH"'eCKHX pa3MepoB 

JlOBYWKH, a cpe,UHHM "'HCJlOM CTOJlKHOSeHHH HeHTPOHOB .UO Harpesa

HH.II BbiWe rpaHH"'HOH CKOpOCTH: 

t 1 vr vr 2 
(-) 

vo 
1/ = 

£ 

Hu>Ke .nn.11 oueuxu sxna.na 3syxoablx xone6auuii: s uarpeaauue 

HeHTpOHOB Mbl 6y,neM fl0Jlb30BaTbC.II HMeHHO napaMeTpOM 1.1 o 

So 06cyJK:oenue 

PaCCMOTpBM B03MO>KHble HCTO"'HHKH 3BYKOBbiX KOJle6aHHB H HX 

BJlH.IIHHe ua apeM.II >KH3HH YXH B noaywxaxo 3THMH HCTO"'HHKaMH 

MoryT 6b!Tb: paBHOMepHbiH WYM B 3KCnepHMeHTaJlbHOM 3ane, 

su6pauuu, nepe.naaaeMble oT Hacocoa qepe3 aaxyyMuyro cucTeMy, 

H y,napbl 3aKpb1BaiOIUHXC.II KJlanaHOB 0 TOPUbi JlOBYWKHo 

PasHoMepublii: WYM B 3KcnepuMeHTanbHOM 3ane 

To"'HbiX .naHHbiX o6 yposue cunbi 3Byxa a 3KcnepuMeHTaJlbHOM 

3ane HeT, O,UHaKO MO>KHO C yaepeHHOCTbiO YTBep>K,Ua Tb, "'TO 3TOT 

WYM He npeBOCXO,UHT 100 ,n6 /WyMa B TKaUKOM uexy/ / 2 /_ 3TO 
-6 2 

OTBe"'aeT CHJle 3ByKa 10 BT/CM CeKo flpH paBHOBeCHH C OKpy-

)((aiOIUeH cpe,noii: CTeHKH JlOBYWKH H3Jly"'aiOT CTOJlbKO )((e 3HeprHH, 

CKOJlbKO H nOrJlOIUaiOT o ,lJ.Jl.ll npOCTOTbl MO>KHO npe,nnOJlO)((HTb, "'TO 

nosywxa nornoiUaeT aero na.naroiUyro Ha Hee 3HeprHIOo H3nyqeuue 

)((e ee MO>KHO paCC"'HTaTb HCXO,U.II H3 npe,nnOJlO)((eHHH 0 TOM, "'TO 

pa3JlH"'Hble y"'aCTKH CTeHOK JlOBYWKH KOJle6JliOTC.II He3aBHCHMO ,npyr 

oT . .npyrao B 3TOM cny"'ae uunuH.npuqecxa.ll nosywxa H3nyqae't '/31 
1 p c 

B e.nuuuuy speMeuu 3Hepruro, paaHyro -
2

2 _....Q. -d-E, r.ne p H p 
TT p 0 

flJlOTHOCTH B03,nyxa H MaTepuana CTeHOK JlOBYWKH COOTSeTCTBeHHO, 

c - CKOpOCTb 3ByKa B B03,Uyxe, d - TOJliUHHa CTeHOK, a, £ 
3BYKOBall 3HeprH.II JlOBYWKHo llOCKOJlbKY B 3KCnepHMeHTaX 

TOJllUHHa CTeHOK JlOBYWKH 6b1Jla Mana /0,5 CM/ no CpasHeHHIO 

C ,UJlHHOH SOJlHbl 3SyKa /.na>Ke npH "'aCTOTaX"' 10 
4
ru/, TO MO>KHO 

C"'HTaTb, "'TO CTeHKH KOJle6mOTCJI, KaK MeM6paHa, H 3Hep-

2 
vo 

rHll xone6aHHH E = M T. r.ne M - Macca nosywKHo llpu pasHo-

secuH C WYMOM B 100 ,n6 CKOpOCTb V 0 He MO>KeT npeBbiWaTb 

BeJlH"'HHbl "' 2 CM/CeKo llpH TaKHX CKOpOCT.IIX HeHTPOH ,UOJl>KeH 

Bbi,Uep>KHBaTb 5o10 
4 

'coy,napeHHH CO CTeHKaMHo 

II 

~------------------------------



Ba6p&UBH OT B&KYYMHOI CHCTeMbl 
q&CTOT&, xapaKTepH&Jl ,II;JIJl pa60Tbl H&COCOB, COCT&BJIJleT BeJIH· 

'IBHY "' 100 ru. qT06bl v npa T&KOA 'laCTOTe ,II;OCTHrJia BeJIH'IBHbl 
0 

"' 10 CM/CeK, He06XO,II;BMO, 'T06W &MnJIHTy;J;a BB6paUHB 6biJI& 
"' 1 MM. B 3Kcnep&MeHTax /1 3Ta aMnJIHTy;J;a 6wna 3H&'IBTeJI&HO 
MeH&We. llp&'leM pe3yJI&TaTbl 3kCnep&MeHT& He MeHJIJIBCb, kOr,ll;& 
kOJie6aHHJI ,ll;eMnl!lapoaaJIHCb. 3TO yka3WBaeT Ha TO, 'ITO BH6paUBH, 
nepe,~~;aaaeMWe OT H&COCOB, TOlKe He MoryT 06'bJlCHHTb M&JIOe BpeMJl 
lKH3HB YXH B JIOBYWk&X. 

Y.~~;apw xnanaHoa o Topuw noaywxa 
llpa y,~~;ape kJianaHa 0 TOpeu JIOBYWKH B CTeHkaX nocne,~~;Heii 

B03HBk&IOT kOJie6&HBJl, kOTOpWe MOlKHO OUeHBTb CJie,ll;yJOIUBM o6pa-
30M. HaA.~~;eM npo.~~;on&Hwe xone6aHBJI nony6ecxoHe'IHoro cTeplKHJl, 
no kOHUY kOToporo y,~~;apJieT Macca m co cxopocT&JO u0 . ,llnH 3Toro 
Tpe6yeTC.I peWHTb BOJIHOBOe ypaBHeHBe C HyJieBWMH Ha'I&JibHbiMH 

ar a2r 
ycnoBH.IMB a rpaHH'IHI.IM ycnoaaeM E S -- = m -- IE - Mo-ax at 2 

;J;YJib ynpyrOCTH, a S - nJiotUa,ll;b Ce'leHH.I CTeplKH.I, y - CMeweHBe 
rpaHB'IHOA TO'IkH I. Upa t=O CMeweaaeHa'I&JibHOATO'IkH r HYlK" 
HO noJIOlKBTb paBHJIIM HyJIJO, a CkOPOCTb Ha'I&JibHOi TO'IkH d rId t 
np&p&BH.ITb CkOpOCTB u0 • x 

Peweaae aonaoaoro ypaaaeHB.I &MeeT BH,II; {(t- --), r,~~;e 
c 

c=y_!_ - CkOpOCTb 3BYK& B CTeplKHe, p "nJIOTHOCTb CTep>KHJI. 

p -z/r 
{( z) = u o T (I - e ), fpaHB'IHOMY YCJIOBBIO Y;J;OBJieTBOpJieT y 

x m 
r,~~;e z = t - c . T = pe-s- . Uocxon&xy p c &MeeT seJIH'IBHY 
"'2.10 6 r/cM 2 cex, S ,II;JI' nosywxa pasaa 2rrrd, /r.~~;e r -
pa,~~;ayc noaywxa I= 5 eM/ 1( d- TOJIIUBHa cTeaox I"' 0,2 eM/, Tb 

-5 npB m =500 r T '4 4.10 Cek, 'leMy COOTBeTCTByeT cneKTpaJIJ.• 
H&.l WBpBH& "'2.10 ru, T.e. ,II;JIBHJII BOJill, 3H&'IBTeJibHOnpeaocxo· 
;J;JIIUBe TO.JiiUBHY cTeaox noaywxa. Ecna ac• xaaeTB'IecxaH :Jaepra• 
kJI&DaHa nepeXO,II;BT 8 kOJie6&HB.I CTeHOK, TO CkOpOCTb V0 OK&· 

m 
3W&aeTC.I paaaol Uo v '"11 • Upa u0 "' 1 M/cex, M/m "' 20 
BMeeM v

0
"' 20 CM/Cek. Tak&.l CkOpOCTb MOrna 6111 06'b.ICHBTb 

pe3ybJ.TaTw :JxcnepaMeHT& npa ycJJOBBB, 'ITO :Jaepra• xone6aHBH 
CTeHOk He CHJibHO pacceasaeTCJI 3& apeM.I O,II;HOrO UHKJia H3MepeHBJl. 
Ecna ace 3aTyxaaae xone6aaaA o6cynoaneao B3Jiy'leHHeM a so3.~~;yx, 
TO ,ll;ekpeMeHT 3&TyXaHB.I, paCC'IBTaHHWI Tak lKe, k&k H B nepBOM 
nyHKTe, ,~~;eACTBBTeJibHO, Oka3WB&eTCJI M&JIOI aeJIB'IBHOA':"' 0,1 Cek -! 

Upase.~~;eHHWe .~~;aHHwe He no3BOJIJlJOT c.~~;enaT& OKOH'IaTeJI&Horo 
awso,~~;a o sxna,~~;e 3Byxoswx xone6aHHi a aarpesaHae YXH, Tax xax 
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~eKpeMeHT 3&TYX&HHJl CHJibHO 3&BBCHT OT pe30HaHCHbiX CBOHCTB 
cHCTeMbl, 'I&CTOTHOrO cneKTp& H MO,II;bl KOJie6&HHH. 0;J;H&KO OUeHKH 
noK&3biB&IOT, 'ITO npa He6naronpBJlTHbiX YCJIOBHJIX 3BYKOBble KO" 

11e6aHBJl MOryT HMeTb pewaJOwee 3Ha'leHHe. 003TOMY KOHTpOJIHpo
aaTb 3BYKOBble ,ll;pOlK&HHJl CTeHOK B 3KCnepHMeHTe He06XO,II;HMO. 

HacToHwa• pa6oTa awnonHeaa no npe,JJ;JIOlKeHHJO cii.JI. manapo. 
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