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({) 1974 06'beOUHeHii&ul UHCIIIUIIIY11l JIOepH&IX UCC./IeOOBQHUU J(y6Ha 

. ' 

1. ~. HaC~O.III.QeH 3a~~:r_Ke paC~MOTpeHO BllH.IIHHe llOBepx-
HOCTHLIX nneHOK Ha nornOII\eHHe ynLTpaxonO,D.HLIX HeHTpOHOB 
/YXH/ anoaywKax *. KaKH3BecTio /1-3/3KcnepuMeHl'anL:. 
HLie 3HaqeHH.Il K034xi>HUHeHTa nornoll\eu'u.ll YXH npH O,D.HOM 
coy.n.apeHHH CO CTeHK~H CTeKn.IIHHOH HnU 6epunnHeBOH JIO:: 
BYWKH npeBLIWaiDT TeopeTH'IeCKHH 'pe3ynLTaT pa3 B 10. 
TaKoe pacxo>K,D.eHHe y,e y;ianocL o6'LHCHHTL HH B3ai1Mo.n.eii­
CTBHeM_ C <l!oHOHaMH . 4f H .3BYKOBLIMH Kone6aHH.IIMH noayw­
KH /5~ HH wepoxoaaTOCTLID OTpa:>t<aiOII\HX noaepXHOCTeii /G-7/. 
XoT.Il anH.IIHHe noaepxHoCTHLIX nneHoK oueHHBanocL c caMoro 
Ha'Iana ' pa6oT c YXH, nocne.n.oaa ninLHoro pacc:MoTpeHH.Il 
3TOrO-BOllpOCa, HaCKOllLKO H3BeCTH9 aBTOpaM, ,D.O CHX nop 
He 6Lmo .. c.n.enaHo. · " ., 

2. HanH'IHe nneHKH Ha · noaepxHoCTH cTeHKH noayliiKH 
npHBO.D.HT K .D.BYM 3<l!<l!eKTaM. Bo-nepBLIX, HMeeT MecTo 
H3MeHeHHe R -K03lP<I!HUHeHTa OTpa:>t<eHH.Il HeHTpOHHOH BOllHLI 
3a cqe:r. HHoro nornoll\eHH.Il H Harpeaa HeiiTpoHoB a nneHKe 
no' cpaaHeHHIO c' MaTepuarioM CTeHi<u. Bo-:-BTOpLIX, H3Me­
HeHue . R . Mo:>t<eT 6~1~L o()ycimane'Ho 3:Kp1mlpyro~HM .n.eii­
_cTaHeM.nneHJ<.H: HanH'IHe nneHKH npHBO,D.HT"K HHLIM 3Ha'IeHH.IIM 
aMnnuiy~LI u <l!a3hi aon.HLI .. Ha rpaHHUe caMoii cTeHKu: 3To 
MeH.IleT K03<l!<l!uuueHT OTpa:>t<eHH.Il YXH, ,D.a:>Ke ecnH . ca-Ma 
nneH·Ka He nornoi.QaeT HeiiTpOHLI. ·' . 

PaccMoTpHM CHa'Iana BTopoii 3<l!<l!eKT. llycTh Ha nneHKY 

., 

. * . BciO.D.Y·liH:>Ke CYMMapHLIH 3~<1le.KT nornoll\eHH.Il .H ':Harpe­
aa.: fdhl . 6y.n.e-M, .n.n.11 .,Kpa TKOCTH- Ha3bimi TL nornoiueHHeM. 
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C H,l(eanbHO rJia,l(KOH ITOBepXHOCTbiO *; ITOKpbiBaiOU{yiO rnM­

Kyro CTeHKY noByiiiKH, na,l(aeT noToK HeHTpoHoB. Ko34>4JH.o;H­
eHT nornm.u;eHH.H YXH B MaTepHane cTeHKH Mo:>KHo 3anHcaTL · 
B BH,l(e 

~ ab~ 
Wd (0) = 1.;... R(O) /1/ 

So 
3.I(eCb ~ abs - ~e'leHHe ITOrJIOII\eHH.H HeHTpOHOB B Ma TepHane 
CTeHKH; SO - ,UJIOII\a,l(b ITOBepXHOCTH, HOpManLHa.H K na,l(a­
IOII\eMy· • n~Ky; 0 - _yro.Ji ; ITMtmH.H. Iipe.I(noJJarae'fc.H,' 'ITO 
nornottieHHe B·nneHKe OTCYTCTByeT. . 

TaKoe Bblpa:>KeHHe ,l(JI.H W d ( 0) CJie,l(yeT H3 COITOCTaBne-. 
HH.H onpe,l(eJieHHH Ko34>!l>H.o;HeHTa norJIOII\eHH.H H 'ceqeliii.H no­
rnOII\eHHH: IlpH 3TOM B xaqecl-Be "MHmeHH", B03MYII\aiOII\eH 
na~aiOII\HH noToK, Mhl paccMa'ipHBaeM Bc:K) cTeHxy. 

Ce'leHHe . norno~eHH.H ~ abs . MO:>Ke-T 6b1Tb 'Bi.Ipa:>KeHO 

qepe3 ITOTeHD;HaJILHYIO :meprHIO B3aHMO,l(eHCTBH.H HeHTpOHa . .. .: . . . . 2 . 

V 2 rr h N b ·; . ~ C MaTepHaJIOM CTeHKH _ l = --rn- l· l rn - MaCca HeHT·-

poHa, b 1 H N 1 - .cooTaeTCTBeHH:o KorepeHTHa.H .I(JIHHa · pac..: 
Ce.HHH.H H 'IHCJIO .H,l(ep B 1 CM 

3 Ma TepHana CTeHKH/. ,!J;ei­
CTBHTeJibHO, KaK XOpOWO-H3BeCTHO, /87 

~ . ~ ~ ~ 

2 
~ abs =- h V 

lrn r· ¢; ( r) vl ( r) ¢ p ( r) d r • /2/ 

3~eCb ¢, p (r) - BO:flHOBa.H 4JYHKUH.H_ HeHTPOHa B ITOTeHD;Hane 
V l , v - ~KOpOCTb na.I(aiOII\HX HeHTpOHOB. ·. _ · 

IIocKonLKY npH pac'leTe Ko34>!l>HtiHeHTa nornoll\eHH.H He:HT­
poHOB ,l(OCTaTO'IHO orpa~'IHTbC.H y'leTOM'IJieHOB,JIHHeHHblX 
OTHOCHTeJibHO 

rn 2 h 
lrn V = - - u = - - v a ( v) N · 

1 2 1 2 al 1 /3/ 

* 3TO npe,l(ITOJIO:>KeHHe .HBJIJieTC.H ,l(OBOJibHO rpy6blM npH-
6nH:>KeHHeM B cnyqae TOHKHX nneHOK, KOr,l(a 34J4JeKTH~Ha.H 
TOJIII\HHa nneHKH cocTaBn.HeT HeCKOJILKO ,l(ec.HTKOB A .. B 
3TOM cnyqae · 6onee a,l(eKBaTHOH gBn.HeTcg MO,l(enL, npe.I(no­
nararoll\a.H HatliH'IHe MaJiblX BblC'I'ynOB Ha CTeHKe JIOByiiiKH. 
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I a al ( v) ,.. ~e'leHHe nornm.u;eHH.H H Harpeaa npH B3aHMO.I(e:H­
CTBHH He:HTpoHa c o,l(HHM .H,l(poM STe.HKH/, BonHoByro li>YHK.u;HIO · 
¢ P ( r) MO:>KHO HCKa Tb, npeHe6pera.H nornoll\eHHeM. B 3TOM 
ITpH6JIH:>KeHHH HMeeM 

.T (0) 2 
d I = w 0 (0 ) = I . T ( 0 ) /4/ w d (0} 

3.I(eCL 
0 

2cos 0 u 1 2 
(-)·. 

VOl 
·w o {O) /5/ 

y( ~) 2- cos20 
.. v . 

Ko34J!l>H.o;HeHT nornoll\eHH.H YXHB TOM cnyqae, KOrM nneHKa 
. . 

2 
2V

1
·< ... 2h ._. -·-. . . . . . .. _. 

OTCYTCTByeT; v = --=- y rrN1 h1, h
1
>0 ; Td({})-·aMnnH-

. · 01 rn m 

Ty,l(a HeHTpOHHOH BOJIHbl Ha rpaHH.o;e CTeHKH /nocne npoXo:>K­
,l(eHH.H noBepxHOCTHo:H nneHKH TOJIII\HHOH A I,. T 0 {{}) = T d=o{{}). 

,'. . 

3. ,!J;n.H . OTLICKaiiHH T d (0) Mo:>KHo BocnonL30BaTLC.H 

CTaH,l(apTHOH npo.o;e.I(ypo:H, Y'IHTbiBaiOII\eH HenpepbiBHOCTb Ha 
no:BepXHOCT.HX paJ,l(ena cpe.i\ . BOJIHOBOH 4JyHKD;HH HeHTpoHa 
H ee HOpMaJibHOH. npOH3BO,l(HOH / 8/ IlpH aHaiTH3e pe3yJILTa­

TOB y.I(06HO OT.I(eJibHO paCCMOTpeTL cnyqaH,.KOr,l(a nneHKa 
o6na,l(aeT noTeH.o;HanoM npHT.H:>KeHHH /Korep.eHTHa.H MHHa 

pa_cce.HHH.H_ b 2 <0 jH IT~TeHD;HaJIOM OTTaJIKHBa~.H (b 2 > 0). 
a/. EcnH KorepeHTHa.H .I(nHn,:a pacce.H.HH.H .B ~n.e:HKe b 2 < 0, 

TO . _ . . · !r -. · 
T (0) 2 1 

I . d I = ,. . /6/ 
T (O) . 1 - xd (O) 

0 

v 01 2 2 
v .(--) -cos f) 

{ __Q_g_ ) 2 y _ __:_v_. ----
v l/02 2 2 

01 ( --) . + cos 0 

X /7/ X d (0) 

v . 
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.. ·. 2 . . _, 

x['sin ( 2k 2 zd) + sin (k 2i d) x 

v 2 2 
v 

2 02 2 
( ___!LL) -COS 0: ( ) + cos (} 

v v 

X ( V - v ) ] . 
v 01 2 . 2 v . 2 

(--)+cos lJ ( 02 ) 
v 

- cos. (} 
v 

v 2 2 
k 2 = k ·v ( ~) + cos e ' 

z v 
3.n.ecb 

/8/ 

··- ' m v ~· ~ · k = -h-- BOnHOBOH BeKTOp na.n.aro~ero HeHTpoHa, v<v01 , 

d - TOn~Ha nneHKH. 

v 2 -
01 

2 
- 4-rr_h_ N lb I 

2 · I 1 ' m 
/9/ 

i = 1 .IJ.n.R CTeHKH nOBYWKH H i = 2 .IJ.n.R n.JieHKH. 
cllyHKI.UI.R X d (OJ OCI.UinnupyeT npH H3MeHeHHH TOn~Hbl 

nneHKH. Ilpu Manblx d x d (0) > 0, T.·e. TOHKa.R nneHKa 
c npHT.Rrusaro~HM noTeHI.UianoM ysenuqusaeT _ norno~eHHe . 1T . 
YXH B cTeHKe nosyWKH. Ecnu k d = - H __ ....:...-'-'----- - 2z • '2 

y( VOV2 )2 + cos2(} » ~(~)2- cos2(), Xd(())=-(~)2(v02»v0; 

H norno~eHHe B CTeHKe OKa3bJBaeTC.R cuill.Ho ocna6JI'eHHbJM. 
3TOT pe3ynbTaT HeTPY.IJ.HO llOH . .RTb, ecnH yqeCTb, 'ITO rny-
6oKa.R noTeHI.UianbHa.R_ . .RMa oTpa,t<aeT na.n.aro~ue Ha itee - , , 

qacTHUbl. 
6/ Ecnu KorepeHTHa.R .n.nuHa pacce.RHH.R B nneiiKe b2> 0 , 

TO npu v < min ( v 
0 1, v 

0 2 ) . 

T d (0) 2 

T (0) I 
0 

"'d (0) 

6 

1 

1+ "'d (0) 
·--~---· 

v 2 
.Q.L) v 
VOl 

VOl 2 2 · 
(-) -cos e v . 

. 2 
( J..2..) 2 - cos 0 

v 

/10/ 

X 

,} 
l 

j 

' I 

r 

. 2 

x [sh(2k'zz d) + sh '(k ' 2 z d) x -/11/ 

v 01 2 2 v 2 2 
( ) -cos e ( -0 2 ). --cos 0 

v v. x (y +v )], 
v 0 2 2 2 

< . > -cos. e ( 
vo 1 2 --- 2 

) -cos,O.~ 
v v 

k" .. _ • V02 2 2 
2z = k y (-v-t - cos e . 

·-
/12/ 

cllyHKI{H.R t/J ((}) > 0 H MOHOTOHHO paCTeT C yBenH'IeHHeM :ron­
ll{HHbl nneHKH, T.e. nneHKa C OTTa!JKHBaTenbHbiM llOTeHI{Ha­
nOM npu nro6oii 1-on~H:e nneHKH y~eHbmaeT norno~eHue 
YXH B CTeHKe /npu -~ <min( v01 , ~02 ) /. 

., 

· AHanorH'IHbie pe3ynbTaTbi MO:>KHO nony'IBTb H .n.ns .n.py-­
rux HHTepsanoB clcopocTeii. TaK, npH v02 ::;v::; v- 01 HY)KHO 
HCllOnb30BaTb 4JopMynbi /6/ - /8/ C 3aMeHOH .v ~2 Ha 

2 2 .v 02 2< .. · 
-v 

02 
npu cos 0::_ (-v-) ·u ·4JopMynbi /10/ - ./12/, ecnu 

2 V02 2 
cos ,0< (-v-)· 

IIpaKTH'IeCKHH HHTepec npe.n.cTaBn.ReT 311aq(niu·e K034J4Ju­
nueaTa norno~eHH.R, ycpe.n.HeHHoro no H_3oTponHOMY pacnpe-. 
.n.eneHHIO na.n.aro~x HeiiTpoHoB. OrpaHHBa.Rcb .n.n.R npocTOTbi 
paCCMOTpeHHeM TOHKHX nneHOK *, nony'IBM C TO'IH.OCTbiO .IJ.O 
qneHOB, nHHeHHbiX O.THOCHTenbHO d _ 

· * CM. npHMe'laHHe Ha cTp. 4. 

1. 
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. • u 1 2 VOl 2 : •. v ... v 01 2 . ' .. 
Wd=Wd(O) =2(-) [(--) arcsm---y(-. -) -1 

VOl v v 01 v 

4 v0 2 
! -akd{-2 ) ]. 

v 01 

/13/ 

3.D;eCb 3HaK nmoc .COOTBeTCTByeT noTeHlUfaJiy npHTJDKeHHH 
B nJieHKe, a MHHYC - noTeHIUiaJiy OTTaJIKHBaHHH * .- B CJiyqae 
OTTaJIKHBaHHH npe,D;nonaraeTca, 'ITO v ::; min(v 01 , v 02 ) • 

IIocne ycpe,D;HeHHH Bbipa:>KeHHH /13/ no MaKcBeJIJIOBcxo­
MY pacnpe,D;eJieHHIO YJibTpaxoJIOJYibiX H~iiTpoHOB no cxopo­
CT JIM C MaKCHMaJibHOH CKOpOCTbiO V ·max = VOl noJiyqaeM. 

TT ul 2 64 mv02 v02 
«W >> = - ( -) [1 ± ----h-- d. ]./14/ 

d 2 v
01 

15rr v
01 

CHMBOJI << ~ .. >> 03Hll.'iaeT ycpe.D;H.,eHHe no pacn:pe,D;eJieHHIO 
CKOpOCTeH B noTOKe na,D;aiOIIUIX HeHTpC>HOB: 

4. O.u;eHHM Tenepb 3cllllleKT riornm.u;eHHH YXH B caMoii 
nneHKe. KaK HeTpy,D;Ho npoaepHTb, B cnyqae TOHKOH nneHKH 
C TO'iHOCTbiO )1;0 'iJieHOB "'·G' H3 lPOPMYJibl /2/ HMeeM 

. . 2 
< ~ wd) · · = J!. < ~) kd. /15/· 

norn 3 v o 1 

3,IJ;ecb · 

h 
-va (v)N 
m a2 . 2 ' 

'/16/· u2 

a a2 .( v) - .nonepe'iHOe · ce'ieHHe nornm.u;eima H Harpe sa npH 
B3aHMO.D;eiicTBHH: HeiiTpoH:a c o,D;HHM a,D;poM, rinefi:KH. ·· ITpH 
u

1 
=·u

2 
H·'v<)} =Vo2•0'ieBH,D;HO, Bbipa:>KeHHe /15/ KOMneHCHpyeT 

BKJia,D; B K03lPlPHD;HeHT norJIOID;eHHH 3lP4>eKTa 3KpaHHpOBaHHH. 
0THOWeHHe BKJia,D;OB 3THX 3lPlPeKTOB paBHO 

* AHaJiorH'IHhlii pe3yJibTaT noJiy'ieH npH pacc.MoTpeHHH 
OTpa:>KaiOID;eH noBepXHOCTH C MaJibiMH wepOXOBaTOCTHMH. 

8 

( ~ W d) norn 
- (~)2 (JJ_)2·, ./17/ 

(~ W d) aKpau 
u .1 V02 

T.e. (~W- \torn>>(~W)~KpaH npH u2 »ul H- v01~>v02• 
Ycpe.D;HHH Bblpa:>KeHHe /15/ no Ma_xcaeJIJIOBCKOMY cnexT­

PY cxopocTeii YXH, nony'IHM · 

«(~ Wd· ) . >> 
norn 

32. (~) 2 k
01 

d 
15 VOl 

/18/ 
(v. =v

1
). 

· max 0 

OTHoweHHe «( ~ W d )norn>> /<<W 0», xapa:KtepH3yroiD;ee 
yBeJIH'ieHHe K03lPlPHD;HeHTa . norJIOID;eHHH,· o6ycJIOBJieHHOe 
CHJibHbiM n~rJioiD;eHHeM YXH B nneHKe~ paBHO 

y 
«(~W d)norn>> _ ~ (~) 2. k

0
}d, = 

-..,·. 15rr · · ·ul 
<<Wo >>_ 

/19/ 
64 aa2(v) N2 . 

15 TT a 
1 

( v) N k 0 1 d • 
. a 1 

"l.f 

,, 5 .. llT06bl o6'bHCHHTb paCXO)K,D;eHHe 3KCnepHMeHTaJibHbiX 
H TeopeTH'ieCKHX '3Ha'ieHHJi · K03lPlPHD;HeHTOB .. norJIOID;eHiiH, 
Heo6xo,D;HMO, KaK y:>Ke ro:BopHJIOCb BbiWe, 3a,D;aTb 3Ha'ieHHe 
K03lPI})HIUieHTa YCHJieHHH norJIOID;eHHH y "' 10 . Tor,D;a H3 /19/ 
CJie,D;yeT, 'iTO "TOJIIIUIHa nJI_eHKH Ha CTeHKe JIOBywKH ,D;OJI)I(Ha 

6b1Tb J?aBHa 

150rr a 
1 

(v) N
1
· 

1 
a 1 (:y)N 1 

d = a -- = 1,18·A a · · 
64 ( ) N k . rp. --(-) N--·-/20/ 

a a2 v 2 ° 1 · 0: a 2 v 2. 

2rr 
3.D;eCb A = -k - -rpaHH'iHaa ,IJ;JIHHa BOJIHbi cneKTpa YXH. rp. . . . 

rp. 

9 



) ' 

OTC:IOAa AJI.H TOJIII.UIHbi rrne
0
HKH C Cf4 Ha CTeHKe 6epunnue­

Boii JIOBYIIIKH uMeeM d"' l4A. Cyll\eCTBoBaHBe TaKHX rrneuoK 
' ' 

B ycJIOBH.HX IIpOBOAHBliiHXC.H 3KCIIepHMeHTOB CJieAyeT, no-

BHABMOMy, C'IHTaTb MaJIOBepO.HTHbiM, IIOCKOJibKY B pe3yJib· 

TaTe o6pa60TKH 3arp.H3HeHBe IIOBepXHOCTH B 3Ha'IBTeJibHOH 

CTeiieHH ycTpaHHeTC.H. 

B 3aKJIIO'Ie·uue aBTOPbi Bbipa)KaiOT · rrpH3llaTeJibHOCTb 

M.M.WpaHKY 3a HHTepec K pa6oTe H BCeM 'IJieHaMrpyiiiihl 
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