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S U M M A R Y 

The influence of low-frequency part of 
solid body spectrum on heating of ultracold 
neutrons (UCN) at a single collision with 
the wall has been considered. It is shown 
that in the presence of clusters (vibrating 
with a frequency of 1o10Hz) in a solid. body 
near the surface the anomalously small life
time in traps can be explained by the ultra
cold neutron heating. Comparison with 
the results of experiments on measurement 
of a specific heat of disordered solid 
bodies at low temperature leads to the 
conclusion that t~e cluster dimensions must 
be near 70-60 A • The influence of other 
possible low-frequency vibrations inside 
solid body on the ultracold neutron heating 
has been considered. 

B pa6oTe/l/ 6Lin0 BLICKa3aHO YTBep)K,l\eHHe, 'ITO Manoe 

apeMJI )KH3HH YJILTpaxono,l\HLIX HeiiTpoHoB /YXH/ a noayw

Kax B npaHnane MO>KHO 6LIJIO 61a1 o6'LJICHBTL, ecna npe,l\no

JIO>KHTL HaJIH'IHe aHOMaJIHB B 06JiaCTH HH3KHX 'laCTOT y 

CJieKTpOB TBep,l\LIX TeJI. 0,1\HaKO HB3KO'IaCTOT;P.Lie aHOMaJIHH 

.l\OJI)KHLI npHBO.l\HTL K HenpaBHJILHOMY ( C 1- T ) noae,l\eHHIO 

TennoeMKOCTeii npa HH3KHX TeMnepaTypax. TaKoe Henpa

BHJILHoe JIOBe,l\eHHe ,l\eBCTBHTeJILHO Ha6JIJO,l\aeTCJI B 3KCllepH

MeHTax/2-3/. B CBJI3H c 3THM npe,l\cTaBJIJieT HHTepec co

nocTaBHTL TeMJIOeMKOCTHLie aHOMaJIHH C ,l\aHHLIMH flO ape

MeHH y,l\ep>KaHHJI YXH. HMeHHO 3TOMY a nocBJIU{eHa Ha

cToJimaJI pa6oTa. 

B nepaoM pa3,l\ene CTPOHTCJI MaTeMaTH'IecKaii annapaT 

Teopaa B03MymeHHii ,l\JIJI onacaHHJI B3aHMO.l\eiicTBHJI YXH 
c oTpa>KaiOmeii cTeHKoii. Bo BTopoM paccMaTpaaaJOTCJI 

B03MymeHHJI, npaBO.l\Jim&e K HarpeBaHHIO YXH. ,l);anee aHa

JIH3HpyeTCJI BKJia.l\ pa3JIH'IHLIX nponeccoa B ·Ko3cW!anaeHT 

"nornomeHHJI" YXH, KoTopLiii WaKTH'IecKa xapaKTepa3yeT 

BepOJITHOCTL HarpeBaHHJI HX npa 0,1\HOKpaTHOM COy,l\apeHHH 

CO CTeR~OH. fiOKa3aHO, 'ITO KOJie6aHHJI KJiaCTepOB pa3MepaMH 

70-60 A MoryT o6'LJICHHTL aHoMaJILHoe "nornoll{eHae" YXH. 

1. MameMaJiu'lecKuu annapa11 11eopuu 603MYUI€HUU 
OAJI YXH 

Pa3,l\eJIHM ypaaHeHae Illpe,l\HHrepa, onHCLIBaJOU{ee B3aa

MO,l\eiicTBHe YXH co CTeHKoii ( z>O) , Ha aenH'IHHY fi 2 I 2m 
r,l\e m - Macca HeiiTpOHa, TOr,l\a npH,l\eM K ypaBHeHHIO BH,l\a: 

a _. _. 
[i-+~-u .e(z)-ov(r,t)l 1/J(r,t) ==0, at o 

/1/ 

3 



r,IJ,e u 0 = 4rrN0 b c , N 0 - lfHcno JI.IJ.ep B e,IJ,HHH:o;e o6"LeMa, 

b c - KOrepeHTHaJI ,IJ,nHHa pacceJIHHJI, 8 ( z) - CTyneHqa TaJI 

lilYHKD;HJI ,paBHaJI e,IJ,HHHD;e npH Z > 0 H Hymo npH Z < 0 
0 v( r, t) - noTeHD;Han B03MYlD;eHHJI, o6ycnoaneHHhiH KOne-. 2 

6aHHJIMH BHYTPH Cpe,IJ,hl, BpeMJI t HMeeT pa3MepHOCTb CM H 

Bhlpa>KaeTCJI qepe3 ( t] C 06hllfHOH pa3MepHOCTbiO Ia ,IJ,anb

HeiWeM ,IJ,nJI npe,IJ,OTBpalD;eHHJI nyTaHHD;hl BenHlfHHhl C OfihllfHOH 

BpeMeHHOH pa3MepHOCTbiO 6y,IJ,yT Bbl,IJ,enJITbCJI CK060lfKaMHI 

cne.IJ.YIOlllHM o6pa3oM: 

t =_!_-[t], 
2m 

t/J ( ;, t)- BOnHOBaJI «)yHKD;HJI HeHTpOHa. 

121 

YpaaHeHHe 111 onHCblBaeT oTpa>KeHHe YXH oT cpe.IJ.bl, 

3aHHMaiOlD;eH nonynpOCTpaHCTBO Z > 0 C nOTeHD;HanoM U O • 

PeweHHe ypaaHeHHJI 111 B nepBoM nopJI.IJ.Ke no TeopHH 
B03MYlD;eHHH HMeeT BH,IJ,: 

~ -7- ~-+ -+ -+ 3 
t/J( r, t) = t/10 ( r, t) + f G( r, t; r', t') ov( r~ t') t/l

0
(r't') d r'dt' = 

= t/J 0 ( ;, t) + o t/J ( r: t) , 

r,IJ,e 

4 

t/Jo(;,t) 
... ... 

exp ( ik o II r II-i u., o t) y kol ( z) 

ik.lz -ik+z iklz 
y~z)=O(-z)(e +R(k~e )+O(z)T(kJ.)e 

1. 

... ... 2 
kll=(kx,ky), rll =(x,y), kl='I/(J;-kll' 

--- k k' 
kj_ = '1/kl- u 0 , R(kj_) = _£_~, T( k ..)..) 

k.l+k.l 

~l. 

k .l + ki 

/3/ 

/4/ 

/5/ 

161 

B k 2 k, "k, k" . I k2 cnyqae, KOr.IJ.a .l < u 0 , HMeeM 1 = 1 , .l = v u 0 - .l H 

R(k) 
k...i.. -iki 

k 1 +iki 
, T( k l) 

2k 1 

k1 + ik I 111 

Cl»yHKD;HJI t/J O JIBnJieTCJI pemeHHeM HeB03MyuteHHOrO 

ypaBHeHHJI H co,IJ,ep>KHT na,IJ,aiOutYJO nnocKYIO BOnHY. H3Me

HeHHe BOnHOBOH «)yHKD;HH Ot/J o6ycnoBneHO B03MYIJteHHeM 

H Bblpa>KaeTCJI C nOMOlD;biO «)yHKD;HH rpHHa HeB03MYIJteHHOrO 

ypaBHeHHJI: 

a ... ... ...... 
[i a t + ~ - u 0 0 ( z) J G ( r t, r 't' ) = o ( r - r ' ) o ( t - t ') . 181 

fiOCKOnbKY noTeHD;Han He 3aBHCHT OT x,y H t, TO «)yHKD;HJI 

rpHHa G(h, -;'t ') MO>KeT 6b1Tb npe,IJ,CTaBneHa B BH,IJ,e: 

... ... 1 2 __, ... ... I I 
G( rt, r't') = (

277
)3 fd kll d(UGkl (z, z')exp[ikJJ(r-r'~l-i~~t'~, 9 

r.IJ.e Gk (z, z ') nO.IJ.lfHHJieTCJI ypaaHeHHIO: 

21 
[-d- +k2 - u 00( z)] Gk (z, z ') = o ( z- z') 1101 

dz 2 .l 
H MO>KeT 6b1Tb npe,IJ,CTaBneHa C nOMOlD;biO .IJ.BYX nHHeHHO He-

3aBHCHMbiX pemeHHi O.IJ.HOPO.IJ.HOH lfaCTH 3TOrO ypaBHeHHJI. 

0.IJ.HO H3 3THX pemeHHH y>Ke HaH,IJ,eHO, a HMeHHO - ykl ( z)i51, 
B KalfeCTBe BTOporo B03bMeM«)yHKD;HIO Hkl(z), KOTOpaJI 

CO,IJ,ep>KHT B o6nacTH Z < 0 TOnbKO BOnHy, YXO)J.JIIJtYIO OT 

nnocKOCTH z = 0 . IOTMeTHM, 'ITO o6o3HalfeHHJI Y H H 
B3JITbl no aHanorHH c «)yHKD;HJIMH lieccen•l. <l»yHKD;HJI Hkj_ (z) 

3anHCbiBaeTCJI cne.D.YIOIItHM o6pa30M: 

-ik + z 1 - ik~ z ik l z 
Hk 

1 
(z) = 0( -z) e +O(z) T(k') [e + R(k l) e ] , 1111 

1 
r,IJ,e 

R(k~) 
kJ. -kl 2kf 

, T< kn = 
ki+k1 + k1+ ki 

1121 
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cl>yHKU.HH Y k ( z) H Hk ( z) ~aJOT BLipa:>KeHHe .IUHI G k ( z, z ') : 
l l l 

Gk (z, z') = -
1
- [Yk (z)~ (z')O(z-z')+Yk (z')Hk (z) O(z'-z)]. 1131 

l 2ik1 l l l 1 
llo~cTaHOBKa/131, 19 I B 13/ no3BOnBeT npe~cTaBHTL BLI

pa:>KeHHe .D;nB tit/,(-;, t) IHanpHMep, B o6nacTH z < 0 I B cne

.D;YIOlll,eM BH,ZJ;e: 

-· 1 . 2 --> --> --> o t/1 (r, t) -~ {2rr)3 J d k II d w f( kll , co) exp ( ik _r- i w t) , 1141 

r,ZJ;e k _ = ( kll ,-k1),a 

_, 
1 

i(k0 -k)ll ~~-i((o0-<o)t ~ ... 
3 f(kll ,uJ) =-.-I e \ (z)ov(r,t)Yk (z}d rdt = 

2tk l ol.. 

= 1 --> --> n- m<k k) 
I ..!. 0' . 1151 

-> --> 

ll_pH'Ie~ m ( k 0, k ) npe,ZJ;CTaBJJBeT C060H MaTpH'IHLIH 3JleMeHT 

( k I o v 1 k 0) . C noMOlli,LJO hi/; Mo:>KHo HaRTH nonHLIH noToK 

He3epKanLHO oTpa:>KeHHLIX YXH: 

1 --> <--> _, 2 
J+(t) ="2-;Iot/J (r,t} yj_ o~'(r,t) d rll 1161 

3TOT noToK JaBHCHT, aoo6lll,e roBopB, oT apeMeHH. Y.D;o6Ho 

onpe,D;eJJHTL nOTOK, ycpe,ZJ;HeHHLIH no BpeMeHH 

- 1 t/2 
J + = Eim - I J 1_ ( t,) dt' I 11 I 

t-->OO t -t/2 

H CBBJaTL ero c na,ZJ;aJOIUHM noToKoM J 0l = k
0
ls I S- non

HaJJ OCBeiiJ,aeMaB nnoiiJ,a,ZJ;LI C nOMOII.I,LIO COOTHOWeHHB: 

j l = J Ol I " (k 0 , k) d 
3 

k = !1 ( k 0) J 0 J 1181 

llo.D;cTaHoBKa 1141 B 1161 H 117 I H cpaaHeHHe c 1181 no-
3BonBeT nony'IHTL: 

6 

2 
2k j_ 

--> --> 12 ___ _ 
W(ko,k) = lf(kll ,oJ) kol(2rr)3t.S 

--> --> 

lm(k o,k) 1
2 

/19/ 
~nl(2rr} 3 tS 

2 3 ~ 
ecnH yqeCTL, 'ITO d kll dw = 2k-\- d k. 0TMeTHM, 'ITO !1( ko) B 

TOM cnyqae, KOr,ZJ;a 0 V OnHCLIBaeT TOJJLKO HeynpyrHe 

npou,eccw, npe,D;cTaBnBeT co6o8 aepoBTHOCTL Heynpyroro 

pacceJJHHB. 3,ZJ;eCL MLI 6y,ZJ;eM HHTepecoBaTLCB TOJJLKO Harpe-

BaHHeM, n03TOMY !1 ( k0 ) xapaKTepH3yeT 31P4leKTHBHLIH K03$

$HD;HeHT nornolll,eHHB YXH npH o,ZJ;HojllaTHOM coy,ZJ;apeHHH co 

CTeHKOH. 3KcnepHMeHT noKa3LIBaeT 
2

/ , 'ITO 3Ta BeJJH'IHHa, 

ycpe,D;HeHHaB no k o , npH6nHJHTenLHO o,ZJ;uHaKoBa ,ZJ;nB acex 

aelll,eCTB H pasHa '""' 5.10-
4
• Hu:>Ke 6y ,ZJ;eT npoae.D;eHo uccne

,ZJ;OBaHHe C u,eJJLIO BLIBBHTL Te npou,eCCLI, KOTOpLie MOryT 

,ZJ;aTL fl yKa3aHHOrO nopB,D;Ka. 

2. IIomeHIJUaA 603MYU#eHUJI 

lloTeHU,HaJJ B3aHMO,ZJ;eHCTBHH Me,ZJ;JJeHHLIX HeHTpOHOB C 

B,ZJ;paMH /.D;eJJeHHLIH Ha aenu'IHHY .f\' 2 I 2m I, uMeeT BH,ZJ;: 

u ( ;, t) = 4 rr L b. ?)( ; - ;:'. - ~ ( ;:'_ , t) ) , 
j 1 I 1 

/201 

r,ZJ;e b i - ,ZJ;JJHHa pacceJJHHB j - ro B,D;pa, f i - KOOp,D;HHaTa 

nOJJO:>KeHHB ero paBHOBeCHB, o(x) - ,ZJ;eJJLTa-$yHKU,HB )l,upaKa, 

a /; (1i , t) - OTKJJOHeHHe OT nOJJO:>KeHHB paBHOBeCHH i - ro 

B,D;pa, KOTOpOe MO:>KeT 6LITL npe,D;CTaBJJeHO B BH,ZJ;e: 

--> 

t;(f',t> 
_, m 

= '\ e \ 1 
---- a-•e 

: Q \1N w~ 11 
Q Q 

..., 
iqr-iw_,t 

Q 1211 

r,ZJ;e ~q- nOJJHpH3aU,HB $OHOHa C BOJJHOBLIM BeKTOpOM q H 

u m qacTOTOH w..., , \' --:--- - ero aMnJJHTy.D;a, a..., - onepa-
q \I' UJ--> Q 

q 

Top yHH'ITO:>KeHHB, \1- Macca B,ZJ;ep, :\ - nonHoe qucno B.D;ep 

BHYTPH cpe,D;LI. CMelll,eHHe 1! ( r, t) ,ZJ;OJJ:>KHO, B006IIJ,e roaopB, 
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CO.D,ep>Ka TL TaK>Ke on epa TOphi po)I(,IJ,eHH.B: 4JoHOHOB, O,IJ,HaKo 
l.IJ.eCL 3Ta 'laCTL He 6y.IJ.eT DpHH.B:Ta BO BHHMaHHe, DOCKOllLKy 
MLI 6y.IJ.eM HHTepeCOBaTLC.B: TOllLKO O,IJ,H04JOHOHHLIMH npo
~eccaMH HarpeaaHH.B: YXH, T.e. npo~eccaMH YHH'ITO>KeHH.B: 
lboHOHOB. Heo6xo.IJ.HMo OTMeTHTL, 'ITO w -q HMeeT l.IJ.ecL 
paJMepHOCTL CM-

2 
H CB.B:3aHa C 06LI'IHOH 'laCTOTOH COOT· 

HOWeHHeM: 

w_,= 2rn[w_.] 
q 1i q /22/ 

EcnH H3 DOTeH~Hana /20/ BLI'IeCTL u e(z) = 4rrb ~ 8(r-t), 
~ 0 C I TO DOllY'IHM Clle.IJ.yiOII(HH OCTaTOK: 

-t inc ~ _,. ~-t --+ --+ -+ -+ --+ -+ 

8 v(r, t)= 4rr ~ bi 8(r-ri - ((ri ,t)) +4rrb ~ [8(r-r c((ri ,t)) -o(r-r i)],/23/ 
I 

npH'IeM nepaa.B: qacTL oTaeqaeT HeKorepeHTHOMy pacce.B:HHIO, 
a BTOpa.B: • KorepeHTHOMy, H OHa MO>KeT 6LITL laDHCaHa 
cne.IJ.YIOIQHM o6paJoM: 

.... 6(z-c;+(;,t)) 
~rrb ~[o(r-f. -((f.,t))-8(;-t

1
.)l=4rrN0bc[ .... (, .... -e(z)J. /24/ 

ci I I 1 +"\7 _(r,t) 

0T.IJ.enLHLie cnaraeMLie /23/ H 6Y.IJ.YT cny:>KHTL accne.IJ.ye
MLIMH B03Myll(eHH.B:MH. 

3. HeKozepeHmHoe HazpeeaHue 

Ilepaoe cnaraeMoe /23/ onacLisaeT KaK Heynpyroe, 
TaK H ynpyroe HeKorepeHTHoe pacce.B:HHe. K 'IHCTo Heynpy
roMy DPHBO.IJ.HT B03Myll(eHHe: 

inc --+ --+ -+ -+ -7 -+ 
ov=4rr~b. [o(r-r -((r.,t)) -o(r-r.)]. 

i I I 1 /25/ 

MaTpH'IHLIH 3neMeHT 3Toro BOJMyll(eHH.B: paaeH cornac-
HO /15/, ' 

Rl(k ,k) = T(k ) T(k ) ~ 4rrtnc v' rn ~( . -> ->) a q i (~-> 
o 0-\- l i i MN-=: -le_, K -=::e 

q q \/ w_. 
q 

8 

2 nO ( (LJ-{U 0 --(t))' 
q 

/26/ 

-> .... 
r.IJ.e i1=(k

011
-k11 ,-ik'

1
;_r:_k.l_). Kaa.IJ.paT MO.IJ.Yn.B: MaTpH'Ii~~ro 3ne

MeHTa, ycpe.I(HeHH-hlH flO pa3llH'IHLIM 3Ha'leHH.B:M bi , paaeH 

2 N o5 1 
!)R(ko,k)i2 =IT(ko+)T(k+)l214rrbincl ~ -21rnK-N x 

2 
(Ke) 2rrt8(w-w 0 -w) 

X~ __ q_ q 

q w q ew/r- 1 
/27/ 

r = 2rnk 
8
T/k 2 , k B - nocTO.B:HHa.B: IionL~MaHa, T - TeMne-

paTypa /HH>Ke nonaraeTC.B: T = 300°K/. IIocKonLKY Harpe
aaHHe YXH conpoao>K.IJ.aeTC.B: 6onLWHMH nepe.IJ.a'laMH 3HeprHH 
H HMnynLCa, TO MO>KHO C'IHTaTL, 'ITO 

K 
2 

"" k 2 
= w "" w q » w 0' T( k +) "" 1. 

Ilonara.B:, KpoMe Toro, 

2 ( e KJ 2 
co ~, -

1
- ~ 8 ( W- Wq) = g( W) , 

--q 3 3N -q 
r.IJ.e g( w) HOpMHpOBaHO Ha e.IJ.HHH~Y, nonyqaeM: 

W(k
0

,k) 1 
1T 

OTKy.IJ.a cne.IJ.yeT: 

2 
ko +. b inc rn 
------
k" b M 0-\- c 

g( w) 
w/r .... l' e 

/28/ 

/29/ 

/30/ 

.... 2k 0 l. 
/l(k) = _ _.:_T/' /31/ 
r k" 

o-t 
r.IJ.e 

2 

binc f rn -
TJ = M -b c 

v'~ g ( w) 
/ dw. 

ew r - 1 
/32/ 

BenH'IHHa 

2 
binc no'ITH .IJ.ll.B: acex aell(eCTB He npeaLiwaeT 
b c ' 

10- 14 c..w, O.IJ.HaKo Heo6xo.IJ.HMO yqecTL, 'ITO oTpa>KeHHe YXH 

9 



npoHCXO,QHT OT llOBepXHOCTHOrO CJIOJI BeiQeCTBa, KOTOpbiH 

HMeeT CJIO>KHbiH XHMH'IeCKHH COCTaB, ll03TOMY b inc onpe

,neJIJieTCJI He CTOJILKO H30TOflH'IeCKHMH HJIH CflHHOBbiMH xa-

paKTepHCTHKaMH JI,nep, CKOJILKO CaMHM pa3JIH'IHeM JI,nep, 

b~ 
fl03TOMY npaBHJILHee flOJIO>KHTL ~nc 

c 
_ 10112 cM.BeJIH'IHHY 

~ MO>KHO llOJIO>KHTh paBHOH 10-l, TOr,na 
b~ 

IDC m 13 
(-b-)·(.M) -10- . 

c 
11HTerpaJI B 1321 MO>KHO OU.eHHTL B ,ne6aeBCKOM llpH6JIH>Ke

HHH aenH'IHHon y7 ( r /. 0 )3 ;;; 10 8 npH r D > r I r 
0 

- ,ne6aeacKaJI 

TeMnepaTypal, llOCKOJILKY g( w) MO>KHO annpOKCHMHpOBaTL 

awpa>KeHHeM 3GJ 2 I w ~ , a 3KcnoHeHTa B 3HaMeHaTene 

o6pe3aeT HHTerpaJI llpH w"' r • ,lJ;JIJI fiOJILWHHCTBa BeiQeCTB 

r D > T H llOTOMY npHBe,neHHaJI OU.eHKa cnpaBe)l.JIHBa, o,n

HaKO llOBepXHOCTHbln CJIOH, OT KOTOporo llpOHCXOJ(HT OTpa

>KeHHe, MO>KeT oKa3aTLCJI ropa3,no 6onee pwxnwM, T.e. 

HMeTL T < T • B 3TOM CJiyqae HHTerpaJI B 1321 MO>KHO 
D 

-;-- T • j- 8 -1 
OUeHHTh BeJIH'IHHOn V T y- · llOCKOJILKy y T "' 10 CM , 

'D 
T 

TO, 'IT06bl HMeTL TJ "'fi • 1() , He06XO,QHMO HMeTL ·ro '"1000, 
'ITO HeB03MO>KHO, HfiO npH TaKHX HH3KHX r D llOBepXHOCTHbln 

CJIOn He MOr 6bl HaXO,QHTLCJI B TBep,nOM COCTOJIHHH. MO>KHO 

ce6e npe,ncTaBHTL, O,nHaKO, 'ITO llOBepXHOCTHbln CJIOn HMeeT 

Bb16poc B 'laCTOTHOM cneKTpe g( GJ) B 06JiaCTH HH3KHX 'laC

TOT. ,lJ;onyCTHM, 'ITO g( C1J) MO>KeT 6b1Th npe,ncTaBJieHa KaK 

g 
0 

( w) + Ao ( cv -w1~ Tor.na BKJia,n BToporo cnaraeMoro a TJ pa-

- T 

aeH A yr v -- . BeJIH'IHHa A, o.nHaKo, ,noJI>KHa 6b1TL Manon cu 1 

Ha ypoBHe 10- 5, 'IT06bl He npoTHBope'IHTL ,naHHLIM H3-

MepeHHJI HH3KOTeMnepaTypHon TellJIOeMKOCTH/3 -G/.B pe-

3YJILTaTe BKJia,n ,QOllOJIHHTeJILHOrO 'IJieHa B TJ BCer,na OCTa

eTCJI Man, KaKoBo 6w HH 6biJIO w 1 • He MeHJieT, ecTeCTBeH

Ho, CHTYaU.HIO H cneKTp g( w) "' g 
0
(w) + _::__, npe,nJIO>KeHHbln 

wv 
B pa6oTe /7/ ,QJIJI 06'LJICHeHHJI HH3KOTeMnefa TypHOn aHOMa

JIHH B TellJIOeMKOCTH, llOCKOJILKY a "' 10- H HHTerpHpo-

BaHHe B 1321 npOH3BO,QHTCJI ,no W D • 11TaK, HeKorepeHTHOe 
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I 
\ 

Heynpyroe pacceJIHHe, KaK cne,nyeT H3 acero H3JIO>KeHHoro, 

He MO>KeT 06'LJICHHTL aHOMaJILHO MaJioe BpeMJI y,nep>KaHHJI 

YXH B noaywKax. O,nHaKo Ha caMoM .nene ecTL eiQe o.nHa 

B03MO>KHOCTL - 3TO HeKorepeHTHOe pacceJIHHe Ha KOJie6a

HHJIX KJiaCTepoB. 

4. HeKozepeHmHoe HazpeaaHue Ha K/lacmepax 

llpe,nCTaBHM ce6e, 'ITO cpe,na COCTOHT H3 KJiaCTe

pOB, o6be,QHHJIIOIQHX B ce6e B cpe,nHeM no n JI,nep. AMllJIH

Ty,na pacceJIHHJI Ha O,QHOM KJiaCTepe paBHa n b c. llOCKOJILKY 

KJiaCTepbl MOryT HMeTL pa3JIH'IaJOIQHeCJI pa3Mepbl, TO MO>KHO 

onpe,neJIHTh KBa,npaT HeKorepeHTHOn aMllJIHTY.Qbl pacceBHHB 

Ha KJiacTepax: 

inc 2 - 2 2 - 2 
I b KJI I = ( n - n ) b c "' n b c , 1331 

r.ne 6wno npe,nnono>KeHo, 'ITO cpe.nHexaa,npaTH'IHhln pa36poc 

KJiaCTepoB An2 COCTaBJIBeT BeJIH'IHHY nopB,nKa n . TaKoe 

HeKorepeHTHOe H, B 'laCTHOCTH, Heynpyroe, paCCeBHHe, KaK 

HeTpy,nHo y6e.LJ.HTLCB H3 cl>opMynw 127 I, .naeT TeM MeHLwun 

BKJia,n B TJ, l.feM 60JILWe n ' llOCKOJILKY B cl>opMyJie 127 I 
B 3TOM CJiy'lae BMeCTO .\1 He06XO,QHMO llO,QCTaBHTh n\1 
a BMecTo N0 u N - cooTaeTcTaeHHo N ofn H N/n . ,LJ;pyroe 

,neJIO, eCJIH Mbl 6y,neM npe,nCTaBJIBTL KJiaCTepbl He3aBHCH

MbiMH OCUHJIJIJITOpaMH, TOr.LJ.a Cel.feHHe pacceHHHJI Ha O.LJ.HOM 

KJiacTepe 6y,neT nponopuHoHaJILHO ( n b ) 2. AMnJIHTy,na 
u c 

KOJie6aHHH KJiaCTepa 

S K.l = l 
w 

K.I 

e m - i u1 t 
'JJ . \ ------- a K I 

Kcl n \I (1) (U e . 
K.l K.l 

llpoBe.LJ.JI Te *e paCCY>K.LJ.eHHJI, YTO H llpH BbiBO.LJ.el25-3ll, 

nonyqaeM 

II 



-> -> 

m (k..,k)=T(k
01

)T(k 1)l(4rrnb ). 
KJJ u -t -t i C I 

y_m x 
nM 

X L 
- i Kf. ) 

(-ieK) e 1. a . 2rro(w-cuo-wKJJ ' -..:::===- w KJJ 
WKJI V W KJ! 

... __, N S 
lm (k k)\2 = \T(k )T(k ) j2 (4rrb h) 2 __!!!_ OKJJ KJJ O' ' o.,L -1. c· - x nM -21mK 

XL 
w 

KJJ 

\Kei 
WKJI 

2rr8 (w-w o-cqJ·t 
~~T 1 e -

2 2 -> -> 2 K 2 , 
N =N /ti · K "'k "'w"'w >>w · \K e I "' - · 

0KJJ 0 ' KJI 0 ' w 3 ' 

8( w -wKJJ] = g ( w) , l --3~ KJJ 
w 

KJJ 

-> -> 

W(k 0 ,k) 

-> 

!l(ko) 

1 koJ_ b ~ 
17 k" 

ol 

gK.ll ( w) 

--;;;;;:-· 
e - 1 

kol 
2 --ry 

k" 
ol 

7J=~bcf ywgKJJ(w)dw 
e (u I r - 1 

/35/ 

/36/ 

/37/ 

/38/ 

ConocTaBaM Tenepb nonyqeHHMe pe3ynLTaTw c ~aHHhlMa 
no TennoeMKOCTa. 0603HaqaM cneKTpanLHYIO 4JyHKJJ,aiO qac
TOT, He co~ep>KaiJJ,Hx KnacTepHMe Mo~w, qepe3 g 0 ((v~Tor~a 
TennoeMKOCTL o~Horo Mon.a seiJJ,ecTBa pasHa 

2 1c 
( )l( w) ~-=Co+-:: KJJ' C =3k 8 f[Nogo{w)+NoKJtgKJJw 2r sh2(w/2r) n 

p /39/ 

r~e g ( w) a g (w) HOjMapoBaHhl Ha e~aHau,y. HeTpy~HO sa
~eTL, OqTo ecn~ n"' 10 ,TO gK_iu>) MO>KeT aMeTb ni06oii CneKTp, 
a 3TO He 6y~eT npoTaBopeqaTb ~aHHhlM no Ha3KOTeMnepa-

12 
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TypHoii TennoeMKocTa. IIpe~nono>KaM, qTo gKJJ(w) oTnaqHo 
oT Hyn.a ~o w "' w I , Tor~a T/ , cor nacHo /38/, MO>KHO 
ou,eHaTL senaqaHoii 

m - T -4 T 
T/"' -beyr v-"' 5. 10 npa -"' 1000. /40/ 

M WI WI 

HHTepecHo OTMeTaTL, qTo ~n.a o6~.HCHeHa.a aHoManLHoro 
nose~eHa.a TennoeMKOCTa Heynop.a~oqeHHMX TBep~wx Ten 
npa Ha3Kax TeMnepaTypax /nHHeiiHoe y6Msaaae c TeMne~a
Typoii BMecTo Ky6aqecKoro /6wna BW.IJ.BaHyTa ranoTe3a S/ 
o Hanaqaa Ha3KoqacTOTHoii aHOManaa B cneKTpe Heynop.a~o
qeHHhlX Tsep~wx Ten, o6ycnosneHHoii KnacTepaMa c pa3-o 
MepaMa 60 - 70A. 3Ta ranoTe3a, KaK Mhl sa~HM, xopowo 
CornacyeTC.H C aHOManbHO BhlC0

0
KaM 1J • ,L{eHCTBaTenLHO, 

KnacTepw c pa3MepaMa 60 - 70 A co~ep>Ka T OKono 10 5 a To
MOB a MOryT aMeTb xapaKTepacTaqecKae qacTOThl B o6nacTa 
10I0 - loiirll, ana w

1 
=, 10- 3r. 

5. Kozepeumuoe uazpeeauue ua giououax 

PaccMoTpaM Tenepb B03MyiJJ,eHae 

-+ ~ -+ ~ 

0 v( r' t) = - u 0 e ( z) 'V .; ( r' t) /41/ 

,L{eiicTsy.a aaanoraqHo /26-32/, nonyqaeM: 

3 --> -> (, • '-' ) ... ... ....... -rn-a (211) 8(qli-KII )8~0-<Dq 
m(k k)=-T(k ,)T(k 1)u 0 ~(tqeJyMNw q k"l-i(kl+ql) o' o..~: q q o 

/42/ 

_ (211)
3 S.to(~l-~1) 8(W-<Do ;-wq) 

-> -> 2 12 l m 2 w I r ) ' 
lm(k0,k)\ =\T(kn.VT(k.j.)uo qMNwq[(kQI/+(kl+q} ](e q -1 

nonara.a 

1/[(kc)')
2

+(k+ +q+)
2 J, k:' o(k.J- +q.J-), 

o.j. 

/43/ 

/44/ 
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nonyqHM 

1 kol m d3q B(k-q)o(w-wq) 

(2-;;)z- ~ uoM r --N w T 1 
0-1- o e -

-> -> 

\\(k
0

, k) 
/45/ 

_. 2ko~ - - 1 
:d k o) = k ~~-17 ; ry "" ~ b c y""-;:-v ~ I 1 _--a~w_k_;_a_k -2 I ' /46/ 

r,IJ,e (LJ = k2 , a k JIBJIJieTCJI peweHHeM TpaHCUeH,IJ,eHTHOrO 

ypaBHeHHJI k 2 = wk. B cnyqae aKycTuqecKHX l}loHOHOB uJqe q, 

o 2me k .-
r,IJ,e t= -- .D03TOMY ~ V r 0 H 

-11 
17 Mano. Ecnu )l{e (J)q 

eCTh HH3KOJie)l{all\aH OnTuqecKaH BeTBh uJ a w 1 , npuqeM 

'" 
1 

':.:. 10- 3 ; , 'TO T/ MO)I{eT )J,OCTHqh 3KCnepHMeHTaJihHO Ha-
-4 

6mo,IJ,aeMoro 3HaqeHHJI 5.10 . Ilpe,IJ,noJIO)I(eHHe o Hanuquu 

KJiaCTepOB, KOne6JIIDU\HXCJI He3aBHCHMO C HH3KHMH qaCTO

TaMH, 3KBHBaJieHTHO npe,IJ,nOJIO)I(eHHJO 0 cymeCTBOBaHHH Ha-

6opa HH3KOJie)l(amux onTuqecKHX aeTaea, pacnpe,IJ,eneHH~x 

no HeKOTOpOMY 3aKOHy: 

6. HazpeeaHue Ha MeAKUX opoxaHUJIX cmeHKU 

PaccMOTpHM noTeHIJ,HaJI B03MYU\eHHJI 

ov ( ; ' t) = u 0 [ (} ( z- t; ~ (;. ) ) - () ( z) l . /47/ 

B ,IJ,anLHeaweM, ,IJ,JIJI ynpomeHHH, 6y,IJ,eM !;+ ( ;, t) o6oJHaqaTh 
-> -> 6 (.(r,t).ECJIH (.(r,t) biCTpO MeHJieTCH C yaenuqeHHeM Z Ha 

6 k ,- 1 6 rJiy HHe Z "" O~ , TO y,IJ,eM Ha3biBaTh TaKHe ,IJ,pO)I{aHHJI no-

aepxHOCTH cTeHKH MeJIKHMH u JaMeHHTh noTeHuuan /47 I 
noTeHuuanoM 

ov(t=:t) = -uo(.(t=:t) o(z). /48/ 

B cnyqae )l{e, Kor,IJ,a (. Me,IJ,neHHO MeHJieTC!l_ Ha rny6uHe 

npoHHKHoaeHHJI YXH BHYTPL cpe,IJ,hl, z "' k '0 -1- , To TaKue 

,IJ,pO)I{aHHH CTeHKH 6bi,IJ,eM Ha3b1BaTh rny60KHMH H paCCMOT-

14 
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~ 

pHM HX OT,IJ,eJihHO B CJie,IJ,yJOU\eM nyHKTe. 113 BCeX MeJIKHX 

.D.PO)I{aHHH Mbl paCCMOTPHM TOJihKO Te, KOTOpble o6yCJIOB

JieHLI. peneeBCKHMH BOJIHaMH, T .K. ,IJ,pO)I{aHHJI, o6yCJIOBJieHHble 

06LiqHLIMH I}JOHOHaMH, MaJIO qTo ,IJ,06aBJIT K KOrepeHTHOMy 

pacceJIHHJO, paCCMOTpeHHOMY B npe,IJ,LI,IJ,YlUeM ITYHKTe. 

MaTpHqHbla 3JieMeHT oT B03MymeHHJI /48/ MO)I{eT 6LITL 

JanucaH B BH.D.e: 

m(k0 ,k)=-T(k01)T(kl)u 0 ~elqVMNm w aq(2rr)
3

o((d--wo--wq), /49/ 
q s 

r,IJ,e B CMemeHHH (( r, t) aMITJIHTy,IJ,a KOJie6aHHH B3HTa 3aBH

CJIU\eH OT Ns , a He OT N, ITOCKOJihKY ORa onpe,IJ,eJIJieTCJI 

TOJihKO ,IJ,JIJI noaepxHoCTHbiX aTOMOB, qucno KOTOpblx N s· 

)J.eacTBYJI ,IJ,anee aHanoruqHo /27-32/, nonyqaeM: 

lm(ko,k) 12 =IT(ko~) T(k~)uol2 ~ /2~11. s (277)3Sto(~l ;II )o(cv--<LJ q) 
(2rr) NsuJ euJ/r -1 

q /50/ 

-> 

/1 ( k o> 
2 

2k 0-t-u 0 m d qll r 

2 M f 2 ~ 
(2rr) Nos w1 2 y(LJq- 'lll 

/51/ 2k0-t- . 
- 17' 

k 'o~ 

nonaraJI w = eq ' e= 
BOJIH, HaXO,IJ,HM 

2mc R 

if 
, CR - CKOpOCTh peneeBCKHX 

N T 1 dq 
17 '"k~'~ b ~ N oe2 ! ~'"k~l b ~ 

Os R 1 q 

--If;, 
No rXl -6 
-~-,"10 

Nose R 

k 0~ )' 
(x•~eR-. 

/52/ 

ECJIH 6bl HMeJIHCh BeTBH ITOBepXHOCTHbiX KOJie6aHHH CO CKO

pOCTJIMB , MeHhlllBMB C R B 20 pa3, HJIH HMeJIHCh OITTH-
"'- 3 6 qeCKBe BeTBH C Wq= W 1 "" ._, T, TO 17 MOrJia Ll ')J,OCTHr-

HYTh Ha6nro,IJ,aeMoro 3HaqeHHJI 5.10- 4 • 
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k ..jw 
ol a(k a)2 

o+' uo 
/60/ 

OTKy,!J,a BH.D.HO, 'ITO 11 MO:>KeT ,!J,OCTH'IL BeJIH'IHHLI 10-3 DpH 

a "' 10-8cM. 

HTaK, MLI BH.D.HM, 'ITO Manoe speMJI xpaHeHHJI YXH 

MO:>KeT 6LITL 06'LJICHeHO JIH60 ,!J,BH:>KeHHeM KJiaCTepoB, 'ITO 

xopowo cornacyeTCJI c TennoeMKOCTHLIMH H3MepeHHJIMH, 

nu6o ynLTpa3BYKOBLIMH ~o:>KaHHJIMH cTeHKH c qacToTaMH 

1010 rll H aMDJIHTY.D.OH 10 CM. EcnH KJiaCTepbl He cocpe,!J,o

TO'IeHbl y DOBepXHOCTH, TO OHH MOryT TaK:>Ke 06'LJICHHTL 

H ManLiii BLIXO.D. YXH H3 KOHBepTopos/lO I. 

ABTOp C'IHTaeT CBOHM .D.OJirOM OTMeTHTL, 'ITO H,!J,eiO 0 

KnacTepuoii npupo.IJ.e uarpesaHHJI YXH swcKa3LIBaJIH He3a

BHCHMO A.lllTaiiepn, M.B.Ka3apuoscKHii u B.B.ronHKOB. 

llpe.D.nono:>KeHHe o6 YJILTpa3BYKOBLIX BH6paUHJIX .D.aBHo BLI

cKa3LIBaJI B.H.JlYIUHKOB. AsTop qpe3BLI'Iaiiuo 6naro.IJ.apeu 

yKa3aHHLIM nuuaM, a TaK:>Ke A.B.CTpenKosy H IO.H.lloKo

THJIOBCKOMY 3a DOJie 3Hble 06Cy:>K,!J,eHHJI H ,!J,06po:>KeJia TeJILHLIH 

HHTepec K pa6oTe. 
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