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TnqffbIM paCilO/IOlKeHHeM HLiep, He npHBOLIHT K IlpOHHKHOBeHHID YXH BHyTpb 
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3KcnepHM9HThl no o5uapy)K9UHIO H ynep)K8UHIO ynbTpaxononHhlX Heii:T-

/ l 2/ /3; poHoB (YXH) ' nonTaepnHnH npencKasanHy10 H.E. 3enbnoBH"IeM 

B03MO)KHOCTb xpaHeHH51 YXH B 38MKHYTOM cocyne C 0Tp8)K8JOIUHMH CTeHKa

MH. OnHaKo apeMH ynep)KaHHH B sTHx . sKcnepHMeHTax oKasanocb 3Ha"InTenb

Ho MeHblIIe TeopeTH"!eCKH O)KnnaeMoro. Cornacuo TeopHH, yTe"!Ka YXH H3 

cocyna nponcxonnT acnencTBne co5cTBennoro pacnana ueii:Tpouoa, a TaK)Ke 

acnencTBHe saxBaTa H neynpyroro pacceHHHH (HarpeBaHHH) ua Hnpax cTeH

KH. Co5CTB9HHbl!I pacnan orpaHH"IHBaeT Bp9M51 xpaHeHH51 Benn_"IHHOH 

"' lOOOceK. 3axBaT n Heynpyroe pacceHHHe orpaHH"IHBaJOT BpeMH xpaHeHH51 

BenH"IHHOH t ~ 1/( n µ ), rne n -"IHCno coynapeHHH co CTeHKaMH B enHHH-

uy BpeMeHH, µ -cpennHH aepoHTHOCTb saxBaTa HnH HarpeaaHHH npH onHoM 

coynapeHHH co CTeHKOH 

,. 
µ ~ 2 f 

0 b , 

K 

K 
( 1) 

b '-KorepeHTHaH nnHHa pacce51HH51 Heii:TpoHa Ha 51npax CTeHKH, aa 

-ceqenHe ueynpyroro pacceHHHH, 

K cTeHKe KOM noHeHTa BonHoBoro BeKTopa Heii:TpoHa k 

N O -"IHCno ,.Hnep B enHHHue o5'heMa. .. 
3 
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'I 

CornacHo Bh1pa)KeHn10 ( I), BbI6b1BaHne YXH ns Me.Q.Horo cocy.na .non)K-

HO rrponcxo.nnTb B cpertHeM rrocne ~ 5000 coy,napeHnfi co cTeHKofi, a 

ns cocy.na c 6epnnnneBbIMn cTeHKaMn nnn cTeHKaMn ns rrnporpa¢nTa n 

Te<pnoHa, nocne ~ 100 000 coy.napeHnfi. 

8KcrrepnMe.HT )Ke rroKaSbIBaeT, 'ITO BbI6bIBaHIIe HefiTpO.Ha rrpollCXO.QllT 

rrocne ~500-1500 coy,nape.Hllll / 2/, Ilpll'I9M rrpn6nH3HTenb.HO O.Qll.HaKOBO .QnSI . 
BCex yKasaHHb!X BbIIIIe MaTepuanoB. CTonh 6onh1IIOe OTKnoHeHHe OT -reope

Tll'I9CKllX rrpe.QcKasa.Hnfi sacTaBnSieT rrpHCTanbHee BSI'nSIHYTh Ha rrpoueCCbl 

BsanMo,neficTBIISI YXH c BemecTBoM. 

O6bI'IHO KOa<p<pnuneHT rrornorueHHSI rrpH rronHoM 0Tp8)K9Hllll .HefiTpOHa 

oT 1rneanhHO rrnocKofi cTe.HKn, sarron.HSIIOmefi, HarrpnMep, rronyrrpocTpaHCTBo 

z > 0 , Haxo.nnTcSI cne.ny10mnM o6pasoM. Ha ypaBHe.HnSI Wpe.nnHrepa 

' 
2 ➔ ➔ 

[/1 + k - v (r)] 'P(r} 0 ( 2) 

➔ ➔ 

HaXO.QllTCSI BOnHoBaSI <py.HKUllSI HefiTpOHa 'P(r} • 3.necb v(r}=Uo. O(z),O(z) 
2 2 

paBHa I rrpH z ). 0 n Hyn10 rrpn z < 0 , k = (2m/h ) E E 

9H9pI'HSI HeiiTpoHa, m -ero Macca, a U O -KOHCTaHTa, xapaKTepll3YIOill8SI 

ssanMo.QefiCTBne HefiTpoHa C SI.Qp8Mll CTeHKll. 

B cnyqae, KOI'.Qa na.QaIOIUHH Ha CTeHKy .HefiTpoH OITHChIBaeTCSI ITIIOCKOH 
;1 .,. 

BOnHofi e tJ 

'I'• rt; 
0 

➔ ➔ ➔, ➔ ➔ ,,-+ 

(eikor + Aeikor) 0 (-z) + Be ilr.o' O(z) (3) 

➔ ➔ ➔ 

rae k O -BonHOBOH BeKTOP na.na10.ruefi, k; -oTpa)KeHHofi, a k ;' -npenoMne.11-

Hofi BOnH ( BCIO.Qy B .na11hHefi1IIeM KOMITOHe.HTbl BeKTOpa ;; 6y,nyT o6osHa'IaTb-

CSI ( iZ , K ) , r.ne K -npoeKUHSI k Ha nnocKoCTh z 0 ' a K = k ·z 

flpn 9TOM k➔o=(K➔O' f{ 0) ·• t~=(Ko,-lJ, t·~=(Ko, K'~). r.ne K'o=./K~-Uo 1 

. o,, ·K ._, 02 
llllH, B cnyqae ITOIIHOI'O OTpa)KeHHSI, "'o = i o='v U 0-1<0 • AMnnnTy.na oTpa-

)K9.HHOH BOnHhl npn nonHOM OTpa)Ke.lillll paB.Ha 

4 



-2;¢0 
e 

rile 'Po = arc cos (f./yu0 ) • CoOTBeTCTBeHHO KOaqlq>MUMeHT OTpa>KeHMSI 

R= IAi2 =e -2i<p~. e +21¢J 

(4) 

Ecnn q>aaa ¢. 
0 

( a,. 3HatJMT1 n u O ) lleil:cTBMTenbHa, To R = 1. B npoTnB-

HOM cnyqae ¢ =¢' - i<p" , n ecnn .¢ '~ « I i,, 0 0 . 
R.;.e-4 o-(1-4¢';) =(1-µ. ). 

BenntJMHa /L I onpelleneHHaSI nocnellHMM paBeHCTBOM, II eCTb K09q>q>nuneHT 

nqrnom eHFsr. Ero HeTpyllHO Bb!pa3MTb qepe3 MHMMYIO qaCTb u '; ( u O = 

= u.'-iu" 
. 0 0 

¢'o'= (d¢o_) ,u" 
du u =u o o O 0 

HeooXOllIIMO Uo CBsr3aTb C aMnnnTyllOH paccesrHMSI Heil:TpOHa Ha SI/lpax CTeH-
. ' . 

KM. ITocKOnbKY, cornacHO ypaBHeHM.IO ( 2) I Uo xapaKTeprtayeT KD9q>q>IIUHeHT 

npenoMneHnSI CTeHKII no OTHOlli0HIIIO K Heil:TpoHy, TO KaK cne)lyeT 113 141 

u ·
0

;,, 411N i 
rile b -KorepeHTnasr aMnnnTylla paccesrHnsr Heil:TpoHa Ha SI/lpax cTeHKn. 

KOr 
MHnMasr' qaCTb u,, ·nponopunoHanbHa MHIIMOil: qaCTII b ,~ • KOTopasr B 

o . Kor . 

cnny onTnqecKoil: · TeopeMhl paBHa k •U tot /411 , rile a tot =aa +ally +a y • a a 

ceqeHne aaxBaTa, a -cetJeHne Heynpyroro paccesrHnsr, a -ceqenne Hy . y 

ynpyroro paccesrmrn. Ecmr npellnono>KMTb, 'ITO a a =aHY = 0 , To b "Kor 

·Bee me OTnlltJHa OT Hynsr, 3To 03HatJaeT, 'ITO ll8>Ke npn 'IIICTO ynpyroM 
• 

oTpa>KeHnn qacTb Heil:TpOHOB TepsreTcsr. PaayMeeTcsr, 6eccnellHD ncqeaaTb 

5 



OHM He MoryT. 11MelOTCfl .[lBe BO3MOJKHOCTM: nM6o OHM nmp<pyHllMpy!OT BHyTpb 
'1\11 

cpenh1, nM6o oTpaJKaroTC.11 B npyrMx, He3epxanbHhIX HarrpaBne.llMflX. BbrncHe-

HM!O aToro Borrpoca n nocBf!IIIeHa HaCTo.11mag pa6oTa. 

3a ocHoBy rrpMHMMaeTCfl TeopMfl MHoroxpaTHoro paccemm.11 Bon.a 

(MPB) 15-9;. Kax cnenyeT M3 aTofl TeopMn, rrpM yrropflno11eHHOM pacrrono-

JKeHMM .11nep Benn11irHa U o -'IMCTO nettcTBMTenbHafl, M K03cp<pHUM9HT rrornome-

HHfl µ paBeH O (rrpM a
8 

=a =0 
HY 

). B cny11ae JKe .11eyrropflno11eHHoro 

pacrronoJKeHMfl TO'IHY!O cpyHKUH!O q, ( r➔ ) Bhl'IHCnMTb Henb3fl, a nng ycpenHe.11-

HOH ITO 8HCaM6nro flll9p <'I' ( r}> COOTBeTCTBY!OIIIafl BenM'IMHa U O CO!l9p>KMT 

MHMMyro 11acTb, OTBe11a10 myro ay I 9 I • 'LJT06b! BbHICHHTb, Kyna neBalOTCfl 

11enocTa10mMe Het1:TpOHh1, aeo6xonnMo HaiiTM cpenHee .< 'I' (1 )'I'* (r' }>, c rro

MOIIIb!O KOTOporo orrpenenf!eTCfl IIOTOK HeiiTpOHOB, paccef!HHhIX· BcnencTBMe 

aeyrropflllO'leHHOCTH fl.[lep HeKorepeHTHO. K COJKaneHH!O, ypaBHeHMfl TeopHH 

MPB ang <'I' (rJ 'I'*((')> OKB3hIBalOTCfl TpynHopa3p9lllHMh!MH, IIO3TOMY 

IIpHXO!lMTCfl IIpH5eraTb K o6xonHoMy MaHeBpy - MeTony 3KBHBaneHTHoro 

IIOT9HUHana, B KOTOpOM HMeeTCfl xoporno pa3pa6oTaHH8fl rrpouenypa T9OpMH 

B03MyIIIeHHHo 

B rr. 1 KpaTKO M3naraeTcfl TeopMfl M PB, rrpMBOllf!TCfl rrony11aeMhie c 

ee IIOMOIIIblO pe3ynbT8Thl H neMOHCTpHpy!OTCfl HM9!011Ill9Cfl 3.[leCb TpynHOCTH • 

B rr. 2 CTpOMTCfl 3KBMBaneHTHhlii IIOT9HUHan H C ero IIOMOIIIblO Haxo

.[lf!TCfl Koacpcp11uMeHT 3epKanbHoro oTpaJKeHHfl n yrnoBoe pacrrpeneneH11e He-

3epKanbHo oTp8>KeHHhlX HeiiTpOHOB. B '18CTHOCTH 113 3TOI'O rryHKTa cnenyeT, 

'ITO rrpoca'IHBaHMfl HeiiTpOHOB ,CKBO3h CT9HKY He IIpOMCXOllMT. 

B rr, 3 HaxonHTcg Koacpcp11u11eaT rrornomeHHfl YXH npH onHoKpaTHOM 

coynapeHHM co cTeHKoil, Korna Ha noaepx11ocT11 cTeHKH ancop611poaaao 

IIOCTOPOHHee aeruecTBo. 

6 



1. Teopirn MHoroKpaTHoro paccesrnm1 BonH (MPB) 

ilnH nanbHefiruero H3nO)KeHHH Heo6xonHMO KOHKpeTH3HpOB8Tb reoMeTpHID 

H ycnoBHH paccMaTpHBaeMhIX aana"I. 

llpenrronaraeTcH, · 'ITO cpena aaHHMaeT rronyrrpocTpaHCTBO z ·> 0 

Hnpa cpenhI aaKperrneHhl HerronBH)KHO H rronHOCTbID HeyrropHno"leHHO, T,e. 

C rrnoTHOCTbID BepOHTHOCTH V -N ' rne V -o6'heM cpenh1, a N "IHcno 

Hnep B Heft, n pacceHHHe Ha HHX nocTaTO"IHO TO"IHO OIIHCbJBaeTCH s -

BonHOBhlM rrpn6nn)KeHneM. llocnenHee rroaBonHeT aarrncaTb BonHoByro IPYHK

unro paccenBaeMoro HefiTpoHa B Bnne: 

il,;_;;1 
e 1 ➔ 
----b .t/J (r .), ,-;_; I , , 

i 

( 6) 

rne b -aMnnnTyna pacceHHHH Ha j -M Hnpe. t/J(r~)-aHa"leHHe BOnHOBOH 
1 . 

IPYHKUHH HefiTpoHa na j -M Hnpe, ¢ ( ?) -BonnoBaH tpHyunH nanaromero 

nefiTpoHa e il,.➔o,➔ • BonHoBaH tpyHKUHH na j -M Hnpe COCTOHT H3 rranaromefi 

BOnllhl n BOnH, 

( 7) 

. YpaBHeHHH (6) n (7) HBnHIDTCH OCHOBHblMH B Teopnn MPB. PerneHHe HX 

B cny"lae yrropHno"leHHoro pacrrono)KeHnH Hnep nMeeTcH B pa6oTax / 10- 131• 

llpn nonHOCTbID HeyrropHno"leHHOM pacrrono)KeHHH Hnep OTblCKHBaIDTCH 

KorepeHTHaH, T.e. ycpenHeHHaH no pacrrpeneneHHID Hnep BonHoBaH ipyHKUHH 

• YpaBHeHHH nnH Hee rrony"laIDTCH B peaynbTaTe ycpenHeHHH 
/9/ 

ypaBHeHHH (6) H (7) cornacHo rrpouenype 

;1,.1-:--;-1 
<'P(r}>=cp(/J-N0 <b> f e < '«/J(r')>d 

3
r~ 

lr➔-?-1 
(8) 

7 



"' n~:1; ' -~'~1 
<if,(1" ),>= cf,{t' )-NO< b •> f e <if,(?")·> d 3 r '; 

r;., -?"·I ( 9) 

rne HHTerpHpoBaHHe npOH3BO/lHTCH no npocTpaHCTBy, 3aHHTOMy cpeaoft. 

ITonytta_IOUlHeCH HHTerpanbHbie ypaBHeHHH ( 8) H ( 9) OilHCbIBaIOT 
.,.➔ ➔ 

OTpa}KeHHe nnOCKOft BOnHbl cp (r➔)=e I 
Or OT CTeHKH C acpcpeKTHBHbIM no-

TeHUHanoM (aaecb H nanbme noTeHuuan H aHeprHH paccMaTpHBaIOTCH coo-

MeCTHo c MHO}KliTeneM 2 m I h2 
, rne m -Macca HeftTpoHa): 

v(r }=u
0 

0(z)=4rrN 
0

<b,>0 (z). 

Cne/lyeT OTM9THTb, 'ITO noTeHuHan v( r) Bcerna CO/lep}KHT MHHMYIO 

ttaCTb, H5o MHHMYIO ttaCTb CO/l9p)KHT BXOllHUlaH B Hero aMnnHTylla b 

MHHMaH ttaCTb U O oTnHttHa OT HynH /la}Ke B TOM cnyttae, KOrlla OTCyTCT

ByeT aaxBaT Ha Hllpax, H5o B CHny OilTHtteCKOft TeopeMbl B 3TOM cnyttae 

MHHMaH ii:acTh b paBHa k I b:I 2 
, 

KaK noKaaaHO BO BBelleHnn, 3TO O3HattaeT, 'ITO K03<pq>HUHeHT OTpa}Ke-

HHH OKa3bIBaeTCH MeHhllie emmHUbl Ha. BenH'IHHy µ.= 2 <I b [> k ~ 
· <b'·> Ko 

H e/lOCTaromne HeftTpOHbl ecTeCTBeHHO lICKaTb B HeKorepeHTHOM noToKe, 

KOTOpbrft onpeaenHeTCH ttepe3 KoppenHUHOHHYIO cpyHKlllIIO 

➔ ➔ ➔ ➔ ➔ ) (➔ ) lp ( r 1' r 2 ) = < 'P ( r 
1
) 'IP *( r 2 )> -< 'IP ( r 1 •><'IP* r 2 

1>. 

YpaBHeHne 'IP (r~ r; ) nonyttaeTCH B peaynbTaTe ycpe/lHeHHH npoHaBelleHHft 

llBYX ypaBHeHHft (~) 

;,. I-: -1'1 
➔ ➔ 2 e "I 

'P(r 1 r2 )=N0<lb) >f--
!? _-;, I 

l 

• 11 ➔ ➔ ,I - ,,., ,,,-,. 
e ..,. [!< if,(r➔'),>12 +if,(r:-;')]d?'+ 

1-; _-;, I 
. 2 

8 



ilo 1-:1 -11 
2 2 e 

+No J<b> I ·J-
1 

➔-➔-,-1 -r 1-r 
( 10) 

I'Jle 

1 r,.: ," J=< !/Irr'; 1*(7" J,> -< v,(7' J1><!/I* (r"J,> 

lI noJiqlIHHeTCH ypaBHeHnro 

ilo I ·~\--;;I -il I ;+2 -7' I 
ip(r1,r) =No<lbl2'> I e _e _____ [l<i/Irr'),>!]2+!/Irr:i"')]/,,.+ 

I ➔ ➔ ,I ,,- r I ➔ ➔, I 
r 2 -.r 

( 11) 

YpaBHemrn ( 10) n ( 11) OTmiqaroTCSI TeM, qTo qiyHKUifH ip (;:> , r ) 
1 2 

onpeJieneHa BHyTpn cpeJ1b1, a IJI (Pz ,1;) - cHapy)1m. 

HeKor-epeHTHblti IlOTOK CHapy»m cpeJibI onpenemreTCH qiopMynoti 

➔ 

1 =-L f'im (V~ -v,-... )IJl{r,r'). 
2i ,"..+, ' ( 12) 

HeKoI'epeHTHblti IlOTOK BHyTplI cpenbr onpenenHeTCSI Toti )Ke qiopMynoti 

( 12) 1 C qJyHKUHeti !p (r, r ') BMeCTO IJI (GT') • K COllianeHnro, ypaBHeHHH 

( 10) If ( 11) HeKoppeKTHbI. lfro6b! 38MeTHTb 8TO, HYlliHO nonOlliI!Tb B ( 11 ). 

t l = r2 . • Tor-na, . IlOCKOnhKy !p fr l' r
1

) 38BI!CI!T TOnbKO OT Z I , TO 

nHTer-pan no x' If y' B nepBoM qneHe npaBoti qacT~ (11) 6epeTCH B HBHOM 

Bune, HO OK83bIB8eTCH pacxonmIII!MCH. B03MOlliHO, onHaKo, qTo 8Ta pacxouu-
... 

g 



MOCTb KOMneHCHpyeTCSl~aHanornqHOH me pacxonHMOCTbID BToporo qneHa. 

YKaaaH HOH TpynHOCTH He BO3HHKaeT1 ecnH ypaBHeHHe nnSI tp (r1 , f) aa-
• 

nncaTb, cornacHo ¢onnn 161, B BHne: 

➔ 2 2 ~ ➔ ➔ J( ➔ J I 2 r ➔ ➔ JJ 3 t/J(i\,r 2 J=(4 rrJ N
0 

<lbl > .fL,r
1
r2r

0 
l<t/J(r

0 
1> +t/J r0 r0 d r 0 , (13) 

rne /,(~ r2 r0 J nonqHHS!eTCSI ypaBHeHHID 

L r-;1~ ;:>OJ =G (r lo JG* ( s ,➔OJ- I G( ,; r, JG*(,; r "JI u 00( z 'J[6. "+k 
2 
-u.l{ z ")}+ 

( 14) 

+ u J)( z "J[6. '+ k 
2

- u00{ z 'Jll L (t 'r",➔0 )d 
3r 'd 3 r': 

a G ( r; ,-;, -¢yHKUHSI fpHHa ypaBHeHHSI ( 2). 

PerneHne HHTerpanbHoro ypaBHeHHSI (14) MeTonoM HTepaUHH ocnomHS1-

eTcS1 TeM, qTo acpcpeKTHBHbll'i napaMeTp, no KOTopoMy npOH3BOnHTCSI HTepa

UHSI, HMeeT nopS1noK uo/(uo-k 2 J H He Man. Ecnn, HeCMOTpS! Ha 3TO 

Bocnonb3OBaTbCSI HyneBblM npn6nnmeuHeM H noncTaBHTb L ( ,➔l '2 ,-;, J 
= G(r1 1

0
JG*(r

2 
r

0
J B HHTerpan (13), B KOTOpOM B nepBOM npn6nnme-

HHH nono~Tb t/J (; ,➔ J paBHblM Hynro, TO OKameTCSI, qTO ITOTOK HeKore-
0 0 

peHTHO pacceSIHHblX HettTpOHOB HanpaBneH TOnbKO Hapymy H paBeH 

2 <'bl2·> 
l=- {---

" 2TT I <b >I 
k 

K~i 
2 

d 0 

uo{ K o+K J 
( 15) 

TTpH 3TOM OCTaeTCSI Ta HeynoBneTBopeHHOCTb, qTo HeKorepeHTHblH ITOTOK 

He KOMneHCHpyeT HenocTaqy HettTpOHOB B aepKanbHOM HanpaBneHHH: 

,.ilh:1 2,, f 2 
2 k ~ _o_ • TTepexon K 3KBHBaneHTHOMy ITOTeHUHany IlO3BOnS!eT pe- . 

<b ',> Ko 
rnHTb aanaqy 6onee ynoBneTBopnTenbHo. 

10 



2. 3epKanbHOe 0T08}K9HH9 B T900HH nceBnQTT0T9HUHana 

IlocTpOHM Il0TeHUHan V ( tJ B ypaBH9HHH lllpeaHHrepa (2) TaK, qTo-

6b! peaynbTHpy10maSI 'P (i' ) T0~9CTB9HH0 C0Bnaaana C B0nH0B0tt q>yHKUHett 

'P ( r) Teopnn M PB. .OnSI aToro BocnonhayeMcSI cneay10mett npoueay-. . 

pott /14,15/
0 

3annweM ( 6) B Bnae 

i.t I ,._ 1 , I 
'P(1}=¢ (r) + ( e T(i'' )d 

3r: 
. I, -➔r, I 

YpaBHeHne lllpeanHrepa ( 2) aarrnweM B HHTerpanhHoil q>OpMe: 

il I :-i'I 
'11 { r➔;= rp(rJ :_ _l_ (-'e"-➔-➔--- v(r') 'P(r➔')d 3 r' 

4TT lr-r·I 

CpaBHHB8SI ( 18) C ( 16). HaxoanM: 

T(i' )= __ l_ v(i')'P (rJ. 
477 . 

TToacTaBIISISI c10aa 'P ( ;:') , na ( 18) rronyqaeM: 

T(r)= - .L v(r)rp (r)- -1-v( i') I 
41T 4" 

ByaeM HCK8Tb v(i') B BHae: 

rae 

V (?) = ~ 4 1T V • 8 / ;:' - ;:' ), 
1 I 

8/i'J= 3 
3 

0 (R-r ). 
4TTR 

il j1 -11 
e 

11 

( 16) 

(17) 

( 18) 

( 19) 

( 20) 

( 21) 

( 22) 



TToncTaBmrn ( 21) B ( 20)' npIIHIIMaH BO BHIIMaHIIe ( 17)' II aaMeHHH ¢( r-, 
ilc➔ ➔ 

nanaromefi BonHofi e '! , nonyqaeM: 

➔ ➔ ➔ ➔ ➔ iftor➔ 
"i.b.o(r-r.}t/J(r .)=2v.o (r-r )e 
jl 1 1 ;1R I 

I ➔ ➔ ., 
, j/,. I 1 - 'e 

-Iv. oR(r➔-,.) "i, e b n 1/f (r-;,J. , , e 
1 
➔- ➔ .

1 
L L 

r re 

( 23) 

TTpoIIHTerpIIpyeM o6e qaCTII ypaBHeHIIH no OKpecTHOCTII panIIyca R BOKpyr 

TO'IKII '; II cpaBHIIM nony'leHHOe ypaBHeHIIe c (7). YpaBHeHIIH oKa~yTCH 

TO)KlleCTBeHHbIMII, ecnII nonO)KIJTb 

rne 

C 

b; 
V =----------,--

/ 3 b. 
C (1 - ik b . )- - _, f 

1 2 R 

R 
3 j j o ( k r) r 2d, 

-R3 
=:.l-(kRJ2/ 10+ ... 

R d 2 
f =2 J cos ( k r J -'-'

2 
:: 1 - ( k R J I 4 + ... 

o R 

no CIIX nop He 6hrno cnenaHo HIIKaKIIX npennono)KeHIIfi o BenII'IIIHe panIIyca 

R • BbI6op aTofi BenII'IIIHbI MO)K.1{0 cnenaTb Ha OCHOBaHIIII cnenyromIIx 

coo6pa*eHIIfi. Bo-nepBhrx, oKOH'laTenbHhifi peaynbTaT non*eH cna6o aaBII

ceTb OT R •. 3TO 3Ha'IIIT, 'ITO C II f non)KHbl 6b!Tb 6nII3KII K enIIHIIIIe, 

T.e. kR«l ' II, KpoMe Toro, R non)KHO 6bITb 3Ha'IIITenbHO 6onbUie 

I b . I • Bo-BTOPhIX, npII IIHTerpIIpoBaHIIII ypaBHeHIIH ( 23) no oKpeCTHOCTII 
1 

panIIyca R BoKpyr TO'IKII r I Monqa~IIBO npennonaranocb, 'ITO ocTanbHhJe 

pacceIIBaromIIe ueHTpb! OK83bIBaIOTCH Ha paCCTOHHIIHX 6onbllIIIX, qeM R OT 

TO'IKII ;; • B npoTIIBHOM cnyqae ypaBHeHIIe ( 23) He CBOllIInOCb 6hr TO'IHO 

12 



K ypaBHemno ( 7) n B03HHKann 0bI nonpaBKH, KOTOpbie MO)KHO y'l:eCTb cne-

llYIDmHM o6pa3oM. BepOHTHOCTb HeKOTOpoMy llpyroMy HllPY norraCTb BHyTpb 

ccpe pbI pallnyca R e6nnan TO'IKH paBHa - 1- ....1:._ 1rR 3 
, rile V -

V 3 

O0'beM Bcefi CHCTeMbI. BepoHTHOCTb nonallaHHH B aTy o6naCTb nro6oro H3 

N Hllep B N pa3 6onbwe. OTCIDlla BenH'IHHa nonpaBKH, B03HHKaromefi 

BcnellCTBHe Toro, 'ITO B o6nacTH pallHyca R MoryT OKa38TbCSI llBa Hllpa, 

N 4 J R )3 paBHa 'JT 3 1r R "" ( P , rile a -cpellHee paCCTOHHHe Me)KllY Hllpa-

Mli~- 'YTO0bI aTa nonpaBKa 0bina Mana, HeooXO/lHMO ~b!0HpaTb R 3Ha'l:HTenb-

HO MeHbllB a • IlocxonbKY k- 1 
llnH YXH aHa'l:nTenbHO 6onbwe a , To 

paayMHbIM BbroopoM R 6ylleT b « R << a •· B npaKTII'leCKIIX ycnoBHHX 

b - 10-12 CM, a - 10-8 CM, Il09TOMY R MO)KHO Bb!0HpaTb B llHanaaoHe 

10-l l CM < R < 10-9 CM. Mo)KeT oxaaaTbCH, 'l:To HeKOTOpbie KoHe'l:Hbre 

peaynbT8Tb! noTpe6yroT Cy)KeHHSI yKaaaHHoro HHTepBana, npH aTOM_, Il0CKOnb

KY yTe'l:Ka YXH H3 cocylla HBnSieTCH llOCTaTO'IHO TOHKHM acpcpeKTOM, 

Heo6xO/lHMO Bee epeMH cnellHTb, He oKa)KyTCSI nn ycTaHOBneHHb!e rpaHHUbl 

np0THBOpe'l:HBb!MH. 

BepneMCH K noTenunany v r,.) •· nerKO y6ellHTbCH 1 'ITO B cnyqae 

'l:HCTo ynpyroro pacceSIHHH 6ea aaxeaTa Im v .i = 0 , ecnu )Ke aaxBaT 

HMeeT MeCTO, TO npH. yxaaaHHOM BbIWe pa/lHyce R vi npno6peTaeT 

MHHMyro llO0aBKY, paBHyro ~ k a a. I 4 Tr , rile a a -ce'l:eHHe nornomeHHH. 

nefiCTBHTenbHaSI )Ke 'l:aCTb V 

Reb;=bi 

c 6onbwofi cTenenbro TO'IHOCTH paBHa 

YpaBHeHHe WpellHHrepa ( 2) MO)K!IO pewaTb no TeOpHH B03MymeHHH, 

ncnonbayg B Ka'l:ecTBe uyneeoro npn6nH)KeHHH pew euue 'P 
0
(() B none ycpell

ueuuoro noTeHunana 

( 24) 
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I10TeHuHan U ~ IIp!I OTCyTCTBIIII 38XB8T8 - tJIICTO aeiiCTBIITeneH. PerneHIIe 

amr YXH ypaeHeHHsr ThpeaHHr~pa c rroTeHuIIa~oM ( 24), coaep:>1<aruee na
il➔ ;'! 

Jl810lllYIO rrnocKylO BOJIHY e O 
I IIMeeT BIIJl ( 3). 

PerneHHe ypaBHeHJISI illpeaiIHrepa ( 2). C IIOTeHuHanOM ( 21) 

L1+k 2 -v/f1]'P(r➔)=v/"1J'P(r), ( 25) 

rae 

v
1 

(rJ=v(r)-<v(r;>, ( 26) 

H8XOJllITCSI IITepaUIISIMII 

'P (r) ='P
0
(r)+ I G(r, r')v (t') '1'

0 
(r' )d-Jr, + 

r G ( ➔ ➔, ) ( ,..,,) G ~ , ➔--) r+ ") m (➔ ,, ) d 3 , d 3 ,, + r,r v
1 

r ,r,r v 1r r r r r +····, 
1 0 ( 27) 

rae G ( r➔, r ') -¢yHKUIIsr fpHHa ypaeaeamr ( 2) c rroTeHuIIanoM ( 24) 

I i"i<<p-p'> d2 
G(r,r'J=-- {e [y (z}h (z')0r z-z')+y

0
(z')h~(z}0(z '-z)]--K-, (28) 

~ (2rrJ2 · K K · « « 2 iK 

rae K= ,J k2 
-K 

2 
, a y y/ z) , h/ z) -nIIHeiiao He3aBIICIIMbie perne-

HIISI ypaBHeHII.SI 

2 

[-d-+ K 2
-u' 0(z}]l{l(z}=O 

dz 2 o & . 

r,_(z) =(e ,K\ K -i Ke 
i+ iK 

K 2K e _, %)0(-zJ+ ·K 
i + i 

14 

( 29) 

-Kz 
0 ( z) 



( ) _,fz J ( K -rn Kz 
hiz=e 0(-z + iK e + K +iK 

2K 
e -Kz ) 0(z). 

ITonpaBKY K aepKanbHOH BOnHe aaeT ycpeaHeHHhlH TpeTHH qneH npaBoH 

qacTH ( 27) 

(30) 

ITpH 9TOM peaynbTHpyIDmHH K09~~HUH0HT OTp81K0HHg CT8HOBHTCR paBHbIM: 

1
fro6b! H8HTH '-'~o B (44), Hy1KHO H8HTH cpeauee<v/r"Jv/r")> 

ITpHHHMaR BO BHHMaHHe ( 28) H ( 21), HaxoaHM: 

(31) 

l1HTepecHO OTMeTHTb, qTo 9TO BbIP81K0HHe COBnaaaeT C ( 15) ( nocne YMH0-

1K0HHR Ha Ko). 

YrnoBoe pacnpeaeneHHe. H0HTPOHOB, pacCeRHHblX B HeaepKanbHblX 

HanpaBneHHRX, aaeTCR ~yHKUHeti IJI l (r} 1 KOTopyID M01KHO npeaCTBBHTb 

B BHae: 

(32) 

15 



rne np11 z ➔ -.oo ~ 

➔ ➔ ➔, 
i(K 0-K}p 

,-;; ( ➔ ) -iL 1 • f ( ') ( ') (➔ ') d 3 , ..- K, z = e -- y O z yo z e v p r. 
I 2 i i ,_ . "'o . I . . (33) 

CornacH0·113aecTHou TeopeMe 113 ~yphe-aHan113a 

fl 'I' 1 (r'Jj2 d 2
p = fl iii/ re, z Jl2 d

2
K 

(2 77) 2. (34) 

2 ➔ 

ITosTOMy aom1 HeuTpOHOB, 0Tp8)K0HHI,IX B sneMeHT d K C npoeKuIIeu K 

BOnHOBOI'O BeKTopa k Ha nrioCKOCTb oTpa)KeHIIH, paaaa: 

·- 2 di I '1'1 ( K, zJI 
2 . {2_tLL..,_ W(K}d 2 

K 

fl fP (r'Jl 2 
d 

2
P 

rae ¢/tJ -nanaJOIUaH nnocKaH BonHa. 

BaeaeM IIH/llIK8TpIICy 0Tp8)K0HIIH 

R(0,0~= .i._<W(i7}> d
2
K, 

K
0 

· d 0 

(35) 

(36) 

'rae O O II O -TeneCHbie yrnhl naneHIIH II 0Tp8)K0HIIH COOTBeTCTBeHHO. 

YcpenHeHIIe B Bbip8)K0HIIII (36) C yqeToM (35) II (33) npIIBO/llIT K 

2 K K2 
2 < b ' '> ---:· o7ir_ 

R ( 0, 0 0 J = -:;- <b '> -- u /K 
O 

+ K ) (37) 

AHanor11qHbie pacqeTbl np11 Z ➔ +. 00 llOK83b!B8IOT, qTo BHyTpb Cp0/lbl 

HeuTpOHbl He pacnpocTpairnIOTCH. 3TO BII/lHO .II 113 cpaBHeHIIH (37) C ( 31). 

CpaBH0HIIe noKa3bIBaeT, qTo H03epKanbHO OTp8)K0HHbie Heil:TpOHbl Jl8IOT B 

COBOKynHOCTII BCIO TY nonJO Heil:TpOHOB, KOTOpbIX HenocTaeT B 3epKanbHOM 

HanpaaneH1111. 

16 



3. KoadxpnqneHT rrornorqegnH rrpn oTpasneunn rrosepxHocTH 

ITycTb OTpamaromaH CTeHKa COA8pmllT a6cop6npoBaHHOe llOCTOpOHHee 

semecTso, pacrrpeAeneHHoe no aaxoHy 

(➔) -2~z N 
1 

r =N 1 e , (38) 

rAe NI -qncno nocTopoHHllX HAep B 8AllHllU8 OO'beMa BOnll3ll nosepXHOCTll. 

Ecnn aMnnnTyAa pacceHHllH a6cop6npoBaHHbIX aTOMOB pasHa b 1 ' TO llX 

npncyTcTBll8 BHyTpll oTpamaromefi cp8Abl 8KBllBanelITHO AOOaBn8HllIO K no

TelIUllany Vo (r) B03MYIII8HllH 

Bv(tJ =41rN 1 <r)b 1 , 

KOTOpoe ll3M8HH8T BonlIOBYIO <pyHKUllIO '1'/r) B rrepBOM rropHAKe T8Oplm 

soaMymennfi Ha.sennqnny 

'I' <r)= __ ,_· K_o_ b1 N 1 

1 K vF o+s o 

Paccy)l{AeHHH, aHanorll'IHbie TeM, KOTOpb!e conpoBomAann Bb!BOA 

( 31) I llOK83b!B8IOT, 'ITO aepKanbHOe OTpamemre YM8liblII88TCH !Ia Benll'lllHY 

rAe b ,, -MHllM8H '18CTb aMrrnnTyAbl paccemmH a6cop6npoBaHHb!X 8TOMOB. 
1 

3aKnIO'l8Hll8 

KaK cneAyeT na peaynbTaToB nyHKTa ( 2), yTe'IKll YXH na HaKonII

Tenhii:oro cocyAa scneACTBIIe neKorepeHTHoro pacceHHllH1 o6ycnosnefIHoro 

HeynopHAO'18HHOCTbIO HAep cpeAbI, He npoIICXOllllT. 3To O3HaqaeT, 'ITO H8T 
• 

HIIK8KOfi All!p<py3llll neil:TpOHOB BHyTpb BeIIIeCTB. PacrrpocTpaHeHne AnllHHO-
11, 
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BOnHOBbIX HettTpOHOB ~apaKTepn3yeTCH B OCHOBHOM KorepeHTHOH BOnHOB0H 

¢yHKUHett, ecnH me BOnHoBaH ¢YHKUUH B HeK0TOpOM MeCTe npno5peTaeT 
• 

HeKorepeHTHYJO ao5aB~Y, TO,ITOCKOnbKY HCTQqHHKOM 3T0H ao5aBKll HBnH-

eTCH KorepeHTH8H ¢yHKUHH, aanhHelhl.iee pacnpocTpaHeHne onpeaenHeTcH 

BOnH0Bb!Mll 38KOH8MH. 3Ta HeKorep~HTHaH A058BKa 5naroaapg TOMY, qTo 

3HeprHH YXH MeHbllie noTeHunanbHoro 5apbepa, 5yAeT 38TYX8Tb BHyTpb 

BemecTBa, a, 3HaqnT, npHBOAHTb K pacceHHll!O o5paTHO B BaKyyM. 

OTHOCHTenbHO oTnnqng aMnnHTYA 3epKanhHOro oTpameHHH B noTeH

unanbHOH Teopnn H Teopnn MPB Heo5xoanMo cKa3aTb cneay10111ee. AMnnn

Tyaa 3epKanbHoro oTpameHHH TonbK0 B TOM cnyqae onpeaengeTCH KorepeHT-

HOtt BOnHOBOH ¢yHKUHett <IJ' (rJ-> 1 ecnH pacnpeaeneHHe <IJ''j(r}IJ' 1 (1J,> 

o5ycnoBneHHOe ¢nyKT)l.7py10u1eii nonpaBKon, 'I' 1 ( iJ , He coaepmHT 8 · -

o5pa3Horo Bb!5poca B 3epKanbHOM HanpaBneHHll, B noTeHunanbHOH Teopllll 

HyneBoe npn5nnmeHne 'I' ( < v (r)>) 
0 

(3Aecb yKa3aHa ¢YHKUHOHanbH8H 38-

BllCHMOCTb 'l'o OT ycpeAHeHHOro noTeHunana) OK83hlB8eTCH yaaqHhlM B 

TOM CMbICne, qTo ¢nyKTyHpy10111ag nonpaBKa '1'z(v(1J-<v(i1·>) He 

aaeT M8KCHMYMOB B 3epKanbH0M HanpaBneHHll, B cnyqae me Te0pllll MPB 

TaKoro YTBepmaeHHH caenaTb Henb3H, n5o TpyAHOCTH, B03HIIK8JOll1He B 

ypaBHeHHll (10), MOmHo paccMaTpllB8Tb K8K CBHAeTenbCTB0 O Heo5xoan

MOCTII nepeHOPMllpOB0K B KOppenHUHOHHOH ¢yHKUHH, K0TOpbie nonmHbl TaK 

ll3MeHHTb aMnnHTYAY OTpameHHOH BOnHbl; qTo6bI ·nonyqnnocb nonHoe corna

cne C Bb!pameHHeM ( 15) ll C pe3ynbT8T8Mll, nonyqeHHblMH B noTeHUHanhH0H 

TeopHH, 

ABTOp npHHOCHT CBOIO HCKpeHHJOIO 5naroaapHOCTb <t>.n. llianupo 38 

ITOCTOHHHb!H llHTepec ll CTHMynnpy10111He- o5cymaeHHH. 'n B. n105oll1HUY· 38 

PHA ueHHbIX 38MeqaHHH. 
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