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Ill 
Cornacao axcnepHMeHTaM , apeMH xpaaeHHH aeATpoHa a cocyae 

OK83biBBeTCH B HeKOTOpblX cny'I8HX DpPMepHO Ha DOpHaOK MeHbWe TOr0 1 

KOTOpOe cneayeT OlKHa8Tb1 HCXOaH H3 H3BeCTHbiX BenH'IHH Ce'leHHit 38XB8T8 

H Heynpyroro pacceHHHH H8 Hapax CTeHOK. 8 CBH3H C aTHM DOTpe6oBanCH 

6onee noapo6uwit aHanua npoueccoa BaaHMoaeitcTBHH yn&Tpaxonoaawx aeA

TpoHoB (YXH) C BeiUeCTBOM. 

HaCTOHIU8H pa60T8 DOCBHIUeHa onpeaeneHH~ aepoHTHOCTH HarpeBaHHH 

YXH npu oauoM coyaapeHHH co CTeuxoit. 3ra aepoHTHOCTb HrpaeT pon& 

~~eKTHBHOrO KO~~HUHeHT8 nornoiUeHHH 1 &60 HarpeBWHftCH HeATpOH He 38-

aep)I{HBaeTCH cTeuxaMH uaxonHTen&Horo cocyaa. 06&I'IHO npouecc coyaape-
/2/ 

HHH YXH CO CTeHKOii ODHCbiBaeTCH C DOMOIUb~ DOKB3BTenJI npenoMneHRB 

n = y 1 - 411 N b/ R 2 
0 

rae NO - 'IHCnO Haep B eaHHRUe o6'beMa CTeHKR1 b = b' - j b" 1 b' 

ka b"= __ e_x 

411 
xorepeHTHBB an&aa pacceBBBB·, a ex 

- Ce'leHHe SKCTRBKURH1 

xoTopoe axn~'laeT B ce6B: u a ce'leuae aaxaaTa, u - ce'le&He ynpyro
Y x/ 

ro pacceHHHB - Ce'leBHe seynpyroro paCCeBBHBi k - BOnDOBOI 

aexTop seRTpoaa. 

~ LH E u1 axoaHT a u Ton&Ko a cny'lae aMopPsoA cpeaH. en& cpeaa 
MOHOKpHCTannH'IeCK8H1 TO B 6" C?eplKRTCB TOIIbJ[O sexorepeBTB8B cnara~ 
maB a y • Eonee noapo6so cM.'3 • 
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~-------.-:~ ~~- ---~------

Ko~HUHeHT rrpenoMneHHH (1) orrpeaenaeT aMnnuTyay oTpa*eHHOA sonHhl 

l-iK 

l + iK 
e ( 2) 

.... 
rae { - HOpM8nbH8H K OTP8*8IOineA IIOBepXHOCTH KOMIIOHeHT8 BeKTOpa k , 

- 2 
K = ..) 4rrN b - t 

0 

arccos -====·. 
..)4rrN b 

0 

nocxonhKY b - KOMnneKCHO, TO cP838 ¢ 

¢, = 
b" 

2b' 

nO'STOMy KOscPcPHmeHT OTpa*eHHH R 

HHUbl R = 1 - ll , rae 

b" J{ 
2-

b' K 
2k 

u a + uy + u Hy J{ 

4rrb' K 

J{ 

J(" 

I AI 2 
OK83biB8eTCH MeHbWe eaR-

BenH'IHH8 ll BCIOay B aanbHeHWeM H83biB8eTCH KOScPcPHUHeHTOM rrornomeHHSio 

x/ 
Ce'leHHe yrrpyroro pacceHHHH He rrpusoauT K Bhl6biBaHHIO YXH Ha aaxorrH-

/3/ . 
TenbHOrO cocyaa, IIOCKOnbKy, K8K IIOK838HO B , Ta '18CTb HeHTpOHOB, KO-

TOp8H He OIIHCbiBaeTCH KOScPcPHUHeHTOM R 0 OTpa*aeTCH OT CTelJKH B He3ep

K8nbHhlX HarrpasneHuax. noaToMy ce'leHHe yrrpyroro pacceHHHH cneayeT ua 

ll ucxniO'IHTh. Ecnu, xpoMe Toro, rrpeHe6pe'lb ce'leHHeM aaxBaTa, TO xos<j>

cPHUHeHT rrornomeHHH OKa*eTCH 38BHCHIUHM TOnbKO OT Ce'leHHH Heyrrpyroro 

pacceaHHa 

x/ 
CM. IIpHMo Ha CTp 3. 

UHy J{ 
ll=2k---

4rr b' K 
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0aHaKO noc.neaHee SKCTpanO.IlHpyeTCSI H3 o6.naCTI!: Ten.llOBbiX SHeprMA, T.e. 

B HeM He y'IHTbiBaeTCSI cpaKT nO.IlHOro OTpalKeHHSI o 3TOT if>aKT y'IHTbiBaeTCSI 

B HaCTOSIIJieA pa6oTeo 

B nyHKTe 1 aaoaHTCSI noTeHuHa.n BaaHMoaeil:cTBHR YXH c Ko.ne6.n~IJIH-

11MCSI RapaMH 1 KOTOpbiH onpeae.nR eTCSI TO.IlbKO C TO'IHOCTh~ JlO 'l.lleHOB 
1
.11HHeil:

HhiX no CMeiJieHH~ sraep H3 no.nolKeHHSI paBHOBeCHSio KaK c.nenyeT H3 SToro 

nyHKT81 noTeHUH8.11 B38HMO)leftcTBHSI paBeH: 

v (r, t J v [ e (z)(I - v il(r, 7)) - 8 (zJ u (1, t)), 
0 z 

(4) 

rae 8 (Z) CTyneH'l8T8SI if>YHKUHSI 1 paBH8SI e)lHHHUe npH Z > 0 H Hy.n~ npH 

z < 0 8 ( z) - 8 - if>yHKUHSI .£1HpaKa; U (t, t) - BeKTOp CMemeHHSI Slapa 

cpeabl B TO'IKe r B MOMeHT BpeMeHH ; U (t, t) - Z - KOMnoHeHTa BeKz 

Topa u (r, t). YpaBHeHHe lllpenHHrepa c TaKHM noTeHuHa.noM aanee peruaeT

csr no TeOpHH B03MyrueHHA, KOr)la 38 HeBoaMyiJieHHbiil: noTeHUH8.11 npHHHMaeTCSI 

senH'IHHa v
0
0(z). HaxoaSITCSI perueHHSI HesoaMymeHHoro ypaBHeHHSI H cTpo

HTCSI if>yHKUHSI fpHHa. B nyHKTe 2 BbiBOaHTCSI o6mHe if>opMynhi am1 Kos4>4>HuH-.. ... 
eHTa s4><PeKTHBHoro nornomeHHR. CMemeHHe u (r, t) pacK.naahiBaeTCSI no non-

HOi!: COBOKynHOCTH B03MOlKHhiX KOne6aHHil: 

... ... -iilp+ i w t ... (1) iqp-iw t +-+(1)* 1 
[a u (z) e 1 + a u (z) e ] , 

1 1 

.. .. 1 h 
u(r, t) = - ~ y---

2rr 1 2p w 
f.L 1 

(5) 

rae 3H8K CYMMHpOB8HHSI HMeeT 'IHCTO CHMBO.IlH'leCKHA xapaKTep H CMb!C.Il 

ero 38BHCHT OT Toro, llHCKpeTHa H.llH HenpepbiBa COBOKynHOCTb KB8HTOBbiX 

'IHCe.n J ~ (1) (Z) - C06CTB9HH8SI if>YHKUHSI KOne6aHHft C KBSHTOBb!MH 'IHC-

.naMH I - nnoTHOCTb oTpalKa~mero semecTsa; w1 - '18CTOT8 

KO.Ile6aHHA; - onepaTopbl polKlleHHSI H YHH'ITOlKeHHSI KBaHTOB 
... 

KO.Ile6aHHA BHyTpH cpeabi; q - aByMepJtb!A BO.IlHOBOft BeKTOp ynpyrHX KO.ne-

6aHHA; 
... 
p - aByMepHbiA paaHyc-BeKTOp 

... 
p = (x, Y) • Kos4>4>HuHeHT nor.no-

meHHSI onpeae.nsreTCSI if>opMy.noA: 
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r. 

I 
j,_; 
! 

i 

hw 

I max 
J 

4V ( h 
2 

i 
(]) (]) 2 

1 
I. 

T 0 0 Re ( i I A i I + i' I 'B i ) , 
IL 

(e E -1). 
I i +1'12 (2rr) 2 

J 
2p w 

IL J (6) 

r.ne i 
0 

- z - KoMnosesTa eonsoaoro eeKTopa na.na10mero H9itTpOH8 

2 2m ... ... 2 
i = yk + ~w - (K + q) 

0 n J o 
:-r--

1'= yft - v
0

; Re(:r:) - o6oasaqaeT .neitcTBHTenhHYlO qaCTb 
X 

(/) 00 i i 'z -K
0 

z (/) 

A i f e 8v (z) dz 

( 7) 

-00 

B (1) 
00 i'-i i i 'z i'+ l 
f (~e + 

2i' i -oo 

J{ = yv - i 2 
0 0 0 

(8) 

(/) 
8 V (Z) 

...... (1> d (/) 
- (i qu (Z) + - U (z)) 8 (Z) - U (Z) • 8 (Z) • 

dz z z 

(9) 

B aTOM )1{9 nyHKTe noxaaaao, KaK saxo.llHTb MaKCRMBnbHoe J B cJ!opMy-
max 

ne (6) H3 ycnoBHH, asanorHqROI'O TOMy, KOTOpoe npHRHM89TCH B MO.Il9nR 

Ue6aH, 8 HM9HHO, HCXO.IlH H3 Tpe60B8HBH, qT06hl qacno qneROB B CBMBOnB

qeCKOA cyMMe ( 6) paessnoch qHcny cTeneaeA ceo6o.llbl 3N , r.ne N -no. 

aoe qacno H .nep B cpe.ne. 

B nyHKTe S .nenaeTCH ouesxa eenaqBHhl xo~BuBeRTB nornomesHH p. 

npBM9HBT9nbRO K TOMY cnyqalO, KOI'.Il8 ynpyrHe Kone6aRBB BHyTPH cpe,llhl 

OriBCblB810TCH cJ!oROH8MHo llOK838HO, qTO B MO,Il9nH Ue6aH OCROBHOA BKn8.1l 

B H8I'p9B8RH9 aeATpOH8 BROCHT o6'beMRbl9 Kone6aHHH, KOTOphle .11810'1' riOT& 

UH8n B03MymeRBH 
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-

( 10) 

BepOHTHOCTb HarpeBaHHH ITpH OAHOKp8THOM COyAapeHHH OK83biBaeTCH ITpH

!>.epHO TaKOii )l{e 1 K8K8H ClleAyeT H3 cjlopMyllhl ( 3) 1 B KOTOpOH B Ka'leCTBe 

x/ 
a Hy 6epeTCH ce'!:eHHe KorepeHTHoro OAHocjloHOHHoro pacceHHHH c rrorno-

ueHHeM cjJOHOHa 1 9KCTpaiTOliHpOBaHHOe H3 TeiTliOBOH o6naCTH. Hx OTHOWeHHe 

MO)I{eT OTliH'IaTbCH OT eAHHHUbl Ha BeliH'IHHy "' v -;0 I p n 
3 2 

sonHoBoe 'IHcno, P = v 6" N 
0 

) • 
n 

IToTeHuHan soaMymeHHH 

8 v ( r, t) = - v u ( ;, t) & (z) , 
2 0 z 

p n - Ae6aeBCKOe 

( tl) 

o6yCliOBlleHHhlH ABH)I{eHHeM ITOBepXHOCTH1 BHOCHT B BeliH'IHHy p BKII8A MeHb

WHft1 '!:eM 8 vl T8K)I{e Ha cjlaKTOP v v 0 I p n . 0AH8KO ponb rrosepxHbCTH 

B-HeyrrpyroM pacceHHHH HeftTpOHOB He orpaHH'IHBaeTCH TOllbKO co6CTBeHHhiM 

Ap0)1{8HHeM H BHAOH3MeHeHHeM BOIIHOBOH cjlyHKUHH HeftTpOHa. ITosepXHOCTb 

ITpHBOAHT T8K)I{e K MOAH¢HK8UHH BOIIHOBOH cjlyHKUHH cjloHoHa. CoOTBeTCTBy~

wHe norrpaBKH paCCMOTpeHbl B ITYHKTe 4. IToKa3aH01 'ITO OHH M8llbl H HX OTHO

CHTellbH8H senH'IHHa cocTaBnHeT "' v v 
0 

I Pn"' 1% • 

B rryHKTe 5 paccMoTpeHo BliHHHHe ycpenHeHHoro Terrnosoro ABH)I{eHHH 

HAep Ha rronHoe oTpa)l{eHHe. IToKaaaHo, 'ITO B cnyq:ae aMopcjJHoA cpenhi Tep-

MOAHH8MH'IeCKOe ycpenneHHe TeiTliOBOro llBH)I{eHHH H.Qep He yMeH&rnaeT 8MITliH

TYllY ITOliHOro OTpa)l{eHHH, 8 TOllbKO MeHHeT cjlaay OTpa)l{eHHOH BOliHhlo 

1. IToTeHnHan saauMoneftcTBHH ueATpoHoB c Kone6aHHHMH 

cpen&I. HesoaMymeHHoe ypaBHeaue IllpeijRHrepa 

Bc~ay B aan&HelfweM Mhi 6yAeM npenrronaraTb1 'ITO cTeHKa, Ha KOTO

PY~ rraaaeT HeftTpOH1 38HHM8eT rronyrrpoCTpaHCTBO Z > 0 & H.Qpa1 COCT8BliH~-

x/ 
ITperronaraeTCH, •no aMrrnHTYAhi paccesrHHH acex su;tep OAHHaKOBhi. 
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"'"'· ~l· ---

IIIHe cTeHKy, pacnpeaeneHbi paBHOMepao, aMnnuTyaa paccesrHHSl aeATpoHa 

oaHH8KOB8 ang BCeX sraep, H ceqeHHe 38XB8T8 paBHO HyniD. 8GaHMOaeiCTBHE 

aeiTpoHa c srapoM 6yaeM onHChlBSTb B npH6nH*eHHH ncesaonoTeRuHana 

!l>epMHo 
BonaosaB ~yHKUHSl aeiTpoaa onpeaensreTCSl H3 ypasaeHHSl lllpeaHarepa: 

... 

0' 
( 12) 

rae 
( 13) ... 

v (r, t) 

-+ ... 
- anHHa paccesrHHR, a u ( r1 , t) - cMemeaHe 

-ro srapa H3 csoero no-
b 

-+ 

no*eHHSl paBHOBeCHSl r 1 

Tipeanonarasr pacnpeaeneaHe sraep xaoTHqHhlM H npeae6perasr HeKore -

peHTHbiM pacceRHHeM
0 

B03HHK8IDWHM BCneacTBHe 9TOI XSOTHqHOCTH, aanume: 

V (;, t) C TOqHOCTbiD ao qneHOB 0 nHHeliHhlX no ;;(; , t) 0 
J 

00 ... ... 3 ) a ( r- r') d r' = 
... ... 

f () (z')(l + u (r'; t)V 

-oo ... ... 
= v ()(z)- v [ V u(r,t)•'()(z)1, 

0 0 ( 14) 

rae v = 417 N 
0 

b • PacKpbiB cKo6KH B npasol qacTB ( 14), nonyquM Bb1P 

*eaHe ( 4). YpasaeaHe lllpeaHarepa c TSKHM noTeHUHanoM MO*Ho pemaTb 

no TeOpHH B03MymeHHI 0 

2m a 
[i-- + !'!.. -

h at 

nonarasr HesoaMymeHHbiM ypasaeaHe 

-+ 
v () (Z) ] 'I' ( r, t) = 0 • 

0 

( 15) 

Peweaue SToro ypaBHeHHB, coaep*amee naaaiDmyiD nnocKyiD sonHy 

1 k
0
-;- iw

0 
t 

e , uMeeT BHa: 
... ... 

i Ko p - iw t 
o y (z)' 

io 

8 
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rJle 
2m 2 

~0 = v-h (L) -K • a y (z) YJlOBJieTBOpS!eT ypaBHeHHIO 
0 0 ~ 

d
2 

2 
[ --;J;1 + ~ - v 

0 
(J (z) ] y ~ (z) 0 ' 

( 17) 

y ~ (Z) 
iKz 

(e + 
~- iK -i ~z 2~ 

e )()(-z)+ e 
~ + i K 

-Kz 
(J (Z) ' ( 18) 

~ + i K 

K = v v o- K 2-. 

YpaBHeHHe ( 15) HMeeT eme OJlHO pemeHHe, nHHeAHo He aasH:cSimee 

OT ( 16): 

-iKz Kz -Kz 
h (Z)=e {J(-Z)+( 

K 
e + e ) (J(z) • 

( 19) 

C ITOMOIUbiO 9THX JlBYX pemeHHH MO*HO ITDCTpOHTb ITpHqHHHYIO $yHKUHIO 

fpHH8 ypaBHeHHSI (15) 

-+ -+, , 
G (r t, r t ) 

+()(z'-z)y (z')h (z)] 
K K 

2. BaaHMOJleifcTBHe HeifTpoHa c yrrpyrHMH Kone6aHHHMH 

cpellbi 

0rrep8TOp CMeiUeHHSI ;; (-;, t) B TOqKe ; B MOMeHT t MD*HO p83JIO*HTb 
........ 

.... (!)-> 1 iqp-icu1 t ->(/) 
ITO ITOJIHOH CHCTeMe $yHKUHif U (r, t)=- e U (Z), om'!:Cb!B810IUHX 

2rr 
KOJie6aHHSI BHyTpH cpeJlbl ( 5). 

TioJlCT8HOBK8 orrepaTOpa ( 5) B ITOTeHUH8Jl ( 14) 1 H3 KOTOporo BbJqTeH 

HeB03MY rueHHbiif ITOTeHUH8Jl V O (J (Z) 1 IT03BOJIS!eT rrpeJlCT8BHTb B03MyiUeHHe 

B BHJle: 

9 



...... 

8v(r,t)= 

vo h (/) iqp-iw 1 t 

I ..) [ a 
1 

8 v (z) e 
2rr J 2pllw 1 

+ 

+ (/)* -iqpHw1 t 
+ a 

1 
8 v (z) e ] , 

(20) 

rile (/) 
8 V (Z) 

(/) (/) 
8 V l (Z) + 8 V 

2 
(Z) , 

( 21) 

(/) (/) 
a 8 V 

1 
(Z) H 8 V 

2 
(Z) onpelleneHbl BO BBelleHHH nepBb!M H BTOpb!M cna-

raeMb!M .<flopMynbl (9) COOTBeTCTBeHHOo llonpaBK8 'I' 
1 

(;,f) K BOnHOBOft ¢yHK

UHH 'I' O (;, t) ( 16) 1 o6ycnoaneHH8SI STHM B03MyWeHHeM 1 ll8eTCSI Bb!pSJKeHHE 

.. .. ... ... 3 
'I' (1, f)= (G (rt, r't') 8v(r't') 'I' (r't')d r'dt', 

1 0 

nollCTaBnSISI CIOil8 'I' 0 • 8 v H G • H8XOilHM 

... -+ ... ... ...... 
(/) i(K0 +q)p-i(w0 +w

1
>t + (/) i(K -q)p-i(w-w )t 

'I' (7-, t) = I [a 'I' (z) e + a 'I' (Z) e 0 0 I ] 
1 J J 1+ I 1-

rile 

(!) v~ h "" dz' 
'J' (z) =-..) ( -.

1
- (y (Z)h (Z~(J(Z-ZJ+ 

1± 2rr 2piL w I _.,., 21 ± 1± 1+ 

+y (Z')h
0 

(Z)(J(z'-zJ]Yo (z')8V(!)(z') 
l± k± ko 

--------------------._ .. .. 2 
1± = .Jb"(wo ±cui)- (Ko ± q) • ( 22) 

B aCHMnToTH'IeCitOI o6nacTH l z l -+ "" HeftTpoH, nornoTRBWRI ynpyrHI KBal 

OfiHCbl88eTCH ¢yHKUHeft 'I' (Z) t paaHol: 
1± 

(!) -i1+z 
A e Z -+ -oo 

(I) vo h 21.0 1 1+ 
'I' (Z) 

..; 2p +iK '8 (!) e 
it., z 

1+ 2rri (l) 1 1 + 1' + z ... "" , , 
IL J 0 0 + + i+ (23) 
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l 

' ~ 

I"Jl9 i£'z'-K z' 
'1- 0 

J e 
( 24) 

00 
(l) o v (z)dz' 

xapaKTepHayeT 8MIInHTYJlY BOnHhl1 OTpa>KeaaoA OT IIOBepXHOCTH nocne no-

rnomeaHH yrrpyroro KBaaTa, a 

(l) -K
0
z' (l) 

B =(h (z')e ov (z)dz' 
K+ t+ 

( 25) 

xapaKTepHayeT aMnnHTYAY aonlfhi 1 npollleJlllleil: BayTpb cpeJlhi rrocne rrorno-

meHHH KB8HTa. 

BepoHTaocTb aeil:Tpoay rrornoTHTb yrrpyrHil: KBBHT J npH ouaoKpaTHOM 

coyoapeHHH c rroaepxaocTbiO orrpeAenHeTcH Bhipa>KeHHeM 

(]) 
IL 

1 (]) * d IJI (l) ] 
- -

21
. [ IJI (Z) (Z) + 

J+ dz 1+ (Z ... -oo) 

... 
1 (l) * d 1 + 

+ - [ IJI (Z) - IJI (Z)] I - < a
1 

a
1 

> , 
2 i J+ dz 1 + (z ... +oo) to ( 26) 

I"Jl9 yrnoBbie CK06KH 03H8'1810T TepMOJlHH8MH'I9CK09 ycpeAaeaHe 
h (J) I 

+ - -1 l T .<a a > (e B - 1) ( 27) J J 

noJlCTaHOBKa ( 22) H ( 27) B ( 26) IIpHBOJlHT K Bbipa>KeHHIO ( 6). MaKCHManb

aoe aaa'leaee l mu B Bhipa>KeHHH ( 6) Mo>Kao orrpeAenHTb cneAyromHM 

o6paaoM. 

npeJlCTaBHM ce6e, 'ITO Cpeua OIIHCbiBaeTCH BeKTOpOM COCTOHHHH 
I max 

+ ... (I) ... 
a 

1 
u (t, t) I 0 > , 

... ... 
ll>(r,t) = l: 

I 

rAe I 0 > - oaaa'laeT cocToHaHe cpeJlhi, B KOTopoM aeT HH OAHoro ynpyroro 
.. + 

KBaaTa. Hail:AeM cpeAHee aHa'leHHe orrepaTopa N = l: a a 
I J J 

B COCTOHHHH .. 
({> (t, t) 

11 



! ' 

I, 

" 
n(T: t) 

~ + ... _.. ... 
<ll (r,t)N<Il(r,t). 

3To cpeAHee xapaKTepuayeT qucno yrrpyrux KBaHTOB a ToqKe z B MOMeHT t 

B eAHHHUe o6'beMa. npoHHTerpupyeM n (r, f) ITO BCeMy ITpOCTpaHCTBy, TOr/18 

rronyqHM 

-+ 3 r n (r, t) d r 

1max 
(])* ...... (1)-+ 3 r u (r,t)u (r,t)d r 3N ~ 

1 v 
noAenua o6e qacTH paaeacTaa aa o6~eM V , rronyqHM 

l'Ae 

f; (1) = 

3N 
0 

1m ax 

~ 

1 

(1) 

e 

1 -+ (])* .. -+ -> (1) -+ 3 
V I u ( r, f) u (r, f) d r 

v 

3. HameaaHHe YXH aa d!oaoaax 

(28) 

(29) 

Lf T06hi HMeTh B03MO>KHOCTh rronyqHTb q!fCneHHOe 3HaqeHHe K08lPlPHUHeH

T8 a¢¢eKTHBHOrO rrornomeHHH ~ (6), He06XOAHMO KOHKpeTH3HpOB8Tb BOnHo

-+ (1) 
BYIO <IJYHKUHIO U (z) • npeAITOnO>KHM, qTo KB8HThl KOne6aHHH BHyTpH cpeJlhl 

eCTb ¢oHOHhi, T.e. J=(p,m) , p = (q,p ), 
z 

-+(m) 
8 U -eAHHifqHhiii 

-+ 
(p,m) 

qTO B -+8 v 1 (Z) 
(p,m) 

-+ (]) u (m) 

u (z) = -_:::. 
y2rr 

ip z 
e z 

BeKTOp ITOnHpH38~1flf MOAb! 

(30) 

m • HeTpyAHO y6eAHTbCH, 

ABeT BKnBA TOnbKO rrpOAOnbHhiii lPOHOH: B TO BpeMH K8K 

B 8v (Z) 
2 

ABeT BKnaA H OAHH H3 rronepeqHhiX lPOHOHOB, a HMeHHO TOT, 

seKTop rronHpHaauHH KOToporo aenapannenen rrnocKoCTH z = 0 • DonH aeii:T

pouoa, KOTOpbie rrocne aaxaaTa ¢oaoaa pacnpocTpaHHIOTCH aae cpeAhi rroJI yrna

MH,MeHblllHMH KpHTHqeCKOrO ( k > -;-;- ) HnH rrpOXOASIT BHyTpb aemeCTBa 
z v 0 ' ' 

A8eTCSI COOTBeTCTBeHHO Bb!pa:>KeHHSIMH 

12 

_!_ r d3p 4V h 101 K 2 + <~ 
IL 

1 (2rr/ 

e 

hcu 
t 5 i 2p 

-1 .. 

0 0 
2 

K2 + (& cu (1 + 1 ') ,... 0 

d 3 p 4V h i i 2 
K +( 1 0 0 

- r I 0 
hcu 

(2rr)
3 

(i + i 'f K2+( 
&.sT 2p cu 0 

IL2 
,... 

e -1· 
2 p v 

0 

+ 2 2 2 2 
[Ko+(i'-pz) ][Ko+(i'+pz)] 

2 2m 
me t = v k 0 + n- w 

... :t 2 
0 2 

(Ko-'l> , «-'=vi -vo 

DonSI >Ke Tex aeii:Tpoaoa, KOTOpbie nocne aaxaaTa lP' 

cSI noJI yrnaMH, 6onblllHMH 

1 d3p 

= 3 r ]L{u_ ~3 (2rr) 
1 T 

___ e E -1 

rAe K = -lv -1 2 
v 0 • 

KpHTHqeCKOrO, JI8eTCSI 51 

41 th 
0 

2p cu 
~ 

2 
(K + KJ + 

0 

cK + K/ + 
0 

Ocaoaaoil: BKnaJI ao ace TPH HHTerpana JiaeT c 

Ae6aeacKoe aonaoaoe qHcno). B bipa*eHHSI ( 31 ) HME 

(nocneJIHHii qneH B ¢HrypHblX CK06KaX BTOporo Bbl~ 

AODOnHHTenbHYIO ManoCTb nOpSIJIK8 v
0 

, fi08TOMY H 

0JIH8KO fiOJIHHTerpanbHbJe lPYHKUHH HM910T OCTpblil: Ill 

t ' . BhiCOTa aToro MaKCH~yMa = 1IK : , a Illl 

B uenOM o6a Bblpa>KeHHSI HMeiOT nopSIJIOK v 0 I p. n 
2 2 -1 

060HX Bblp8>K9HHSIX (31) cpyHKUHIO [K 0 +(i'-pz)] 

(BHOCHM8SI npH 8TOM OTHOCHTenbH8SI O!llH6Ka HM99T 

H npeHe6peqb pa3nHqHeM 1 H {' ( OTHOCHTenbH8SI 1 

CyMM8 ~~ H ~~ npeJICT8BHTCSI B BH)le (3), rJie 

a 
Hy. 

2 2 
-b r 

ko . 

hp 2 

:i M cu 

3 
d p 

... ... ... 
8(k-k 0 -P) 

b~ 
8 (lc 

l 0 T 
e -1 
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A 

n(T: t) 
... +-+ ... -+ 
<IJ (r,t)N<IJ(r,t). 

AH88 xapaKT8pH3yeT "'HCnO yrrpy~HX KB8HTOB B TO"!Ke z B MOM8HT t 

e oo'beMa. llpoHHTe~pHpyeM n (r, t) no sceMy rrpocTpaHCTBy, TO~na 

1max 
(1)*_. ... (1) ... 3 3 

) d r = 3N ~ ( U (t,t)U (t,t)d r 

1 v 
o6e qacTH paseHCTBa Ha oo'beM V , rrony"'HM 

(1) 1 

v 

JN 
0 

1max (}) 

~ ~ 
1 

.... (]) * .. .. _, ( 1) -+ 3 r u (r,t)u (r,t)d r 

v 

3, HamesaHHe YXH Ha poaoaax 

(28) 

(29) 

OObl HM8Tb B03MOlKHOCTb rrony"'HTb "'HCneHHOe 3Ha"'eHHe KOa<jJ<jJHUHeJI

KTHBHO~O rro~nomeHHR ~ (6), HeOOXOAHMO KOHKpeTH3HpOBaTb BOnHo

-> (]) 
Kl!HIO u (Z) • npearronOlKHM, 'ITO KBaHTbl Kone6aHHR BHYTPH cpe)lbl 

'HOHbi, T,e, J=(p,m) , p = (q,p ), 

etlHHH"'Hbii!: 
--> 

(Porn) 
V 1 (Z) 

z 

jj(m) ipzz 
e 

... (1) 
U (Z) (30) 

~2rr 

BeKTOp ITOnRpH3aUHH MOAb! m H eTpyano 1 y6etlHTbCR, 

Jl8eT BKnatl TOnbKO rrpOtlOnbHbii!: <jJOHOH: B TO Bp8MR KaK 

) (Z) aaeT BKnatl H OtlHH H3 rrorrepe"'llb!X <jJOHOHOB, a HMeHHO TOT, 

lrronRpH3aUHH KOTopo~o HerrapanneneH rrnocKOCTH z = 0 • .UonR Hei!:T

OTOpbie rrocne 3aXB8T8 <jJOHOH8 pacrrpOCTpaHRIOTCR BHe Cpetlbl l!Otl y~na

lliHMH KpHTH"'eCKO~O ( k > -~ ) HnH llpOXOtlRT BHyTpb BerueCTBa 
z v 0 ' ' 

COOTB8TCTBeHHO Bblpa)l(8HHRMH 

12 

1 
~ =- r 

1 (2rr)
3 

1 
=- r 

IL2 (2TT) 3 . 

+ 

d3p 

hcu . 
t 0 T 

e -1 
3 

d p 

hcu 

~BT 
e -1· 

2 
p v 

0 

4V h 
0 

2p (U 
~ 

4V h 
0 

2p (U 

IL 

i 
0
i 

(i + i 'f 

i i 
0 
--I 

(l + i 't 

2 2 2 2 
[Ko+(i'-pz) ][Ko+(1'+pz)] • 

K 2 + (i '> 2 + q 2 
0 

K2 + r£' _ P J2 
0 z 

2 2 2 K + <i') + q 
0 

K 2 + <i' - P )2 
0 z 

(31) 
+ 

2 2m _.. 2 , 2 ... -+ 
me 1 = ~k 0 + ---n-cu - (K

0
-i/) , 1 =~1 -v0 , K=(kx,ky)• q=(px,py' 

.QonR lKe TeX Hei!:TpOHOB, KOTOpbie rrocne 38XB8T8 <jJOHOHa pacrrpOCTp8HRIOT-

CR l!Otl yrnaMH, OOnblliHMH KpHTH"'eCKOI'O, Jl88TCR Bbip8lKeHH8M 

1 
= 3 ~3 (2TT) 

d3p 

r .l!.!L 
1 T -1 e B 

rae 
2 K = ~vo -1 • 

411h rK +K/+ q
2 

_o___ ---~o~------· 
2p cu (K +K)2+P2 

~ 0 z 

(32) 

0CHOBHOA BKnatl BO BCe TpH HHTerpana Jl86T o6naCTb P "" P .Q ( P .Q

ae6aescKoe sonHosoe 'lHCno), BbipalKeHHSI (31) HMeiOT ManocTb v 0 10 

(llocnellHHi!: 'lneH B ljlurypHbiX CKOOK8X BTOpOI'O Bbip8lK6HHR (31) HM66T 

tlOITOnHHTenbHYIO ManOCTb l!OpRllK8 v
0 

, li09TOMY HM MOlKHO npeHe6pe"'b), 

0tlH8KO liOtlHHTerpanbHbl6 cpyHKUHH ur.\eiOT OCTpbiA M8KCHMYM B TO'IK6 P • 
2 z 

1' , BbiCOTa aToro MaKCHtv!YMa = 11K 0 , a ruupHHa =K0 , noaTOMY 

B uenoM o6a Bbip8lK6HHSI HM610T nopSitlOK v 0 I p. n . EcnH 38M6HHTb B 

K2 2 -t K 
o6oux BbipalKeHHSIX (31) cpyHKUHIO [ 

0 
+(1'-pz)] Ha (TTl 

0 
)8(1-10 -pz) 

( BHOCHMaR npu aTOM OTHOCHTenbHaSI oruu6Ka HMeeT ManocTb ~ v
0 

I P,a"" 1 %) 

H npeHeope"'b pasna'lHeM 1 u 1' ( OTHOCHTenbHaR orua6Ka = v 0 I p ~ ) , To 

CYMM8 1L l H IL~ npellCT8BHTCR B BHJle ( 3), I'lle 

a 
Hy. 

2 2 
-b r 

ko . 

hp 2 

:i M cu 

3 
d p 

-> -> -> 
B(k- k 0 -p) 

bcu 
t 5 T 

e -1 

3 2 2_ 2m cu)d k, 
8 ( k - k 0 h ( 33) 
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, .. 

T,e, cosrranaeT c rronHbiM ce'leHii.eM aeyrrpyroro pacceSIHiiSI, 9KCTparron!ipo

B8HHbiM 1i3 o6naCTii TeiinOBbiX 9Hepr!iil:, 

I10llliHTerpanhHOe Bbipa)l(eHiie (32) s6n!i31i p = 0 liMeeT rropSillOK 
z 

ManOCTii = 1, OllH8KO cpa30BbiH 06'beM, IIO KOTOpOMy IIpOiiCXOllliT 1iHTerpli-

pOB8Hiie, orpaHii'leH, so-rrepBbiX, ycnOB!ieM l'ip = ( K + K 
0 

) H, BO-BT0-
2 2 2m z _. _.2 2 

pbiX, nsyMSI ycnoBiiSIMii K = v0 - k 0 - h w + (K
0 

+q) >0 li J{ = 

2 2m _. _. 2 
= k +- W - (K + q) > 0 

0 h 0 
, OTKyna IIpli w = c p cnenyeT orpaHii'ICHiie 

a a f.=2mc/h /'iq = v
0 

If, , rAe 

B uenoM liMeeT ManocTh ( v3!2 lp 3 
o n 

Pn • I1o9ToMy Bbipa)l(eHHe (32) 

) , T,e, IIO Cp8BHeHiiiO C (31) liM 

MO)I(HO rrpeae6pe'lh, Benli'lliHa p 3 MO)I(eT cpaBHiiBSThCSI c ~ 1 li 

KO IIpli orrpeneneHHOM Blille llliCIIepC!iOHHWX COOTHOWeHiiH B6nH31i 

~2 

p 
n 

TOnb-

a liMeHHo, Korna 

m dw 
(--) 

h dp 
p =PI 

rne p
1 

-KopeHh ypasneHHSI K 2 

-p 
1 

,jv ' 
0 

0 , IIp!i'leM p < p , B aTOM cny-
1 n 

'18e o6naCTh liHTerp!ipOB8HiiSI IIO q OK83biB8eTCSI IIOpS!llK8 /), q = JV;; 0 

T.e. ,.,.
3 

B uenoM oKa3biBaeTcSI liMeJOIIlHM TaKyJO )l(e ManocTh v
0 

I p ~, 

K8K ~ 1 H ll2 

HHTepecao oTnenhHo oueHiiTh nonJO aeii:Tponos,aeyrrpyro pacceSIHHbiX 

6naronapg llPO)I(aHiiiO IIOBepXHOCTii CTeHKH, OIIHCbiBaeMOMY IIOTeHUHanOM 

[) V (Z) 
2 

1 

/L 4 = ( 2rr) 3 J 
d3p 

..!!..J!L 
i{BT 

e -1 

4v0 h --
2p w 

ll 

J{ Re(i{+i{') 

2 
If{+ i'l 

(34) 

Col:'nacao npHseneHHOMY Bbipa)l(eHHJO ,sTa nonSI H·MeeT nopS!llOK v J{ lp 3 
o o n 

II03TOMY Mana IIO CpaBHeHHJO C ~ t H ~ 
2 

, I1oCKOnhKY p. H /l BKnJ0-
1 2 

'laJOT B Ce6SI ,.,.4 , TO OTC!Oll8 MO)I(HO 38KnJO'IHTh, 'ITO OCHOBHOfi BKnan 

B Hal:'peBaHHe Hel!:TpOHOB BHOCSIT 06'beMHbie KOne6aHiiSI Cpellhl, 

14 

4. CypcbOHbl 

no CHX IIOp HanH'IHe l:'p8HHUbl y OTpa}K8JOIIle 

llBOSIKO: Bo-rrepBbiX, OHO IIpHHHManOCb BO BHHM8Hl 

HeB03MyllleHHOil: BOnHOBOil: cl!YHKUHH Hel!:TpOH8 H, I 

cSI BKnan B aeynpyl:'oe pacceSIH!ie, o6ycnosneaaoe 

BOllSIT npo}l{aHHe cTeHKH. CTporo I:'OBOpSI, I'paHHU~ 

H npli nocTpoeHiiH BonaosoA WHKUiili caMiiX 4loao 

npouenypa npHseneaa B 
141 , rne BHllOH3MeHeHHhi 

HHe cypcl!OHOB, 

CypclloHbi yno6Ho xapaKTep!iaosaTb cnenyiOIIll .. 
q , c llByMepHbiM BOnHOBbiM BeKTOpOM q 

X 

pocTbJO pacnpocTpaHeHHSI snonb nosepxHoCTH c 

BonaosaSI cl!YHKUHSI aanHChiBaeTcSI B BHlle .... 
.. (I) .. 1 iqp-iwt _. (C,m) 
u (r, t) -- e U (Z) 

2rr 
.. (C,m) 

I'lle u (z) CO)lep}I{HT BOnHbl KaK IIal18101IlHe, 

nosepxaocTH. Mona y}l{e He oaaa'laeT 'IHCTO npon 

IIOnS!pH3aUHH KOne6aHHI!:, a COllep}I{HT HX CMeCb, ( 

BaHHe B 

I 
m 

(6) HMeeT 

'lmax 2 
f d q 

.,o 

CMblCn 

Cmax 

f de • 

0 

nonO}I{HTb paBHhiM · Pf: 
141 -+ (c,m 

H HCDOnb3YSI BHll WHKUHI!: u (Z) 

Ecna q max 

6pBH'IeCKOe ypaBHeHHe 

, To,cne 

, nony'l 

2 V ( c . I c ) 2 - 1 + V ( c max I c f ) ~ 
max t 

KOTopoe aeTpynao pewHTb (anecb c, , c f -c11 

DOIIepe'IHblX H npononbHblX KOne68Hiifi COOThE'TCTB 
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oarra.QaeT c rronHbiM ce'leHIIeM Heyrrpyl'oro pacceSIHHH, 9KCTparronHpo

M H3 o6naCTH TerrnOBhlX 9H8pl'HH. 

Oo.QuHTe!'panhHOe Bbrpa)!{ei!He (32) a6nH3H p = 0 HMeeT rropSI.QOK 
z 

TH ~ 1, O.QHBKO <jla30BbiH 06'beM, ITO KOTOpOMy IIpOHCXO.QHT HHTCI'pH-

He, ol'paHH'IeH, ao-rrepBbiX, ycnosHeM !1p ~ ( K + K 
0 

2 2 2m z 2 
MSI ycnOBHSIMH K = vo - ko- h w + r:o +Q) >o H 

) If, BO-BT0-

/{2= 

> 0 , OTKy.Qa npH W = C p cne.QyeT OI'p8HH'181IH8 

v
0
1f;, !'.Qe f;~2mclh 

HMeeT ManoCTb ( v 3!2 I P 3 
o n 

p n . Do9TOMY Bbipa)!{eHHe ( 32) 

) , T,e. no Cp8BH8HHIO C (31) HM 

rrpeae6pe'lb, BenH'IHHa 11 3 MO>KeT Cp8BHHB8TbCSI C 11
1 

If TOnb-

If onpe.QeneHHOM BH.Qe .QHCnepCHOHHhlX COOTHOW8HHH B6nH3H 

112 

Pn 
HHO, KO!'.Qa 

m dw ) 
(h dp p=p 

1 

-p 
1 

y'v 
0 

-xopeHb ypasneHHSI K
2 0 , npa'leM p < p • B 9TOM cny-

1 n 
HHTerpHpOBBHHSI no q OK83b!B88TCSI nOpSI.QK8 f1 q ~ .JV; 

1 

B uenoM oxaahrsaeTcSI HMeJOIUHM TaKyJO )!{e Manocrh v
0 

I p ~ , 

If IJ.2 

OT.QenbHO OU9HHTb .QOnJO H9HTpOHOB, Heynpyl'O paCCBSIHHh!X 

.Qp0)!{8HHIO nosepXHOCTH CT9HKH, OnHCb!B89MOMy nOT9HUHanOM 

1 

( 217) 3 r 
d 3p 

hw 

J{ET 
e -1 

4v0 h ~ Re(~ + ~') --
2p w 

IJ. I~ + ~'I 
2 

npaBe.QeHHOMy Bhrpa)!{eHHIO 1 9Ta .QOnSI H·MeeT nopSI.QOK 

Mana no cpasHeHHJO c IJ. 
1 

H 
112 0 OCKOnhKY 1J. H 

1 

(34) 

v ~ lp 3 
o o n 
112 BKnJO-

IJ. 4 , TO OTCJO.Qa MO)!{HO 38KnJO'IHTb, 'ITO OCHOBHOH BKna.Q 

HeltTpOHOB BHOCSIT 06'beMHh18 Kone6aHHSI Cpe.Qhl, 

14 

4. CypdJOHbl 

Do CHX nop HanH'l:He l'paHHUhi y oTpa>KaJOweA cpellhi y'IHThiBanocb 

.QBOSIKO: Bo-nepBhiX1 OHO npHHHManOCb BO BHHMBHHe npH KOHCTpyHpOBSHHH 

H9B03MYIU9HHOH BOnHOBOlt ljlyHKUHH HeltTpOHS H, BO-BTOphiX, paCCMaTpHBan

CSI BKnall B Heynpyl'oe pacceSIHHe, o6ycnosneHHoe TeM, 'ITo ljloHOHhi npoaa

BOllSIT llPO)!{aHHe cTeHKH, CTporo roaopSI, rpaHHUa QOn)!{Ha y'IHThiBaTbCSI 

H npH nocrpoeHHH BOnHoaoA ljlyHKUHH caMHX ljloHoHoB, CooTaeTcTBYJOWaH 

npouellypa npHBelleHa a 
141 , I'lle BHllOH3MeHeHHhre ljloHOHhr nony'l:Hnll naasa· 

HHe cypljlOHOB, 

Cyp!j>OHhi Yll06Ho xapaKTepH3oaaTb cnellyiOIUHMH KBaHTOBhiMH 'IHCnaMH: .. 
llBYM8pHhiM BOnHOBhiM B9KTOpOM q ) , KB)!{YIU9HCSI CKQ-q 

X 
, q 

y 

pOCTbJO pacnpOCTpaHeHHH BllOnb noaepXHOCTH 

BonHoaaH !j>yHKUHH aarrHCbiBaeTCH a BHlle 

.. (!) .. 
u (r, t) 

1 lqp ... -iwt .. (C,m) 
U (Z) -- e 

2rr 
.. (C,m) 

c wl I ql H MOllOii m • 

rile u (Z) COil9p)!{HT BOnHhl KaK nallaJOIUHe, TaK H OTpa>KeHHbl9 OT 

noaepXHOCTH. Molla y>Ke He oaHa'l:aeT 'IHCTo npOllOnbHOii HnH nonepeqaoii 

DOnHpH3BUHH KOne6aHHH, B COilep)!{HT HX CMeCb, CHMBOnH'l:9CKOe CyMMHpo-

BBHH9 B 

l: 
m 

(6) HM99T 

'lmax 2 r d q 

0 

CMhiCn 

em ax 

r de • 

0 -
EcnH q max nono>KHTb paBHbiM Pn , To,cnellyH peuenTy (28) H (29) 

/4/ ... (c,m): 
H HCDOnb3YK BHil !j>yHKUHH U (z) , nonyqaeM llnH c max anre-

6pBH'I9CKOe ypaBH9HHe 

. 2 2 
2y(c lc)- 1 + y'(cmax let)- 1 = 3, 

max t 

KOTOpOe HeTpyllHO peWHTb (31lE'Cb c t 1 c f -CKOpOCTb pacnpoCTpaHeHHH 

nonepe'l:Hh!X H OpOQOnbHbiX KOne6aHHfi COOTJ:I8TCTB9HIJO), 

15 
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.~ 

lloCKOnbKY BnHHHHe nosepXHOCTH H8 BOnHOBY~ ~YHKUH~ ~OHOH8 CKa-

-1 
3biB89TCH TOnbKO B o6naCTHX, pacnonO)I{eHHblX llO I'ny6HHbl "' p ,U 1 TO no-

npaBKH, B03HHK8~lllH9 OT MOilH~HK8UHH BOnHOBOft <lJyHKUHH ~OHOH8, HM9~T 

TOT )1{9 nopHJlOK, "'TO H nonp8BKH, o6ycnosneHHbl9 Jlp0)1{8HH9M nosepXHOCTH, 

PaccMoTpHM, aanpaMep, aeynpyi'09 pacce.HHHe aa nosepXHOCTHbiX pen99B

CKHX BOnHaX, KOTOpbie 9CT9CTB9HHbiM 06p830M C0Jl9p)I{8TCH B ¢opManH3M9 

cyp¢oaos. 

.Uon.H aeftrpouos, ueynpyi'o pacc9HHHhiX oT pen9eBCKHX sonu H pacnpocT

paHH~lllHXCH K8K H8PY*Y B o6naCTb yi'nOB, M9HbWHX KpHTH'l9CKOI'O ( k z 

=Jt > Jvo ) , TaK H sayrpb cp91lhi, pasaa, 

4v h q 2 (1 2) 2 q -y (k) 2 d2 q 
fl. = -- r ----

1 (277) 3 hw 
0 

K 
0 --1 + 

K(a) rK +q /+('K') 2 

+ 

+ 

e 
rr 

B-1 

2yq(l-/)(K 0 + qy) 

rK + q / + rK'J 2 
0 y 

2p w 
fl. 

K + Jt' 

2 2 
TJ-1 2 TJ -12 
---· + y ( ) + 
1/2 + 1 TJ2 + 1 

0, 2 2 2 
~< q(1-y)vo I. 

2(K +Jt') [(Ko+qy)2+(i')2 12 

0 y 

(35) 

A aeftTpOHhi, Heynpyi'o orpa*9HHhie OT p9n9eBCKHX sona B o6nacTb yi'JlOf\ 

6onbWHX KpHTH'l9CKOI'0 1 COCTaBn.HIDT JlOniD 

\ 
2 

4K 0 Kh 2 2 1 2 
fl. (k) = __ 1_ 

d q q q(l - y ) TJ -
I 
~ 

--I +·r I, 
2 (277) 3 

2p w K(a) K
0

+K+qy TJ2+1 
~ T 

e B -1 (38) 

I'lle qy =q·"y' y=v1-(cR/ceJ2, cR=w/q, TJ=v1-(cR/ct)2• 

K(a) = (y- TJ) (y- TJ + 2y 11 
2 ) I (2yTJ 2 )• 11a BhiP8*eHH.H (35) BHilHO, 

"'TO fl. (R) HMeeT ManocTb nopMKa v t , nosToMy npeae6pe*HMO no 
I 0 0 

cpasH9HH~ c (31). BenH'lHHa )1{9 f.L (:), 6nai'oaap.H ManocTH <tJaaosoi'o o6'b9-

18 

M8, no KOTOpOMY npOH3BOilHTCH HHTei'pHpOB8HHe, HMe 
(R) 

npeae6pe*HM8 no cpasaeHHIO c f.L 
1 

• TaKHM o6p 

CKHX BOnH B Heynpyi'Oe pacceHHHe HeiTpOHOB HMeeT 

Manocra, KaK H BKna,~:~, o6ycnosneHHhll llP0*8HHeM n• 

i1HTepeCHO nOCMOTpeTb, K8KOI BHil HMeeT yi'nOI 

aeftTpOHOB, OTp8)1{9HHbJX OT peneeBCKHX BOOH, .llH4l4lep 

aoCTb pacce.HHHH s HHTepsan d 0 oKono aanpasnea 

BH9 yi'nOB nonHOI'O OTP8*9HHH0 MO)I{HO 38nHC8Tb B .BI 

dw 
1 

(0) 1 

= 2 
dO (277) 

(1- y2 )2 q 2 

·[ •+ 
( K 0 + qy /+(f..') n 

4fc. fc. 2 
I 0 h 

hw 2p c 
k T M R 

e B -1 

2yq(1-y 2)(K 0 +qy) 

(Ko+qy) +(fc.')2 

vo 

(f.. + fc.')' 

,1/2-1 

TJ2 + 1 

.... .... 2 0 2 2 
q = V (K O-K) 1 I< = V k - K 1 

2 2 
k = k +e·~ 

0 I'Jl9 

Aaanoi'H'lHhiM *9 o6paaoM aanHCbisaerc.H sepo.HTHOCT 

neHHHX, n9)1{8lllHX 
~ 

sayTpH yi'nos nonHOI'O orpa*eHHH, 

dw
2 

(0) 

dO 

1 

2 
(277) 

q(1-y2) 

2 
41 0~ 
~ 
fc. T_ 1 e B 

2_1 2 

h 

2p CR 
M 

2 

4k 2 q + ~ 

·1----
Ko+K+qy 

TJ I 
+ ·Y 2 + 1 

1J 

llOp.HilOK ManOCTH Bb!p8)1{eHHI (37) H (38) paBeH V 

C nopHJlKOM M8nOCTH 4Joaa HeKOI'epeHTHO H Heynpyi'O 

0JlH8KO OHO CeneKTHBHO no sHepi'HH H HMeeT MeCTO 

= Eo+ h wR • I'Jl9 WR -'l8CTOT8 peneeBCKOi 

17 



OCKOnbKY BnHRHHe nosepXHOCTH Ha BOnHOBy~ ~YHKUH~ ~OHOHa CKa-

-1 
g TOnbKO B o6naCT.HX, pacnono:lKSHHbiX .QO rny6HHbl "' p n , TO no-

B03HHKa~mHe OT MO.llH~HKaUHH BOnHOBOft ~YHKUHH ~OHOHa, HMS~T 

nopRAOK, 'ITO H nonpaBKH, o6ycnosneHHb19 .llPO>KaHH9M nosepXHOCTH, 

narrpHMep, Heynpyroe paccesume Ha nosepxHOCTHbiX peneeB

KOTOpbiC 9CT9CTB9HHbiM 06pa30M CO.Qep>KaTCR B ~OpManH3M9 

Heynpyro pacceRHHbiX OT peneeBCKHX sonH H pacnpocr

g KaK Hapy)!(y B o6naCTb yrnOB, M9HbWHX KpHTH'I9CKOI"O ( k z 

v ) , TaK H BHyTpb Cpellb1 0 paBHa, 
0 

2 

(217) 
3 

2 
d q 

r --h--;;;-
e rr1 B-

4V h 
0 

2p w 
IL 

2 
TJ - 1 

~ 
0 

~ + ~~ 

2 

q 

K (a) 

2 TJ -1 2 

q2(1-y2)2 

--------+ r K + q l + fi '> 2 
0 y 

(35) (1-lHKo+ qy) 

q )2+ (~')2 1/2 + 1 
+ ·Y ( 2 ) + 

TJ + 1 y 

~ ') 

2 2 2 
q (1- Y_ ) vo I. 

[(Ko+qy)2+fi'>2 12 

OHhi, neynpyro orpa>KeHHhie OT peneeBCKHX Bonn B o6naCTb yrJtoa, 

KpHTH'I9CKOI"0 0 COCTaBnRIDT non~ 

2 
4~ 0 ~ h 2 2 1 2 1 d q q Q( 1 - y ) TJ -

(2rr) 3 r 
~ --I +-y I, 

2p w K(a) K
0 

+ K + qy TJ 2 + 1 
~B T 

(38) e -1 

=q··y, y=y1-(cRicrJ2, cR=wlq, TJ=v1-(cRict) 2• 

(y- TJ) (y- TJ + 2y 11 
2

) I (2yTJ 2 )• 11a Bbipa>KeHH.H (35) BH.llHO, 

HM99T ManoCTb nopRilKa v O tO , nOSTOMy npeHe6pe>KHMO no 

~ c (31 ). BenH'IHHa >Ke p. (R) 6naronapg ManocTH ~asosoro o6'be-
2 • 

18 

Ma, no KOTOpOMy npOH3BO.llHTCR HHT9f'pHpOBaHH9 1 HMeeT nOpRilOK V 
2 

H 
(R) 0 

rrpeHe6pe>KHMa no cpasHeHHlO c 11. 
1 

• TaKHM o6pa3oM, BKnan penees-

CKHX BOnH B Heynpyroe paCC9.HHH9 HeftTpOHOB HM99T TaKOft >Ke nop.HilOK 

Manocra, KaK a BKnaa, o6ycnosneHHbift apo>KaHHeM nosepxHOCTH, 

11HTepeCHO nOCMOTp9Tb 1 KaKOft BH.ll HM99T yrnosoe pacnpeaeneHH9 

H9HTpOHOB1 OTpa>KeHHhlX OT peneaBCKHX BonH, nH~epeHUHanbHy~ BepO.HT-

HOCTb paCC9SIHHR B HHTepsan J 0 OKOno HanpaBn9HHR 0 , HaXOilRW9f'OC.H 

BHe yrnoB nonHOf'O OTpa>KeHH.H0 MO>KHO 3BnHCaTb B BH.ll9 

dw 
1 

(0) 

dO 

1 

2 
(277) 

,4i t 2 

0 

hw 

k T 
e B -1 

h 

2p c 
M R 

(1-y2)2 q 2 2 yq(l-y2)(Ko+qy) 

·[ +-------
rKo+qy)2+(~')2 rKo+qyJ + rt')2 

vo 
2qkd0 

(~ + ~'/ 4k l q + e (K; -K 
2 

-q
2
) 

. ., 2- 1 2 TJ 2 - 1 2 
-+y ( )], 

TJ2+ 1 1/2 + 1• 

(37) 

rne 
... ... 2 

q = y(K
0
-K) , 

2 2 
~ =vk -K, k

2
= k

2
+e·q, e = 

0 

2m c R 

h 

AHanorH'IHbiM >Ke o6pasoM sanHCbiBaeTCR sepoSITHOCTb pacceRHHSI a Hanpas-

neHHSIX, ne>KamHX BHyTpH yrnoB nonHOI"O "OTpa>KeHHSI, 

dw
2 

(0) 

dO 

1 

2 
(277) 

q(1-y2) 

4ft it 
2 

0 
h 

~ 2p CR ~B T- 1 M e -
2 -1 2 TJ -

·1----
Ko+K+qy 

+ ·Y 2 + 1 
TJ 

2qk 

4k 2 q+er~~-~2-f12J '(38) 

nopSI.llOK Manocru Bbipa>KeauA (37) H (38) paseH v :
2 I p.ll

3 
H cosnanaer 

C nopR.llKOM ManOCTH cpoHa H9KOI"'epeHTHO H Heyrrpyro pacceRHHbiX HeATpOHOB, 

OllHaKO OHO ceneKTHBHO no SH9pf'HH Jii JiiM99T M9CTO TOnbKO ang E 
~ 

= EO + h W R , f'.Qe W R -'laCTOTa peneeBCKOH BOnHbl ( WR = cR..j ( Ko- K )) • 
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5o BnHHHHe vcpegHeHHoro Tennoeoro ABH*eHHH ggep 

ua nonuoe oTpa*eHHe HeBTpOHOB 

KaK H3BeCTHO, Tennoeoe ABH*eHHe HAep npHBOAHT K yMeHbllieHHID aMn

nHTYAbi ynpyroro pacceHHHSI He8TpOHOB 0 npOHBnHIDIUeMyCH B BHAe <jlaKTOpa 

ne6aH-Bannepa, KOTOpbiB paBeH eAHHHUe AnSI ynpyroro pacceHHHSI BnepeA 

H MOHOTOHHO y6biBSeT C pOCTOM nepeASHHOfO HMnynbCSo J.1HTYHTHBHO SICHO, 

"'TO yMeHblli9HHe KOrepeHTHOH SMnnHTYAbl nOHH*SeT noTeHUHSnbHbiii 6apbep 

CTeHKH 1 HO He M9HSteT K03<jl<jJHUHeHT OTp8)KeHHSI 0 ecnH HOpManbHSSI KOMno

HeHTS CKOpOCTH nagaromero HS CTeHKY HeATpOHS OCTSeTCSI HH*e rpaHH"'HOA, 

0AHSKO "'T06bJ cgenaTb OKOH'laTenbHbiA BbiBOA 0 BnHSIHHH ycpeAH9HHOfO Ten

noeoro ABH*9HHSI ggep Ha KOa<jJ<jJHUHeHT OTp8)KeHHSI 0 Heo6XOAHMO HHTyHTHB

Hbie C006pa)l<eHHSI flOAKpenHTb MSTeMSTH'leCKHMH paC'leTSMH. B HSCTOHIUeM 

nyHKTe DOK83SH01 "'TO TepMOAHHSMH'leCKOe ycpeAHeHHe Tennoeoro ABH*9HHSI 

HAep aKBHBaneHTHO Tep~10AHHS~1H'lecKoMy ycpenHeHHro APO*SHHH noeepxHoc

TH CTeHKHo nocnegHee *9 Ha Sl3biKe flOoTeHUHana 03HS"'SeT, "'TO noTeHUHSn 

npHo6peTaeT BHA CTyneHbKH C pa3MbiThiM KpaeMo AMnnHTyAa *e nonHOfO 

0Tp8)1<9HHSI no CpSBHeHHID C OTpS)I<eHHeM OT CTyneHbKH C pe3KHM KpaeM 

OTnH"'SeTCSI TOnbKO <jla3oA, HO He a6conroTHOA eenH"'HHOBo 

PaccMoTpHM cHoea noTeHUHan ( 13) o Ero MO*HO npH paeHoMepHOM 

pacnpeneneHHH ggep B cpene npencTaBHTb e BHne: 

... , .... -+ -+ -+ -+ 3 
v(r,t)= v

0 
f8(z )exp[-iu(r,t) V ]~(r-r')d r'o 

YcpeAHHM aTOT noTeHUHan no TennoBbiM Kone6aHHHM cpeAbi /2/, Torna 

nony'IHM 

<v(l,t)> 

rne 

'IV 

... 
v (r) = v e 

0 

h 

~ J 2p fJ. w 

d2 
wo--

dz2 
(J (Z) = v 0 I (Z) , 

d3 q 

(2rr/ 
h w ) 0 

cth ( 2iB T 
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Ecnu 8 (Z) 
3SnHCSTb B HHTerpanbHOM npeACTaBneHHH, TC 

zh..jw 2 
1 -x 

I (Z) = -=: f e d:r o 

vrr -oo 

ny'IHTb 

0TCIDA8 BHAHO, "'TO peaynbTHpyiDIUHA noTeHUHan npeACTSBJ 

neHbKy BbiCOT08 V O C p83MbiThiM KpaeM lliHpHHOll: 2 yW 

B9HHO, 'ITO OTP8*9HHe OT TSKOH noTeHUHSnbHOll: CTyneHbKH 

CTOnb *9 nonHO, K8K H OT pe3KOll: V O (} (Z) o OnHaKo <jla 

eonHhi ace *e MeHHeTCHo B nepeoM nopHnKe no w H3M< 

paeuo -2! 0 K 
0 

w 

3aKnro'leHHe 

KaK cnenyeT H3 nauuoa pa6oThi, e ne6aeecKoB Mone• 

nornomeHHSI YXH npH OAHOKpaTHOM coynapeHHH co CTeHKOI 

HarpeBSHHeM H8 TennOBbiX KOnefiaHHSIX CpeAbl 0 MO*eT ODHC 

*9HHeM (3), B KOTOpOM U 3KCTpanonHpyeTCSI H3 o6nac1 
HY 

fRio 3TO 03Ha'laeT, "'TO TennOBble KOnefiaHHSI peweTKH, ec 

Hbi8 cneKTp He COA9P*HT K8KHX-nH60 SHOManui!: B HH3KO'i8< 

(eonpoc Tpe6yeT TIUaTenbHoro accnenoeaHHH), He MoryT o 

uyro yTe'IKY YXH H3 cocynoe. 

AeTop BbiPa*aeT 6naronapuocTb <l>ono llJanapo, KOTop 

peweHHbi9 3A9Cb 3SA8'1H H nOCTOSIHHO o6CY*A8n peaynbTaT: 

nonbsyeTCSI cny'laeM Bbipa3HTb ceoro 6naro.aapuocTb AoiOM, 

B npeo.aoneHHH HeKOTOpbiX M8T9M8TH'i9CKBX Tpy.QHOCTei!:, a 

Koey, IO.H.noKoTunoecKoMy u A.B.CTpenxoey sa MHoro'luc; 

llHCKyCCHH. 
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5. BnuRHHe ycpeuaeaaoro rennoaoro HBH*9HHR Rgep 

Ha nonaoe orpa*eHHe Heiirpoaoa 

KaK uasecrao, rennosoe JlBH*9HHe Rttep npnBOJlHT K yMeH&ll!eHHIO aMn

ynpyroro pacceRHHR H9ATpOHOB 0 npORBnRIOll!eMyCR B BHJle ~aKTOpa 

annepa, KOTOpbiH paseH ettHHHUe ttnR ynpyroro pacceRHHR snepett 

OTOHHO y6bJBaeT C pOCTOM nepettaHHOI"O HMnyn&ca, YIHTYHTHBHO RCHO, 

MeHbllleHHe KOrepeHTHOH aMnnHTYJlhl nOHH*aeT noTeHUHanbHhlH 6apbep 

, HO He MeHRer Koa<Jxi>HUHeHT OTp8ll<eHHR, ecnH HOpManbHaR KOMno-

CKOpOCTH natta!Oll!ero Ha creHKY Heiirpoaa ocraercR HH*e rpaanqHoA. 

0 qro6bJ CttenaTb OKOHqarenbHbiH BbiBOJl 0 BnHRHHH ycpettHeHHOI"O ren

O JlBH*eHHR RJlep Ha KO::l~~HUHeHT OTpall<eHHR, He06XOJlHMO HHTYHTHB

nOJlKpenHTb MaTeMaruqecKHMH pacqeraMH. B HacroRmeM 

noKaaaHo, qro repMOJlHHaMuqecKoe ycpettaeaue rennosoro JlBH*eHHR 

:3KBHBaneHTHO repMOJlHH8MHqeCKOMY ycpettHeHHIO JlP0*8HHR noaepXHOC

eHKH, nocnettHee *e Ha R3biKe no-reauuana osHaqaer, qro noreHuuan 

raer BHJl cryneHbKH c pa3MbiTbiM KpaeM, AMnnuryJia *e nonHoro 

HR no CpaBHeHHIO C OTp&ll<eHHeM OT CTyneHbKH C pe3KHM KpaeM 

TCR ron&KO ~aaofi, ao He a6con10rHoA senuquaoii, 

PaccMorpHM caosa noreauuan ( 13). Ero MO*HO npu pasaoMepHOM 

ononouuu RJiep B Cpette npeJlCT8BHTb B BHtte: 
, .... .... ..... -+ .... 3 

v ((J(z )exp[-iu(r,t) V ]8(r-r')d r'. 
0 

aror noreauuan no rennosbiM Kone6aHHRM cpettbi /2/, rorJia 

d2 

'IV 

v (;) = v e 
0 

h 

~ J 2p w 
p. 

w•-
dz2 

(J (Z) = v 0 I (Z) • 

d3 q 

(2 71) 
3 

h w ) • 
cth ( 2iB T 
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Ecnn (J (Z) sanacar& a HHrerpan&HOM npettcrasneauu, ro aerpyJlHO no-

z/2y-;; 2 
1 -x 

I (Z) = ~ r e dJl • 
vrr -oc 

nyqlfTb 

OrCIOlla BHllHo, qro peayn&rupy!Oll!HH noreauuan npeucrasnRer co6oii cry

neH&Ky B&Icoroii v 0 c pa3MbiTbiM KpaeM lliHPHHoii 2 yw"' v< u 2 > • Ecrecr-

aeaao, qro orpa*eHue or raKofi noreauuan&Hoii cryneHbKH npoHCXOJIHT 

cron& *e nonao, KaK 11 or peaKoii V (J (Z) 
0 

• OttHaKo ~aaa orpa*eHaoii 

sonH&I ace )l(e MeHReTc.!l, B nepaoM nop.!lttKe no w 

paaao -2K 0 K 0 w 

3aKniDqeaae 

H3MeHeHHe ~83bl l) cp 

KaK cnenyer H3 Jl8HHOA pa60Tbl 0 B ne6aeBCKOii MOttenu KOS¢qJHUHeHT 

nornomeHH.!I YXH npa O.!lHOKparHoM coyttapeHHH co creaKoA, o6ycnosneHHbiA 

Harpes&HHeM Ha TennOBbiX KOne6aHH.!IX cpe,!lbl, M0*9T OnHCbiB8TbC.!I Bbipa-

*eHH9M (3), a KoropoM a aKcrpanonKpyerc.!l us o6nacru rennoa&IX aaep-
HY 

rul. 3ro osaa':laer, ':ITO rennoa&Ie KOne6aHHR pell!eTKH, ecnn ron&Ko 4Joaoa-

HbiA cneKTp He COllep*KT K8KHX-nH60 8HOManHH B Hlf3KO':I8CTOTHOH o6naCTH 

(aonpoc rpe6yer rmaren&Horo accnenosaHH.!I), He Moryr o6~RCHHTb aHoMan&-

ay10 yre':IKY YXH us cocynoa. 

Aarop Bbipa*aer 6naronapaocr& cl>~n. Wan11po, Korop&IH c4JopMynnpoaan 

pell!eHH&Ie snec& aatta':IH H nocro.!IHHO o6cy*nan peayn&raT&I. Aarop raK*e 

non&ayercs cny':laeM Bbip&3HTb cao10 6naroaapaocr& A.IOMaroay sa noMoll!& 

B npeoaoneHKH HeKoropbiX MareMaTH':IeCKHX rpyJIHocreA, a raK*e B.M.nymH

Koay, IO.H.noKoranoacKoMy H A.B.CrpenKoay sa MHoro':lacneaa&Ie noneaa&xe 

.!lHCKyCCHH. 
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