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Borrpoc o6 o61>SICHeHHH aHoMallbHO 6onbwol! acHMMeTpHH Heil:TpoHoB, Ha6mo

AaiOmeil:cSI1 
1/ B pe8KUHH 

/2/ 
AO CHX nop OCTaeTCSI OTKpb!TbiM; pa3nH'IHble OUeHKH , npOBOAHMbie B p8MK8X 

OAH0'18CTH'IHOrO r8MHnbTOHH8H8 B38HMOAel!CTBHSI, npHBOASIT K BenH'IHHe 8CHMMeTpHH 

MeHbWel! eAHHHUbl. 

B ABHHol! pa6oTe KoaqxpauaeHT aCHMMeTpaa HeliTpOHOB Bbi'IHCn SieTcSI a paMKax 

2-'18CTH'IHOrO raMHnbTOHH8H8 B38HMOAel!CTBHSI, BnepBbie HCllOnb30B8HHOrO B pa6o

/3/ 
Te (AnSI OUeHKH BKn8A8 3TOrO MeX8HH3M8 B llOnHyiO B epOS!THOC Tb 38XB8T8) H 

B03HHK8I01Uero H3 p8CCMOTpeHHSI AHarpaMM BHAB: 

( 1 ) 

Mo)I{HO npaaeCTH HeKoTopbie coo6pa)l{eHHSI B nol!hay 

HH3M8 /.L -38XB8T8 AnSI cnyqag Bb!XOA8 Hel!TpOHOB 6onbWHX 3HeprHl!. C pOCTOM 

3HeprHH BbineT8IOll!ero !fel!Tp0H8 ( 8 HMeHHO npH M60nbWHXM 3HeprHSIX Hel!TpOHOB 

H Ha6niOA8eTCSI 60nbW8SI 8CHMMeTpHS!) .OOnSI 3HeprHH, npHXOAffiUBSICSI H8 Hel!TpHHO, 

na.naeT H MeX8HH3M 38XB8T8 AOn)l{eH npH6nH*8TbCSI K MeX8HH3MY 38XB8T8 rr-Me-

30HOB, KOTOpbie, K8K H3BeCTHO, 38XB8TbiB810TCSI H8 napax. 

C Apyrol! CTOpOHbi, H3BeCTHO, 'ITO IJO'ITH BCe 3KCIJepHMeHT8nbHO Ha6niOA8e-

Mble !jla3bl HyKnOH-HyKnOHHOrO paCCeSIHHSI B o6naCTH 3Hepral! > 10 Mae y.noaneT-

BOpHTenbHO annpOKCHMHpyiOTCSI COBOKyllHOCTblO 0.0HOMe30HHbiX AHarpaMM, COOTBeT-
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/ 4 / 
C TBY JOlllH X o6MeH y rr p (U n npyrH X MeaoHoB • E c nH S TH nHa rpaM M W 

CTOHb cymeCTB e HHbl B HY KHOH- HyKHO!I HOM B 3 8H M OneilCTBHH 1 TO npenC T 8 BH5!H OC b 6bt 

CTp8HHb!M OTCy TCTBHe nHarpaMM BHna ( 1 ) B /l - 3 BXBB T e , 

VITaK, raMHHbTOHHaH B3BHMone il c TBH5!, c o o TB e TCTByto mHll nHarpaMMe ( 1) H 

nepeKpeCTHOH nHarpBMMe, HMeeT BHn: 

2 -- -- ........... --
H = __D;__ (_L) [r (I) r _ (2)- r _(I) r 8 (2l](a 1 V 1l(a2 V 2lj L('Vt -valG(r 1 r 2 l, (1) 

12 (4rr)2 2M 3 

r n e 

j L <v \U-avla'lll > 

G(r r ) I 1 - ~~ ~-1 2 = --.-rn f da -kvx -rrl-x J -~~ 1 - _
1 

(277 )8;2 x e cp ( x) e r r 2 - x I 

1<1 -x i\ r; -x i 

cp(x)- BOHHOB85! !jlyHKUH5! 1-'- -Me30H8 HB K -op6HTe , 

TaK KBK HBC 6yneT HHTepeCOBBTb TOHbKO yrnOBOe pacnpeneneHHe HeilTpOHOB, TO BCe 

nocT05!HHb1e MHO>KHTenH B H
12 

6yneM onycKBTb, TaKHM o6paaoM, 

H 12 = JL • J N 

w(IJ) =fSpp
1

dw - HCKOM85! Bep05!THOCTb, 

+ llg 
p

1 
=Hp

1 
H - KOH e qaa5! MaTpHua nnoTHOC TH, 

p 
1 

=Yz(l+fcJ)- C!IHHOB85! M B TpHUB !IHOTHOC TH, O!IH C biB810Ul85! 1-' -Me30Hbl C !IOH5!

-+ 
pH 3 8UH eil ~ 

TaK KBK np06HeM8 B U e HOM o'IeHb CHO>KHB, TO H B n e pBOM STa n e H8 C 6yneT H HT e 

peCOB8Tb TOHbKO npl!HUH!IH8HbH85! B03 MO>KHOCTb noCTH >KeHH 5! 8C HMMe TpH e il CBoe rO 

M 8 KCIIM8HbHOrO 3 H a qeHII5!, Doa TOMY 6yneM cqi!T 8 Tb, q T O /l - 38XB8 T npOHC XOniiT Ha 
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Sinpe CO CIIHHOM 0 , HM810IU8M naa HYKIIOHa caepx 38MKHYTOH 060IIO'iKII; B KQ-

He'iHOM COC'!'OS!HHH HMeeM OlllfH Bhin8T8Bllllfli HYKIIOH H S!llp0-0CT8TOK B OCHOBHOM CO-

CTOS!HHH, 8 I'a'ieCTBe panHlliibHbiX tPYHKUHH HCIIOIIb3yeM OCUHIIIIS!TOpHbie tPYHKUHH, 

Dpu 3 TH X npennono)l(eHHSIX ( HeKoTopbie H3 HIIX He o6SI3aTeiihHhi H rrpHHS!Thl naUib 

lliiS! IIpOCTOTbl), a T8Kll<8 II pH ycnOBHH ( 3), K03tP!jlHUH8HT llCHMMeTpHH HeHTpOHOB C 

3Hepntei1 25-30 M3a oKa3biaaeTCSI aeCbMa 6nH3KHM K + 1, 

Sp p 
1 

MO>I<Ho rrpencTaBHTb ·a auae: 

= 2(1 +{vl8kk' -2<.; v, +.; ,v l -2iv ( -i.; ( , +iv v .; ( -
k k k k j jkk j jkk k j p k 'j p 

iv k, v .; f + i 11 p ( "$Jl f k 'k - nerrTOHHhifi umyp 
p kjp p 

I a> - panHaiibHaSI H yrnoaaSI <!JynKUHSI Ha'iaiibHoro Mpa; 

I b > panuanbHaSI H yrnoaaSI cjlyHKUHH KOHe'iHoro Sinpa + HYKIIOH a HenpepbiBHOM 

cneKTpe . 

6yneM C'ii!TaTb Tenepb, 'iTO HMeeT MeCTo ycnoa11e 

(3) 

rae p
51

- Cpentmil IIMIIYIIb C Siapa OTaa'lH, p - HMnynbc HeliTpoHa· c 3HeprHeli ~ T 
Bo3MO)I(HOCTb abmonHeHHH ycnoauH ( 3) Mbi o6cynuM no3nHee . 

C y'-ICTOM yCIIOBHH (3) BblplllKeHH~I ann M8TpM'-1Hb!X 3IICMeHTOB TOKOB <h f jk Ia > 

cymecTaeHHO ynpomaiOTCH 11 Mbl nonyqaeM: 

(4) 

VltiaCKCb! 1 H 2 y CriiiHODbiX MaTpiiU OTIIOCHTCH K Bbiii8TCBW8MY Hyi<JIOHy H KOHe'-1-

HOMY H!lpy COOTB8TCTB81IHO, 
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3aecb BBeAe Hb1 cneayiOIUHe o6oaHa'leHHSI: 

exp[--b(p-q)2) [ - - - - - -) 
T -fd 8q ""'0 i(q-p) F(q-pl-F 1 (q-p) 

I (q2 + f12)((q-p)2 +/'2) I 

- -t<<i"-"P>' a 
F(q-p)- frfJ.~£'f1'(1)e r/JnffL (r)d r 

F I (q -p) = f'i'* , J.~) .-4(Q'-olr 
n f fL r e I 'i' n ffl \r) d 

8 
r . 

'i' nf fL - BOnHOBb1e !j>yHKUHK HyKnOHa, OCTaBIUerOCSI B SlApe, 

~ 
TaK KaK HHTerpan Tl 3aBHCHT TOITbKO OT OAHOrO BeKTOpa p , TO MOlKHO HanH-

CaTb; 

Tl = fpl 

!j>yHKUHH b 1 H b 2 OnpeaenSIIOTCSI pa3nOlKeHHeM 

Tlk ~ bt P1 Pk + P
2 

b281k 
rae 

8 exp[-ia(q-p)2) - -- --
Tlk= fd q 2 2 _ - 2 2 ((q-p)IF(q-p)+(q-p)kFI(q-p)-

(q +fL l[(q-p) +fL l 

- ;Cij-jil 1 (q-p)k F(q-pl + iF1k (q-p)) 

-1(q-p}r 

Flk (q-p) • f r/J* '"'_{"f) e V V rjJ o (r) d a, 
n Lfl I k n t fL 

HcxoASI H3 cTpyKTypb1 TOKa (4), nerKo ycTaHOBHTb, 'ITO BKnaa B BepoS!THOCTb aaiOT 

He BCe qneHb1 TeH30pa Tkk' 1 a TOnbKO 2 H3 HHX: 

21 [ 1 + < ~"> J.s ,- < ~ k v. , + e , " > 1 
kk • k k 

(5) 

noACTaBnSISI ( 4) H (5) B Bb1palKeHHe AnSI Spp I , nony'laeM 

spp
1 

= 2 [n 1 + <P"e>n 2 J (6) 

HHTerpapyg no yrnaM p ll" , nonyqaeM 

f - 61 2 n 1 dcu p = 477 f - b I - b2 I 
l7) 

f0 2 dcup = 477p
0 If- b 1 - b 2 l2 
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I 

13 yrnos o M p a crrpenen eHnn n eiiTponon 

II ~ l + a,; cos 0 

1!3 (6) , (7) II (2) rronyqaeM 3!ia'leHH e + 1. 

Cpa3y 3 a M eTH M , 'ITO rrony'le HnaH anecb senll'!HHa K03cpcpllUH e nTa acnMMeTpiiii 

H e 3 8BII C f!T OT KOHCT8 HT c na60f'O B .'381IMO[leilcTBIIH; 3TO 06CTOHT 8 1lbCTBO o6ycnOB/le HO 

'IIICTO B 8 KTOpHOH 11piipO!!OM 3cpcpeKTIIBHOf'O f'8MIIIlbTOHII8Ha Jl -38XB8T8 ( 1 ) , 3aM8TIIM 

TBK>Ke , 'ITO 3H8K 8CIIMMeTp1Ili, K8K 3 TO cnenyeT li3 (7), He 38BIICliT OT KOHKpeT-

HOI'O Blill8 HnepHb!X M8Tp1I'1Hb!X 3/l8M8HTOB b1 II b 2 , a HBilHeTCH C/le[lCTBII8M 

mmib nsyx ycnoBIIil: Bhtpa)l(ef!IIH \4) nnH Haepnoro ToKa II ycnoBIIH (3). CTpyKTypa 

TOKa ( 4) HBnHeTCH, B CBO!O O'l e p e nb, cnenCTBIIeM CTPYKTYPht 3cpcpeKTIIBHoro raMIIIlb

TOHIIaH a (1) II ycnOBIIH (3). 06CYlliiM T8118pb yCilOBIIe (3). 

Do orrpeneneHII!O IIMeeM: 

p 
5I 

Pm 

!pHN (pH )d3~H 

JN(p 51 ld 8 p 
0 5I 

rne N (pSI > - crreKTp Slnep OT!la'III, 

T.e. anSI orrpe nene nii H He 3aBIICffillero oT Mone neCl 3 H a 'IS H II51 p 
51 

n e o6xoniiMO 

IJ.+x .... x "+n+v . 3 H8 T b 3KCI18piiMe HT8llbHbiH C I1 8 KTp Haep 0Tll8'III B pe8 K UIIII 

Dpii cpopM e c rr e KTpa c 
" , Nt 

H8 XBOC T 8 , T,e. N;;- <<] BIIna: 

yCJIOBII0. (3) MO~<eT l3LtnOJ1JH!ThCll, Tu!Ulll <jlopMa CITCKTpa lTC llpOTHBOpe'IUT 3KC!!epn-

MCHTY HLl. Ca 10 . B Cl311311 .._ IT !lM Mu;.;~no ott.::unaTh, l£TO r S1 Gy/~81' CJia6o 30BHCeTb 

OT M8CCbl l!JlpO , 38 H CKJJJO'!C!J l! SM , KOH8'!HO, O ' te lib ll8f'KHX 5lll8p, 1'/l8 yCilOBHP (3) 6y-

T.l0T IU.tpywaTbC51 OlJCl3ll!l.llblM OCip(LJ0\.1; 'f . l"). 0 COOTBGT C T HI1 C ptH'CMnTp11BQ0.MbJM 

MOXLlHH3MOM 11 - 3aXUUTD iJC il !\11"1CTpi1.H I1pi1 60JJblltiiX 9HGfH'H>lX JieHTpOHOB JJ(l OY.CHL 
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