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1. BBE,llEHHE 

RpH ocTa~oaKe p--Me30HOB a cMecH H30Tonoa BOAOPDAa npoHc­
XOAHT PAA HHTepeCHbiX ABJleHHH/1/. 6biCTpble p- -Me30HW /10-100 K38/ 
TepAOT CBOn 3HeprHO B CTOflKHOBeHHAX C MOneKynaMH CMeCH- H o6pa-
3YOT p -Me30aTOMbl B BbiCOKOB036-YJKAel:fHbiX COCTOAHHAX, KOTOpble 
3aTeM nepeXOAAT B OCHOBHOe COCTOAHHe lsu nyTeM Bb16paCbiBaHHA 
OlKe-3neKTPOHOB H paAHaLIHOHHbiX nepeXOAoa1 11, XoTJit ace 3TH npo­
qeccw He nonHOCT bO H3y4eHbl a Ae:ranAx, ycTaHoaneHHbiM CI.IHTaeT­
CR TOT ~aKT, "'TO B CyMMe OHH 3aHHMaOT BpeMA -10- 10 c, "'TO Ha­
MHOrO MeHbWe BpeMeHH lK~3HH MOOHOB 'p- 2•10-B C, 3TO 03Ha4aeT, 
l.lTO no Cy!4eCTBY OCHOBHOe COCTOJIIHHe P "-Me30aTOMOB ABnAeTCA 
Hal.lanbHbiM" COCTOAHIAeM CHCTeMbl no OTHOWeHHO KO BCeH COBOKynHOCTH 

nocneAYIOII(HX KOHKYPHP~~x APYr C APYrOM- npol.leccoa: 
l/ 3neKTPOMarHHTHbiX - opTo-napanepexoAbl a MeaoaTOMe, nepe­

XOA p--M-e30Ha K TAlKenbiM AAPaM, o6pa30BaHHe P -Me30MOneKyn; 
2/ cna6wx - p- -3axaaT npoTOHaM-H AAep, p- -pacnaA; 
3/ CHM>HbiX - J'IAepHbiH CHHTe3 B o6pa3o&aBWHXCA Me30MOneKynax, 

CKOpOCTH M-HOrHX 113 HHX CHnbHO 3a&HCAT OT CTPYKTYPbl ypOBHeH 
3Hep£'HK M-e30aTOMOB, 

p· -Me30aTOMbl H30TOOOB BOAOPOAa 80 MHOrOM aHanorHI.IHbl 06b14-
HbiM aTOMaM; B TO lKe apeMA KPOMe HX KOHei.IHOro apeMeHH lKH3HH 
OHH HMeOT cneAYIOII(He OCo6eHHOCTH: 

I. TaK KaK Macca p- -Me3oHa a g- 200 pa3 6onbwe Maccw 3neKT­
poHa, OTHOCHTenbHbiH BKnaA penATHBHCTCKHX nonpaBOK K KynoHOB­
CKHM ypo8H.AM 3HeprHH B03pacTaeT 8 g pa3 H CTaHOBIATCA CyU(ecT­
BeHHbiM B npeAenax Tpe6yeMOH T04HOCTH /~5·10-S 38/ peweHHA 3a-

Aai.IH 0 KHHeTIAKe BCeH COBOKynHOCTH npol.leCCOB 1-3/. . -11 
11. H3-3a Manwx ·pa3M-epoa P -Me3oaTOMOB /-10 eM/ KOHe~o~-

Hble 3neKTPOMarHHTHble pa3M-epbl AAep TaKlKe OKa3b1BaOTCA BalKHbiMH, 
,llnA onHCaHHA 3~eKTOB I H n 8 HaCTOAU(eH pa6oTe HCnonb3yeTCA 

R&a3HnoTeHI.IHanbHOe ypaaHeHHe ToAopoaa121 AnA ABYX cnHHOBbiX l.lac­
THLI C 3neKTPOMarHHTHWM B3aHMOAeHCTBHeM /§2/. 8blnHCaHbl B KOOp­
AHHaTHOM npeACTaaneHHH npH6nHlKeHHble /c TOI.IHOCTbO AO ~o~neHOB -a2 

BKn04HTenbHO/ ypa&HeHHA AflA nap /TOlKAeCTBefiHbiX HnH pa3HbiX/ 
l.laCTHLI co cnHHaMH (T/2, 1/2) , (1, 1/2) H (1, 1) /§3/. Ha oc­
HOBe AaHHbiX H3 pa6oT 16 •7•81 nocTpoeHa YAo6HaA AnA Bb14HcneHHH 
annpoKCHMaLIHA 3neKTPOMarHHTHbiX ~p~aKTopoa npoToHa, AeHTPOHa 
H TPHTOHa H Bbii.IHcneH~ nepBble HeHCI.Ie3aOU(He penATHBHCTCKHe H 
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CB~3aHH~e C KOHe4H~MH pa3MepaMH ~Aep nonpaBKH K OCHOBHOMY 
ypOBHIO 3HeprHH hfs Me30aTOMOB pp.- , dp.- H tp.- /§4/. 

2. KBA3HnOTEHUHAflbHOE YPABHEHHE TOAOPOBA 

AMn11HTYAa ynpyroro pacce~HH~ 4aCTIA~~ 1 c Maccoii m 1 1o1 cnH­
HOM 81 Ha 4aCTH~e 2 C MaCCOH m 2 H cnHHOM s 2 CB~3aHa C S -MaT­
PH~eH paaeHCTBOM 

< p1(1p2(2ISiq11'/1Q21'/i> = < p1(1p2(21 q11'/1Q21'/2 > 

. ( 4 (4) ~ ~ 
+1 2 17 ) B (p1+P2-q1-q2)T (p1"'1'p2c,2,q1711• q2712), 

rAe p 1(q 1) H ( 1(1'/i) - KOHe4HbiH /Ha4an .. H~H/ 4-HMny11bC j-oi:i 
4aCTH~~ H npoeK~H~ ee CnHHa Ha ~HKCHPOBaHHYIO OCb; HOPMHpOBKa 
OAH04aCTH4HbiX COCTO~HHH B~6paHa B BHAe 

< pi(ilqil'/i>= (211)32piB(S)(pi-ql )B(·l'/· • 
1 1 

j~:~ 

p? = ' V P 21 + m ~ • 
1 1 

BBeAeM HMny11bCbl ~eHTpa Mace H OTHOCHTe11bHOro ABHmeHH~ ABYX 
4aCTH~: 

E2 E 1 
P=P1+p2; Q =qtq2; p = wP1- w P2 

E2 E1 
Q=-wq1-wq2 

rAe 

w = V p2, E. = .L ( P p1 ) = .!._ ( P q . ) , i = 1, 2. 
1 w w 1 

B cHcTeMe ~eHTpa Mace /c.~.M./ P=O; w ~B11~eTc~ 3HePrHei1 01c­
TeM~, p=(O,p), Q=(O,q). 

Ha Maccoeoii noaepxHOCTH 
4 2 2 ( 2 2) ( 2- 2)2 ... 2 ... 2 2( ) w - w m1 + m2 + m 1 m2 

P=Q=bW= 
4w2 

H aMnJlHTYAa pacce~HH~ 3aBHCHT OT C11eAY~HX nepeMeHH~X: 

T(p1(1,p2(2,q11'/1.q21'/2) = T~ ~ (\S .C{; w). 
\, 1"'271171 2 

KeaaHnoTeH4Ha11bHOe ypaaHeHHe ToAopoaa 121 ~an~eTc~ ypaBHeHH­
eM THna fllllnMaHa-WBHHrepa Ail~ aMn11HTYAbl pacce~HH~, COOTBeTCT­
BY~HM CIIIMMeTpH4HOMy BbiXOAY 3a Maccoayo noaepxHOCTb P¥- p~ = 

=q~-q~=mf-m~ . B c.4.M. oHo aanHc~aaeTc~ a BHAe 

T( ( n n (p,q;w)+ ~( (nfl (p,q ... ;w)+ 
1 2 ., t-r 2 1 2·• 2 1 1 1 
81 82 3 
+I~ fJi...!.T · (pk·w)-K- 1 0 (l~<i!w) 
~'1=-e 1 v~-s2 (217)3 (1(2~'1~'2 '' 2w l2...b2-i0 1't~'21'/11'/2 ' ' 

• 

rAe K = 1 A11~ pa3nH4HbiX H K= iz. Ail~ TOmAeCTBeHH~x 4aCTH~. KaaaH­
noTeH~Han ·c onpe~en~eTc~ npH n~oM 3aAaHHOM narpaHmHaHe 
B3aHMOAeHCTBH~ H3 Tpe6oaaHH~, 4T06bl nepeHOPMHPOBaHHbiH P~A Teo­
PHH B03My~eHH~ Ail~ aMnJlHTYA~ pacceRHHR 

T = T (1) + T (2) + .. • 
/2/ 

YAOBJleTBOpRJl KBa3HnOTeH~Ha11bHOMy ypaBHeHHIO Ha MaCCOBOH noaepx­
HOCTH TOmAeCTBeHHO. B npeAnOJlOmeHHH cy~eCTBOBaHHR aHaJ10rH4-
HOrO PRAa AilR KBa3HnOTeH~Ha11a 3TO ~HKCHpyeT KBa3HnOTeH~HaJ1 
Ha MaCCOBOH noaepXHOCTH Bn110Tb AO TOrO 
poro nocTpoeH PRA /2/; a 4aCTHOCTH, 

me nOPRAKa, AO KOTO-

0 (1) = - T ( 1) . 
/3/ 

BBeAeM aonHoayiO ~YHK~HIO: 

<lit: t: Tl (p;w )=(217)3 s(3)<P-<Vu.{1)(if)u~2) (-p)u(1) (~u(2) (-Q) 
\, 1 \, 2'1 1712 q ~ 1 \, 2 1'/ 1 1'/2 

/4/ 

+ _K_ 1 T (p, q; w ). 
2 w q p2 - b 2( w q ) -i 0 ( 1 ( 2"1 1"1 2 q 

3 . 1 2 ... 2 . I 2 ;:t2,. (I) ' · 1 2 AeCb wq =vm 1+q +vm 2+'! ,aMnilHTYAa. uA, /\=-s 1 , ... ,s 1 ,1 = • , 
peweHHe ypaBHeHHR CB060AHOrO nOJlR 4aCTHLI~ i C TpeTbeH npoeK­
~HeH cnHHa A eCTb aeKTop nonRpH3a~HH B cny4ae cnHHa 1, AHpa­
KOBCKHH CnHHOp, eCilH CnHH 1/2, HilH KOHCTaHTa - B 6eccnHHOBOM 
CI1y4ae; COOTBeTCTBeHHO 4epTa HaA CHMBOilOM aMnJlHTYAbl 03Ha4aeT 
3PMHTOBO, AHPaKoBcKoe HilH KOMnneKCHOe conpRmeHHR. Ha ypaaHe­
HHR /1/ CileAYeT, 4TO <II YAOBJleTBOpReT OAHOPOAHOMY ypaBHeHHIO 

3 
(p2-b2(w))<llt: t: (p,w)+-

2
K If tlc~ t: (p,k)<llv vn n(k,w)~./5/ 

\,1<,21'/11'/2 WJtV2 (217)3 'o1'o21/1V2 12'1 1"2 

HilH B CHMBOI1H4eCKOH 3anHCH: (p 2-b2 +fwC)<II=O . B 3aAa4aX 
3IleKTPOAHHaMHKH ero ecTeCTBeHHO aanHCaTb B ~BHO KaJ1H6pOB04HO­
HHBapHaHTHOM BHAe: 

((E-V 0
)
2 -(p ... -V'f -m 2 -Vc)<II=O · w • m = m 1m2 E 2- b 2 = m 2 

w w • w !61 
... c 

AJlR KBa3HnOTeH~HaJlOB vo , V H V npeAnOilaraeTCR CYllleCTBOBa-
HHe paanomeHHR THna /2/ B PRA no KOHCTaHTe CBR3H a; B J11060M 
nopRAKe /He npeablwa~eM T04HOCTb nocTpoeHHR C I oHH onpeAenR­
IOTCR /HeOAH03Ha4HO/ H3 Tpe6oBaHHR COBnaAeHHR BnJlOTb AO 3TOro 
nOPRAKa pa3JlOmeHHH AJlR onepaTOPOB B JleBOH H npaBOH CTOPOHe 
paaeHCTBa 
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(E 2 - m~-2EV 0 + (V"-) 2 - p 2 +I p, v 1-v2- vc )<tJ = 

=- <P 2_ b 2 + _K_·c) <tJ • 
2w w 

B peaynbTaTe BBOAa o6o3Ha4eHI-1H lcni-'!HOBble 1-'!HAeKCbl ony~qeHbl/ 

U(p, q; w) = 2E V 0 (p .... q; w) -(v'o ) 2 -(P+V • V(p, q ... ; w) + 

171 
-+2 c 

+ V + V (p, q, w) 

ypaBHeHHe l(ij 3anHCb1BaeTC~ B BI1Ae, aHailOrH4HO'M 151, HO C 3a­

MeHoi1l~ Ha U. nocne AeneHI-1~ Ha 2 E HMeeM: 

1 ->2 b2 
<> K J d\ - (->-+ ) (-> ) I 1(-p- -)u~ 8~ + -- --U~ ~ p,k;w }lfJ k,w ~0. 

"1"2 2E 2E ~1111 ~2112 4Ew (217)3 ~1"'2"1"2 11111271{/2 
181 

- r.1 ... ) -(!').... ... ) -(p) (;! ... ) 8 
B cny4ae, KOrAa U~p. q; w = U ·~_p-q;w +U w+Q: w. I I 3KBI1aa-

neHTHO lnceBAOIIlOKailbHOMY ypaBHeHHIO B KOOPAHHaTHOM npOCTpaH­

CTBe . 
2 ... • (~ ... 

(--1-fl __ b_)¢~~ (r;w)+-K- I (Uge 11 Jr:w)+ 
2E 2E s 1'>i/{/2 4Ew "1"2 1 2 1 2 191 

~) -> A -> 
+ U~ ~ (r,w)I)¢ (r;w)=O, 

~ 1~2'111 2 111112711712 

rAe 
... ... 0 

(p,f) -+ d\ ik-r - (p,L) ->. )· 
u~ ~ (r;w)=f-3 e u~g 1111 (k,w. 

~ 1"'2"1"2 (217) 1 2 1 2 

d3 ·ttJ-+ ... A -+ ... ) 
¢ cr·w)=f _k e 1 rlfJ (k;w); (I¢)(r,w)=¢(-r,w. 

. 111112711712 • (217)3 111112711712 

YpaaHeHHe 191 ~en~eTc~ pen~THBI1CTCKHM o6o6~qeHHeM ypaeHeHI1~ 
WpeAHHrepa; nOCTpOeHHIO U B ~BHOM BHAe Ail~ KOHKpeTHbiX 3aAa4 

noce~~qeH cneAYIOiqi-'!H naparpa<)l. 

3. nPH6n11JKEHHOE /C T04HOCTbiO ,llO 411EHOB -a
2 BKJ1104HTEJlbHOI 

PEll~THBHCTCKOE YPABHEHHE ,llll~ ,llBYX 4ACTHU 
CO CnHHAMH 112 ~nH 1 

OnHcaHI-'!e 3HepreTI-14ecKoro cneKTpa IL -MeaoaTOMOB H30Tonoa 

BOAOPOAa He06XOAHMO npoaeCTI-1 IKaK OTMe4aJ10Cb BO BBeAeHHI-1/ 
C T04HOCTbiO He Xy>Ke 5• 10-3 38. no3TOMY np11 nOCTpOeHI-11-1 KBa3H-

4 

• 

• 

OOTeH41-1a11a U B 171 MOlKHO orpaHH~HTbC$1 * 4JleHaMI-1 -a2 , 4TO B CH­
IlY 131 COOTBeTCTByeT y4eTy 6o~OBCKOH AHarpaMMbl B P~Ae 121 
Ail~ aMnJlHTYAbl pacce~HH~.BocnOilb3yeMC~ 06LqHM Bblpa>KeHHeM Ail~ 
6opHOBCKOi1 aMnnHTYAbl T 8 : 

... gil" -+ ( 1). ... ... (2) 
T~ ~ n n(p,q;w)=+ -

2 
<p(11J, (k)lq711><-p(21J 

11
(-k)l-q712>, 

~1~2·•1·•2 k r 1101 

k = p-q. 

H o6LqHMH peJl~THBHCTCKH-KOBapHaHTHbiMI1 Bblpa>KeHH~MH Ail~ ~aTpi14-
HbiX 3IleMeHTOB onepaTOpOB 3IleKTPOMarHI1THOro TOKa 4aCTH~ 1 1-1 2. 
B cny4ae 4aCTI14 co cnHHOM s = 1/2,1 11MeeM /a eAHHH4ax li =C = 1 I: 

s = 1/2 

<p~l JIll q71 > = Z e ii tp) [ y IL F 1(k
2) + ~: 1) k

11 
[ y

11 
, y ll ] F 2 (k 2)] u 

11 
( Q), 

rAe F1 (k
2

) 11 F 2 ( k 2)- HOPMHPOBaHHble Ha eAHHI-14Y AHPaKOBCKI1H 
H naynl1eBCKI-1H <!>oPM<)IaKTOPbl 4aCTH4bl C Maccoi1 ID, 3ap~AOM Z e, AH­
nOilbHbiM MarHHTHbiM MOMeHTOM 1L 11 CnHHOM 1/2, a u

71
(q) H iie(p)­

- A~-'~PaKOBCKHe cnHHOPb1 131 • 

s =1. 

<p(IJ,Iq17>= Ze(iie$)) ((-F1(k2)1fu+....L(m2G+IL-1)F3 (k 2) x 
,- p 2m2 

. o u k 
2 pu 2 11<1 p vp u -> 

x(K' k - "3g ))(p+q)IL +ILF2 (k )(g 8/L-g 81l)k
11
)(u

71
(q)}u 

rAe F 1 (0) = F 2 (0) = F 3 (0) = 1 , a m , Ze , IL 11 Q - Mace a, aap~A, 
MarHI1THbiH A11nOilbHbiH 11 3JleKTPI14eCKI1H KBaApynOilbHbiH MOMeHTbl 
4aCTH4bl CO Cni1HOM 1 141 ,u71(ii) H ue<p), e,7]=-1,0,1,- 4-
BeKTOpbl nOil~PH3a4HH Ha4ailbHOrO H KOHe4HOrO COCTO~HI1H. 

B KOHKpeTHbiX pac4eTax YA06Ho Hcnonb3oaaTb Bblpa>KeHI1e /101 
Ail~ T B , B KOTOPOM YCTpaHeHbl Ili-1WHI1e CTeneHI1 CB060Abl, C y4eTOM 
YCilOBI-1~ nonepe4HOCTI1 Bblpa>KeHHe Ail~ BeKTOpa non~pH3a41-111 U 11 (Q) 
4aCTI14bl ~0 CnH~OM 1 4epe3 TOT >Ke BeKTOp B CHCTeMe nOKO~ 4ac-
TI14bl U 11 (0) = (0, f 7J ) 11MeeT B11A: 

(u
71
(0)) 0 = ~ (q.f

71
): u

71
(0)= -;

71
+ <~·5 )' q; qo=vm2+q2, 

rAe ;., - co6cTBeHHble 3-aeKTOP.bl 3-i1 npoeK4HI-1 onepaTopa cnHHa 

*npHHHMa~ so BHI1MaHI1e, 4TO aHoManbHO 6onbwa~ nonpaaKa cne­

AYIOLqero nop~AKa Ha non~p1-13a41110 aaKyyMa y>Ke H3BeCTHa 151. 
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B CI-ICTeMe nOKOfl: S~1)£.,=TlfTl; (8~ 1 ) )jk=-ifijk , i,j,k=1,2,3.AHa110ri-14HO 

I 0 
B npeACTaB11eHI-11-1 Y -MaTpl-11..1 C JQ = ( ) n0110lKI-1Te11bH0-3HepreTI-1-

-+0-l 10/ 
4eCKI-Ii1 A1-1PaKOBCKI-Ii1 cni-IHOP u 

11 
( q) !-!MeeT BI-IA /I= ( 

0 1 
) 

( v~e., ) 
u.,(q)= ·' (i:ici) , qo=Vq2+m2, 

v q 0-m ~e., 
q 

rAe a - MaTPI-Il.lbl nay111-1, a -+ e 11 - C06CTBeHHble 2-cni-IHOpbl TpeTbei1 
npoeKI..II-11-1 onepaTopa cni-!Ha S(1 12): s<~~ e( = (e(, (=± ~, g(112)= i- a 

6 BblpameHI-IfiX AJlfl MaTpi-14HbiX 311eMeHTOB onepaTOPOB TOKa B paM­
KaX A~X- 1-1111-1 TpexMepHoro ~OpMa111-13Ma, He06XOAI-1MbiX A11fl nOCTpoe-
HI-Ifl T • s npi-IHfiTOM npl-16111-!meHI-1~ O(a 2) AOCTaT04HO coxpaHI-!Tb 
111-!Wb CTeneHI-1 I-1Mny11bCOB He BbiWe BTOpO.:\ /4TO BI-IAHO npl-1 nepeXOAe 
K Me30aTOMHbiM eAl1HI-11..1aM e(a)=1i(a)=1 no ~OpMy11aM p.=aEp.(a) , 
b 2= a2E2b(a)2 1-1 T ·A· (a=477 e 2) . 3TO npi-IBOAI-IT cooieeTCTB

1
eHHO K: 

-+ 2 . 
<p~IJ 0 I<i11 > = e~ (2E'F1 - JL(F +2F )+L(F +2F ) (pxq).S)e 

~ 4m 1 2 m 1 2 11 • 

< p~l Jl ii11 > = e((-F1(p+q)+2i(p-q).S(F1 +F2 ))e
11 

AJlfl 4aCTI-11..1 CO Cni-IHOM 1/2 1-1111-1 K: 

< p~l J 0 l<i11 > = £'( (2E'. F1 ):11
+ ~ (F2 -F

1
)(2(7(p)(£

11 
q)-

~ -. ..... ..... -+ _,. ..... -+ ..... -+ ..... k 2 ..... •, 
-(le-p)(l.,p)-(flq)({q))+ ~F3 ((flk)(f.,k)-a-(1(f., )). 

-+~1-+1-+ c-+-+)F c-+ -+) c-+ -+ ,..) -+ c-+-+ < P s J q 11 > = p + q 
1 

l ~ l + F l ( l i k - l * l k )) 
., ., 2 ., ., ~ ., , 

k=p-q, E'=VP 2+m 2 

AJlfl 4aCTI-11..1 CO Cni-IHOM 1. 
Aa11ee, c11eAYfl on1-1caHHOi1 e §2 npo1..1eAype 1-1 He Bblni-!CbiBafl 

npOMemyT04HbiX pe3y11bTaTOB l-13-3a HeAOCTaTKa MeCTa, yKameM 111-!Wb, 
4TO B COr11aCI-11-1 c i 2/ HeOAH03Ha4HOCTb npl-1 nocTpOeHI-11-1 4-eeKTOpHO­
ro KBa31-1nOTeHI..II-Ia11a CHfiTa Ha110meHI-IeM yC110BI-Ii1 

4rr Z 1Z 2a 
v 0 (£. q ; w) ~ 1 ~ 2., {I 2 = k 2 F (1) ( -k 2) F ?)(-k 2 ) 8 ~ 111 18 ~ 211 2 1 

V(p,q; w) = 4rr z 1z 2a@+ti) F ?>c-12) F(2)(-1t2)o 8 • 
~~2.,1.,2 (p+q)2 ~1.,1 ~212 

6 

• 

no11y4eHHOe B §2 ypaBHeHI-!e Tl-lna /8/ YA06HO npeo6pa3oeaTb B ypae­
HeHI-11-1 A11fl B011HOBOi1 ~YHKI..II-11-1 

-+ 82 82 -+ -+ -+ 
'I' ( q • w) = I. I. u ~ (0) u ~ (0) <I> ~ ~ ( q • w). 

Tl1Tl2 ~.=-s 1 ~2~s2 1 "'2 "'1"'2Tlf12 
/11/ 

nepeA TeM KaK Bblni-ICaTb 3TO ypaBHeHI-Ie B KOOPAI-IHaTHOM npeACTae-
11eHI-11-1, Heo6XOAI-IMO BBeCTI-1 C11eAY~I-Ie 0603Ha4eHI-Ifl: 

( I · 3. ikr (1) -+ 2 (2) -+ 2 4rr - ( ) 1 ( , ) f iJ. r ) = r _Jl_JL
3 

e F. ( -k ) F . ( -k ) -- , f. . r = - 3 f 
1 
.. - rf.. ; 

(2rr) I J k 2 IJ ( J IJ 

/12/ 

fij (r) = r13 (fij -rfij + r32 fij ) • f .. (r) =- !l.L + 4rr r .. (0)8 <3> (r\ 
IJ r IJ 

-+ . -+ -+ -+ a cr s i )(r s. ) -+ -+ 
a TaKme L=-H X v1 1-1 (S . TS.)= J -(SiSj ). 

1 J t 2 

TorAa npl-16111-!meHHoe /c T04HOCTb~ AO 411eHos 0~ 2 ) BKJ1~41-1Te11b­
HO/ KBa31-1nOTeHI..II-Ia11bHOe ypasHeHI-Ie AJlfl ABYX HeTOmAeCTBeHHbiX 4ac­
TI-11..1 CO Cni-!HaMI-1 S 1,2 $ 1 C 311eKTpOMarHI-ITHbiM B3aHMOAei1CTBI-!eM !-!Me­
eT BI-IA: 

2 
!(-_!_~-+-~+ Z 1Z2a )+ z 1z 2a (f _ 1)- ....!__( Z 1Z2af11 )2 

2E r 2E r r 11 2m • 113/1,2,3/ 

z 1z2 a[~ 28 1 m2 ~ 1 ~ 
----- fu+ -2 1·-(f1fu+-(Jl.,-o1)r21)+ 

4m
1
m

2 
8 1+ m 1 81 

282 
+ 28 2+1 

~ ~ 112-02 ~ 
(f2f11 + --- f 12)] 

m 2 82 

z1z2 a [( m 2 - m 
28

1
m

1
m

2 
11 1-o1)(1 +~)f21 + (f1 8 1 m

2
/ 01)fuj(L.s 1) 

Z 1Z 2a m 1 m1 - -+ -+ 

2 
[(p.2- 02)(1+-)f12+(f282-+o1)f11] (L.S2) 

82m1m2 m2 m2 

/13.4/ 

/13.5/ 

8:81

2~
2

1: 2[! <11 111 2!2:t 8111 /r12-r22)+ 82P.1<r21-!22)+ 8 18 2 • 

= = = = .......... 1,... ,.. 
• (f11-f12-f21+f22))(S1TS2)+6(p.1p.2f22+ 011L2(f12-f22) + 

.... .... .... ..... .... ,... ..... ..... z z 
+&z!.t1(f2lf22)+o1o2(f11-f12-f21+f22))(S1.s2)l-(o1-1) ;m~ax 

1 

7 



- - -2 =a ~ ~ 
(f11-p1f21+ (m1Ql +Pt- 1H31)(81 TS1 )- (82-1) 

2 = . ~ 
+ (m ;p 2+ p 2 - 1)f 13)(S 2 TS 2) 1'1'., n ( r; w )=0, 

. 1 2 

r.qe 

Z1Z2a = "' 
?.;;:"2" (f1 CIL2 r12+ 

2 

0, 
8 i = { 1, 

s i = 1 

s 1 =l/2 
f i = { 

-1, si = 1 -1 1 ' m = m -1 -1 
, s

1 
= 1/2 1 + m 2 , 

B cny4ae TO*AeCTBeHH~x 4aCTH~ npH e~ao.qe ypaeHeHH~ /13/ cne­
.qyeT Y4HT~8aTb e~qe BI<Jla.q B aMMHTYAY pacce~HH~ 06MeHHOH .qHar­
paMM~, a TaK*e MHO*HTeflb K=l/2 B /1/, 4TO npHBOAHT K HeKOTO­
poMy H3MeHeHHIO onpe.qeneHHH /4/, /7/. He a.qaea~cb a .qeTanH, oT­
MeTHM, 4TO Afl~ /aHTH/ CHMMeTpH30BaHHOH B COOTBeTCTBHH CO cnH­
HOM 4aCTH~ BOflHOBOH ~YHK~HH /11/ ypaaHeHHe /13/ COXpaH~eT 
BHA 6e3 H3MeHeHHH. 

Ecm1 paccMaTpHBaTb ypaeHeHHe /13/ KaK npH6nH*eHHo-pen~TH­
BHCTCKoe o6o6~eHHe ypaeHeHH~ llipe.qHHrepa C KYflOHOBCKHM nOTeH­
~HaflOM 

1 Z1Z2a ~ · 
(- -2 6. ~ + - EN ) tfr(r) = 0 m r r R 

HHTepnpeTa~H~ OT.qeflbH~X 4fleHOB B 

2 1. 3aMeHa K03«1><!>H~HeHTa l/2m 
b (w)/2E y4HT~eaeT 3cl><l>eKT ·oT.qa4H. 

/13/ 6y.qeT cne.qy~e~: 
~PH 6.7Ha V2E H ~R Ha 

2. 4neH /13.2/ OnHC~BaeT HCKa*eHHe KYflOHOBCKOrO nOTeH~Hana 
3a C4eT KOHe4H~X 3neKTpOMarHHTH~X pa3Mepoe 4aCTH~; 3«1><!leKT KO­
He4H~X pa3Mepoa y4HT~BaeTC~ H B OCTanbH~X 4J1eHaX KBa3HnOTeH­
~Hana_ 3aMeHOH p6~4H~X ~aKTOPOB 1/r 3 H 4178(3){t) Ha f. .(r) 
HnH fiJ ( r) H f ij ( r) cool- aeTcT aeHHO. lJ 

3. 4neH /13.3/, He HMel()tqHH Hepen~THBHCTCKOrO aHanora, B03HH­
KaeT npH KBa.qpHpOBaHHH 4-BeKTOPHOrO KBa3HnOTeH~Hana; ero BI<Jla.q 
ecer.qa OTPH~aTeneH. 

4. 4neH~ /13.4/ onHc~eaiOT 11 KOHTaKTHoe11 B3aHMo.qel1cTaHe .qeyx 
4aCTH~ H .qaiOT 3aMeTH~H CABHr flHWb s-ypOBHeH. 

5. 4neH~ /13.5/ COOTBeTCTBYIOT o6~qenpHH~T~M cnHH-OpfiHTanb­
HOMy, cnHH-cnHHOBOMy H T~H30PHOMy e3aHMO.qel1cTBH~M. An~ 4acTH~ 
CO CnHHOM 1 B03HHKaeT HOBa~ CTPYKTypa - CaMo.qeHCTBHe cnHHa, 
nponop~HoHanbHOe Kea.qpynonbHOMY 3neKTPH4eCKOMY MOMeHTy. CnHH­
cnHHOB~H 4fleH O~H4aeTC~ OT B~pa*eHH~ B ~pMyne ~epMH npHCyT-
CTBHeM ~yHK~HH ~2 H T • .q.; 4TO npHBOAHT K nonpaBKe 1-2%. 
_ B ~e_noM CIJ..e.qyeT e~e OTMeTHTb, 4TO 6naro.qap~ ~YHK~H~M f lj , 

f ij , fij H f i · B cny4ae AOCTaT04HO 6~CTporo y6~BaHH~ ~pM-
~aKTOpOB F i (-~ 2) npH k 2-. oo KBa3HnOTeH~Han U /13/ He HMeeT CHH-
ryn~pHOCTeH (U={ . .. J+112E6. .... +b 2/2E). 

r 

I 

4. nonPABKH K YPOBHIO 3HEPfHH OCHOBHOfO COCTO.s!HHR 
ME30ATOMOB PJL-, dp- ~ tp-

Kea3HnoT-eH~Han TJ a ypaeHeHHH /13/ co.qep*HT ~yHK~IilH f .. (r) , 
- = A lJ 
f iJ' (f) , f .. (r) H f .. ( r), KOTOpble B~pa*aiOTC~ 4epe3 ~p~aKTOp~ 

lJ IJ 

4aCTH~ no ~pMynaM /12/ .Afl~ nOCTpOeHH~ fij H T • .q. B ~BHOM 
BHAe 6~na nony4eHa aHanHTH4eCKaR annpoKCHMa~HR AflR ~p~aKTO­
poe RAep B HMnynbCHOM npOCTpaHCTBe ~yHK~HRMH THna 

Nk n 
ap -+ 2 n ~ 2 n 2.. f k 

F k ( -k ) = n:l c k I (1 + k I (A k ) J , k = 1 , ... , 2 s + 1 , /14/ 

on -
L k - ~enoe, s- cnHH RAPa; p -Me30H paccMaTpHaancR KaK 

6eccTpyKTypHa~ 4aCTH~a C MarHHTH~M MOMeHTOM 1 ,0Q12(e'fl/2mpc). 
AnnpoKCHMa~HR /14/ RBnReTcR o6o6~eHHeM xopowo H3BecTHOH 

A~monbHOH annpoKCHMa~i-iH ~OPM<!>aKTopoe npoToHa Iii o6naAaeT TeM 
npeHMy~eCTBOM, 4TO $ypbe-npeo6pa30BaHHe /12/ MO*HO npOAenaTb 
B RBHOM BHAe, a $ypbe-o6pa3 'RBflReTCR rnaAKOH KOM6HHa~HeH 3Kcno­
HeH~HaflbHOH H pa~HOHanbH~X <l>YHK~HH /eM. npHflO*eHHe/. AaHHble 
0 $OfeM$aKTOpax npOTOHa, AeHTpOHa H TPHTOHa 6panHCb H3 pa-
6oT 6 •7 ,S / ; 4HCneHHble 3Ha4eHJo1R napaMeTpOB c r , A~ , f~ H Nk. 

nony4eHH~e MeTOAOM AneKCaHAPOBa 191, npHBeAeHbl B mg6.fl.l, 
TaKHM o6pa3oM, nocTpoeHJo1eM <l>YHK~Hiif f ij , ftj , (j ..., fij KBa3Jo1-

noTeH~Han U a /13/ nonHOCTbiO onpeAene~. CneKTP ypaeHeHJo1'R /13/ 
now c T04HOCTbiO -10-3 3B nerKo nony4HTb, paccMaTplo1eaR 4neHbl 
/13.2-5/ KaK B03My~eHJo1e K ypaBHeHHIO 

(--1-6.~ Z1Z2a 
2E r + 

b2 2E) tjJ Cf, W)=O 

4HCfleHHble pe3yflbTaT~ AflR nonpaBOK K ypOBHIO 3HeprHH OCHOB­
HOrO COCTORHHR #J. -Me30aTOMOB pp.- , dp.- H tp -,ofiycnoeneHHble 
3Tio1Mio1 4fleHaMJo1*, a TaK*e HeflHHeHHOH 3aalo1Cio1MOCTbiO cneKTpaflbHOrO 
napaMeTpa b2(w )/ 2 E ypaaHeHHR I 13/ OT 3HeprHJo1 w, npHaeAeHbl 
a Tra6.1l.2; a COOTaeTCTaHH C 3aMe4aHHeM a KOH~e §3 OHH 0603Ha4e­
H~ KaK L\f rec , 6.£ tsz , 6.£ SQ , L\cCONT H 6.£ hfs • B C04eTaHJo1H 
c pe3ynbTaTaMH pa6oTbl / 5 / o nonpaaKax Ha nonRpH3a~HIO aaKyyMa 
npHBeAeH~ H 3Ha4eHJo1~ nonHOH 3HeprHH CaR3H 1L -Me30aTOMOB 
C y4eTOM acex KOppeK~Jo1H K 3aKOHY KynoHa, AaiOtqHe aKJ1aA a 3Hep­
rHIO a npeAenax T04HOCTH -10-3 36. 

*nony4eHH~e a nepaOM nopRAKe TeOpHH a03My~eHHR. 
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