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HryeH CyaH Xaa 

8hiCOK03Hepi'eTH'leCKOe paCCeSIHHe CKangpHOJi 'laCTHUbl 

B I'paBHTaUHOHHOM none 

P2 - 8570 

B pa6oTe aalineHhi aaMKHyTbie Bhipa*eHHSI nng ljlyHKUHH fpHHa 

H aMnnHTYllhl paCCeSIHHSI CKangpHOH 'laCTHUbl BO BHeWHeM I'paBHTaUHOHHOM 

none g ( K) B BHlle ljlyHKUHOHanbHhiX HHTei'panos. noKa3aHO, 'ITO TeH30pHbiH 

xapaKTC~ I'paBHTaUHOHHOI'O nonS! npHBOllHT K 6onee 6biCTPOMY pOCTY Ce'leHHSI 

C 9Hepi'HeH, no CpaBHeHHID C pacCeSIHHeM Ha BeKTOpHOM noTeHUHane. 

nony'leHbl llHCKpeTHbie 9Hepi'eTH'leCKHe ypOBHH 'laCTHUbl B HbiDTOHOBCKOM 

noTeHUHane. 

flpenpHHT 06be.l{HHeHH0£'0 HHCTHTyTa H,!l,epHbiX HCCJie,!I,OBaHHit 

,ll,y6Ha 1975 
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High-Energy Scalar Particle Scattering 
· in Gravitational Field 

Closed expressions for the Green function and for the 
amplitude of the scalar particle scattering in the externa 
gravitational field g~v(K)are found in the form of functio 
nal integrals. It is shown that, as compared with the scat 
tering on vector potential, the tensor character of the 
gravitational field leads to a more rapid increase of the 
cross section with increasing energy. Discrete energy le·
vels of particles are obtained in the Newton potential. 
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BeeoeHue 

B pa6oTe/I/ 6bln npe,ZJ,no:>KeH cnoco6 .PopManLHoro pewe
HHJI ypaBHeHHJI ,ZJ,nJI lilYHKUHH rpaHa qacTHUbl BO BHelliHeM 
none C nOMOID;biO cPYHKUHOHanLHOrO HHTerpana. 

TaKoe npe,ZJ,cTaaneHae rpHHOBCKHX cPYHKUHH OKa3anocb 
none3HbiM npH HCCne,ZJ,OBaHHH B3aHMO,ZJ,eHCTBHH 3neMeHTapHbiX 
'laCTHU B HH!llpaKpaCHOH o6naCTH /2/ H B o6nacTH BbiCOKHX 
3Heprau /3.4/ . 

B uacTOJIID;eu pa6oTe ,ZJ,enaeTCJI nonbiTKa pacnpocTpaHHTb 
3TOT nO,ZJ,XO,ZI, Ha HenHHeHHOe B3aHMO,ZJ,eHCTBHe C npOH3BO,ZJ,
HbiMH. PaccMaTpaaaeTcJI CKanJipHoe none 1' (x) , B3aHMo
,ZJ,eHCTBYJOID;ee C rpaBHTaD;HOHHbiM non eM g/1 11 (X) . flonyqeHO 
3aMKHYTOe Bblpa:>KeHHe ,ZJ,nH !l~YHKUHH rpaua CKanJipHOH qac
THD;bl BO BHelliHeM none gIll/ (X) B BH,ZJ,e lilYHKD;HOHanbHOrO 
HHTerpana. B oTnaqae oT pa6oTbl /5/,r,ZJ,e paccMaTpaaanacb 
TaKaJI :>Ke 3a,ZJ,a'la, B HallleM no,ZJ,XO,ZJ,e JIBHO Y'ITeHO ,ZJ,OnOnHH
TenLHOe ycnoaae ua none g11v (x) /ycnoaae rapMoHH'IHOCTH/. 
rpaHOBCKaJI cPYHKUHJI CKanJipHOH 'laCTHUbl B none g (X) , 
npe,ZI,CTaBneHHaJI B BH,ZJ,e lilYHKUHOHanbHOro HHTerpa/tl. HC
nonb3yeTCJI ,ZJ,anee npa nocTpoeuaa aMnnHTY,ZJ,bi pacceJIHHJI. 
B BbiCOK03HepreTH'leCKOH o6nacTH nonyqeua 3HKoHanLHaJI 
!llopMyna ,ZJ,nJI aMnnHTY,ZJ,bi pacceJIHHJI cKanJipHou qacTHUbl Ha 
TeH30pHOM noTeHn;Hane. B Ka'leCTBe npaMepa paccMOTpeH 
noTeuuaan HbJOTOHa. lloKa3aHo, 'ITO TeH30PHbiH xapaKTep 
rpaaaTan;aoHHoro nonB npHBO,ZJ,HT K 6onee 6blcTpoMy pocTy 
Ce'leHHJI no cpaBHeHHIO C BbiCOK03HepreTH'leCKHM pacceJIHHeM 
Ha BeKTOpHOM noTeHD;Hane. KpoMe 3TOrO B pa6oTe nonyqeHbl 
,ZJ,HCKpeTHble 3HepreTH'leCKHe ypoaHH qacTHUbl B HbiOTOHoa
CKOM noTeHD;Hane. 
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§1. <l>yHKl#UJI FpuHa CKaA.RpHou tlacmut~bJ 
eo eHewHeM zpaeumat~UOHHOM noAe 

JlarpaH>KHaH CKaJIJipHOrO nO JIB rp (X) BO BHeurneM rpaBH
TaUHOHHOM none g (x) HMeeT BH~ 

J1V 

5::(x) =/=-g -[ gf.lV(x) a 0(x)a 0(x) -m2 0 2 (x)] , /1/ 2 J1 v . 

r~e 

g = det gf.lv(x) ~ det y-=.g gf.lV(x). 

BapLuposaHue 3Toro narpaH)I(HaHa npuso~T K cne~yiDIIJ;eMy 
ypasueHHIO ua none ,p ( x) : 

[ _ g f.1V ( x) a a _ v -=g m 2- a g-P' · ( x) a ] ,p ( x) = o , 
1 2

; 
f1 v J1 v 

gf.lV ( x) = V -:-g gf.lv ( x) . 

YpasHeHue /2/ y~o6Ho paccMaTpHBaTb B rapMOHH'IecKHx 
Koop~HHaTax, onpe~enJieMLIX ycnosueM 

a gf.lV(X) =0. 
J1 /3/ 

rapMOHH'IeCKaJI KaJIH6pOBKa /3/, JIBJIJIIOIIJ;aJICJI aHanoroM 
JIOpeHIJ;eBOH KaJIH6pOBKH B 3JieKTpO~HHaMHKe, npHBO~HT K 
HCKJIIO'IeHHIO He$H3H'IeCKHX KOMnOHeHT TeH30pHoro nOJIJI / 6/. 

Ypasueuue /2/ c y'leTOM ycnoBHB /3/ npHHHMaeT BH~: 

[ g J1 v ( X) i a i a - V- g m ] 0 ( X) = 0 . 
. J1 v . 

)];JIB IPYHKUHH rpuHa CKaJIJipHOH qacTHUhl BO BHenrneM rpasu
TaUHOHHOM none HMeeM CJie~yroiiJ;ee ypaBHeHHe: 

- o o - 2 JlV (4) 
[gf.lv(x)taf.l 1av -y-g m ] G(x,y !g ) =-o · (x-y). 

/4/ 

YpasHeuue /4/ MO>KHo 3anucaTL B onepaTopuoB: $opMe, 
eCJIH HCnOJib30BaTb npe~JIO>KeHHOe cl>OKOM /7/ H cJ>eHHMa-

4 

• 

HOM /8/ npe~cTasneuue o6paTHoro onepaTopa 

[ g J1 v (X) i a J1 i av -y-=g m 2 ]-I 

B BH~e 3KCnOHeHTLI: 

G(x,y!g 
oo r 

11 v ) = i J d r exp l - i m 
2 J y- g ( x, ~) d f + 

0 0 

r 
+iJgf.lV(x,f)ia (,;)ia C01o(4 l(x-y)· 

0 J1 v 

/5/ 

B TaKOH 3anHCH 3KCnOHeHTa, B noKa3aTeJie KOTOpOH CTOJIT 
HeKOMMYTHpylOIIJ;He BeJIH'IHHhl a J1 , g J1 v (X) H g (X) , pac
cMaTpusaeTcB KaK T,; 3KcnoHeHTa, npH 3TOM nepeMeHHaJI 
f urpaeT ponL ynopB~O'IHBalOIIJ;ero HH~eKca. 

fioKa3aTeJib 3KCllOHeHTbl B $opMyJie /5/ KBa~paTH'IeH 
n.o onepaTopy ~H$$epeHUHPOBaHHJI af.l .ll03TOMY nepeHTH OT 
T - 3KcnoueHTLI K o6LI'IHOMY onepaTopuoMy BLipa)l(eHHIO 
/"pacnyTaTL" onepaTOpbi no TepMHHOJIOrHH cl>eHHMaHa/ 6e3 
pa3JIO>KeHHB B pB~ HeJIL3B. O~HaKo MO>KHo noHH3HTL cTeneHL 
onepaTopa a /l B $OpMyJie /5/, eCJIH HCllOJib30BaTb CJie~ylO
IIJ;ee $opMaJibHoe npeo6pa 30BaHHe I I/ : 

r 
exp I i J df gf.lv (x,f) ir!Jl (() iav (f) 

0 

r 
= c J n d4 

f/ ( 11) exp I i J df [ gl1 v (X'() l- 1v (f) v (,;) -
V ' J1 11 

T/ 0 

r 
-2 i J d,; ~,tl c f) a c,; ) 1. 

0 J1 

/6/ 

cl>yHKUHOHaJibHhiH HHTerpaJI B npaBOH 'laCTH $opMyJihl /6/ 
6epeTCB B npocTpaHCTBe 4- x IPYHKUHH I/Jl (f) o KoHcTaHTa 
C v onpe~enBeTcJI H3 ycnosuJI 

Cv fo4!JJ1 exp 1-i jdf[ gf.l'J(x,,;)l-I 

OTKy~a CJie~yeT, 'ITO 

vf.l(f)vv (,;)I= 1, 

r -I 
C !I= [ J o 4 !JJ.l exp 1-iJdf [ gf.lv (x,f)] VJl (f) vv ( f )I] -I= 

= (det[gv(x,()])-\~ 
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flocne no~cTaHOBKH 161 B 151 MO)KHO "pacnyTaTh" onepaTop 

r 
exp { -2 f d ~ v /1 ( ~ d ( 0 l H nonyqHTh peweaae ypaBHeHHJI 

0 11 

I 41 B BH~e cilYHKu;aoaanhHoro HHTerpana 

00 0 2 
G ( jLV 0 -Im r r ---

C f o 4 
v exp I - i m 

2 
f[ v - g ( xc) -x,y!g ) =lfdre 

0 v 0 s 

r - -I (4) r 
-1]d~ -i fd~[gllv(x~)] v11 (~)vv(~)lo (x-y-2fy(7J)dry), 

0 0 

/71 
r~e 

r 
X~ =X -2 fv(7J)d7J 

cllypbe- o6pa 3 cilYH~UHH G ( x , y J g 11 11
) npHHBMaeT BH~: 

G (p,q lg!ILV) =fdx dye ipx- iqy G (x,yJg /LV)= 

00 i(p2 -m2)r i(p-q)y 4 r - .. -
"" i f d r e f d y e C f o v exp l -im2 f y -g (y .c)-1] d~ 

0 v 0 s 

-if [giLV(y~)]-l [v(~)+p] 11 [v(0+p]vl 0 

~ 
Y~ =y +2f[v(7J)+p]d7J 

0 

/8/ 

cllopMyna 181 JIBnJieTCJI JaMKHYThiM Bblpa)KeHHeM ~nJI clJyHK
D;HH rpaHa CKanJipHOB qaCTHD;LI BO BHeWHeM rpaBHTaD;HOHHOM 
none. 

,D;anee 6y~eM paccMaTpHBaTh rpaaaTau;aoaaoe none B 
nHHeBHOM npa6nB)KeHHH, T. e. nonO)KHM g v ( X)= 7J v + h Jx) , 
r~e 7J 11 v MeTpaqecKaii TeH3op MHHKoactoro c ~/tarolanbro 

6 

" 

( 1,-1 ,-1,-1)llepenaweM clJopMyny 181 B nepeMeHHLIX h
11

v(x) 
npeae6peraJI cTeneHJIMH h (x) BLIWe nepaoii * 

00 

G(p,q!h ILV) =ifdr 
0 

e 

jLV 

2 2 
i(p -m )r fdyei(p-q)y 

4 
r r 191 

f 0 v exp l-i f v (~) vll (~)d~ +.i f m (y£")d~ l , 
0 11 0 s 

r~e 

2 
"" m v /LV Jli(yc)=l-h (yc)+[v(t)+p] [v(0+P] h (yc)l. 1101 

s 2 v s ~ 11 v s 

«<lOpMynLI l9j-l10l JIBnJIIOTCJI KOMnaKTHOB JanHChiO CYMMLI 
~aarpaMM, npe~cTaaneHHLIX Ha puc. 1. 

§2. 3iiKoHaA&Hoe npeOc111aeAeHue OAJI aMnAu111yO&r 

pacceAHUJI CKQAJIPHOU 'IQC111Uflbl HQ 111eH30pHOM 

no111eH11UaAe 

B 3TOM naparpaclJe paccMoTpHM pacceJIHHe CKanJipHoii 
qacTHULI Ha BHeWHeM noTeHu;aane h

11
v (x). HcnonhJYJI Bhl

pa)KeHae 191, Haii~eM aMnnHTY~Y pacceJIHBJI F (p,q 1 h 11 V) 
I p a q HMnynbcLI qacTBUhl ~o a nocne pacceJIHHJII no 

clJopMyne 
0 

*JiarpaH)KBaH /1/ B naaeiiHOM no hgv(x) npa6nH)KeHHH 
npHHHMaeT BH~ .£ (x) =£o(x)-"-.£o (x) r~e 0 Int • 

.£o(x) =; [ a11 rj; (x) all rj; (x) -m
2 

rj; 
2
(x)], 

.£ (x) 
int 

_ _!_ hllv(x) T (x), 
2 11 v 

T (x) =a rf;(x)a rj;(x)-...!. 77 [allrj;(x).a rj;(x)-m2 rj; 2 (x)] 
jLV /1 V 2 jLV /1 

- TeHJop Jaepraa-aMnynhca CKanJipHoro nonJI. 
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F (p,q i hflv) = lim ( p 2-m 2) ( q 2-m2 )G ( p,q J hflV ) . /11/ 
p2, q2-. m 2 

HcnoJIL3YJI TO*.D.eCTBo e a -1 
I A 

a f dA e a , BbJqTeM H3 
0 

G ( P, q ! h 11 '') cBo6o.IJ.HYJO lilYHKUHIO rpHHa G
0
(p,q) i 2__n) 

4'5 4 ) <.£:::::.9), 
p2 _ m2 

KOTOpaJI He ,IJ,aeT BKJia,IJ,a B aMllJIHTY.IJ.Y pacceJIHHJI /11/. 
B peJyJILTaTe nonyqHM 

00 2 2 
F( lh f.lV) 1. ( 2 2)( 2 2),-Jd i Ty.d i(p -m )r p,q =lm p-m q-m 1 ye j re 

2 2 2 0 p ,q ->m 

'' r r I T fa v expl-i fv (f) v fl(()d,; If dry m (y ) fdA e iA Jm ( Y,; )d.; 
ofl o 77 o o ' 

/12/ 
r,IJ,e T = p-q . 
IlpOH3BO,IJ,JI B /12/ 3aMeHy nepeMeHHbiX, 

1] 

y=y'-2pry -2fv(ry')dry', 
0 

v <O = v '(,;) -Cp-q) ec ry-,;), 

eco = 1 1 
• .; > 0 

0 ' .;< 0 

H HCllOJih3YJI COOTHOWeHHe / 9/ 

• • 
00 i aT -<; T 

hm 1a Jdr e f(r)=f(oo), 
a,<;-. 0 0 

/13/ 

/14/ 

IIepeH,IJ,eM B 4JopMyJie /12/ Ha MaCCOBYJOllOBepXHOCTb. 0KOH

qaTeJILHO aMllJIHTy,IJ,a pacceJIHHJI npHHHMaeT BH,IJ,: 

00 

F(p,qJ hf.lV) =JdyeiTy Jo4v exp 1-i Jv
11

(,;) vfl(,;)d,; I· 

I oo -oo /15/ 
. m ( y I 0 ) J d A exp I i A J d.; m ( y I .; ) I ' 

0 -oo 

9 . 



r.D;e 

2 e 
merle) =I~ h~[y+2pecoe+2qeC-e)e+2fv(77)d77J+ 

0 

fl.V 
+[v(e) +pe(e) +qe(-0]/l[v(O+pe(e) +qOC-OJvh (y+ 

e 
+2pe(O +2qeC-e)(+2 JvC77)d77 

0 /16/ 

~n~ OUeHKH ~YHKUHOHanLH~X HHTerpanoB B ~OpMyne /15/ 
npHMeHHM npH6nHlKeHHe np~MOnHHeHH~X nyTeH /3,4, 10/ , 

T.e. npe.D;nonOlKHM, 'ITO DpH pacce~HHH B~COK03HepreTH'IeC

KOH 'laCTHU~ Ha r na.D;KOM noTeHnuane h 11 v ( y) I 16/ MOlKHO 

npeHe6pe'IL JaBHCHMOCTLIO OT ~YHKUHOHanLHOH nepeMeHHOH 

v ( 7l) .ZJ.pyrHMH cnoBaMH, C'IHTaeTC~, 'ITO OCHOBHOH BKna.D; 

B ~YHKUHOHanLH~H HHTerpan B /15/ ,D;aeT TpaeKTOpH~ CB0-

60.D;HO .D;BHlKYIUeHC~ 'laCTHU~ C HMDynLCOM p npH e> 0 H 

q DpH e<O, npoXO.D;~IUaJI 'lepe3 TO'IKY y npH e = 0. 
~nJI npOCTOT~ paCCMOTpHM cnyqaii, KOr.D;a DOTeHUHan OT 

apeMeHH He 3aBHCHT: hfl.V( y) = hfl.V (r, t) = hfl.V ( r) . Tor

,D;a .D;nJI aMnnHTy.D;~ pacceJIHHJI nony'IHM cne.D;yroiUee npe.D;

CTaBneHHe *': 

2 F(p,q)=2(2TT) o(p -q )f(p,q), 
0 0 

1 .T-> I -> 
f(p,q) =- fdre 1 

r m'(f'JO) fdA exp liAx (r) I 
4TT 0 

r.D;e 

-> 2 . 1 
m-er IO)=I~hvcn+-[p+q] [p+q] hfl.V(f) I, 

2 v 4 fl. v 

10 

* AMnnHTy.D;a f ( p,q ) HOpMHpOBaHa COOTHOWeHHJIMH: 

a =~ Im f(p,p), ~ = 1 f(p,q) 12. 
IPI dQ 

/17/ 

t 

l 
1 
I 

·I 

i 
,t 

-+ 100 2 -+A ...... 

X 0( r) = -- f d s l _!!!._ h v ( r + p e ( s) s + q e ( -s) s ) + 
2Jpl-oo ,2 V 

[pO(s) +qO(-s)] [pe(s) + qO(-s)] h/lv (i' +pO(s) s+qO(-s)s)!, 
fl. v 

-> 

t> = P_ 
I P I . 

/18/ 

B cnyqae cna6oro rpaBHTaUHOHHoro nonJI TeH30p h J1 v ( r) 
HMeeT BH.D; /II/: 

hoo(;) = 2¢ (~) 

haf\;) =2oa{3¢ (;), 

h 0 ac r') 00 h a 0 ( r') = 0 , 

/19/ 

(a,{3 = 1,2,3). 

Tak KaK paccMaTpHBaeTCJI B~COK03HepreTH'IecKoe pacceJI

HHe, TO nepB~M cnaraeM~M B ~OpMyne /18/ MOlKHO npe

He6pe'IL no cpaaHeHHJO co BTop~M. B peJynLTaTe HMeeM: 

f( 1 ->iT; 2 ->2 ->1 -> 
p,q)=- fdr e (p0 +p )¢(r)fdAexpliAx (r) l, /20/ 

2 TT 0 0 

r.D;e 

:-\ 1 00 2 ->2 -> A 

x 0 (rJ=--fds(p +P )¢(r+ps). /21/ 
IPI -oo 

HanpaBHM OCL Z B.D;OnL HMnynLCa p, a OCL x DOMeCTHM 

B nnOCKOCTH, Ja.D;aBaeMOH BeKTOpaMH ty H q . B 3TOH CHCTe

Me Koop.D;HHaT .D;nJI dial~ /21/ npu pacceJIHHH Ha Man~e yrnLI 

0 << 1 nony'IHM cne,D;yiOIUee B~palKeHHe: 

-> 22oo 0 

x 0 (p0 ,r) = _::.E..o_ lfds ¢(x,y,z+S) + fds ¢(x+s sine ,y,z + 
I P I o -oo 

z 

2p2 00 2p2 00 -> 

+ s cos e) I : - 0- f d s ¢ (X, y , z + s) = __ o_ f d z ¢ ( r) . 
IPzl -oo IPz I_.,., 

/22/ 

II 



Ilepe,naqa HMrrynLca rrpu MaJibiX yrnax pacceHHHH rro'ITH 
nepneH,IJ;HKYJIHpHji_.OCH Z, II03TOMY B WOpMyne /20/ MO:>KHO 
noJIO)f(HTb exp l iT r l = exp l i ( Tx x + T Y y ) l. HHTerpupyH B noB: 
WOpMyne DO dz H d,\, C yqeTOM /231; DOJly'IHM rnay6e
pOBCKOe npe,D;CTaBJleHHe ,IJ;J111 aMDJlHTY,IJ;bi 12

/ 

ilp 1 2-- ihT . 
f(p,q) =- ~- Id be 1 !exp[lx (p ,b)]-1!, /23/ 

2 TT 0 0 

.... .... 
r,ne b=(x,y,O),a 3BKOHaJ1bHaHWa3a x 0 (p 0 ,b) onpe,neJIHeTCH 
WOPMYJlOB /22/. 

PaccMOTPHM HbiDTOHOBCKHB DOTeHUHaJl, KaK npe,nen 

.... kMe-11 r kM 
IDKaBCKOrO DOTeHUHaJla DpH 11--> 0, ¢(r)=----1,,-o'"'--, r r- r 

r,ne k - rpaBHTaUHOHHaH DOCTOHHHaJl, k = 6.10-39 m 2p, M -
Macca, coJ,naroLQaJl noTeuuuan. B 3TOM cnyqae 3BKouam,.HaJl 
4la3a /22/ npHHHMaeT cne,nyiOLQHB BH,IJ;: 

X o< Po , b) 
2 . 2 2 

2 k p 
0 

M oo e -11 v b + z 

Idz ------ /24/ 
I Pz I v b2 

+ z 
2 

= - f3 K0 ( 111 b ) , 

2 ik b 
k M ~o~, a 

r .ne f3 = .2 rr I P z I 
1 2--> e 1 l 

K 0 ( 11 lb) =--I d k l ":}"--- - WYHK-
2rr kl +11 2 

UHJI KenbBHHa uyneBoro nop.ll,D;Ka. )J,n.11 aMDJIHTY,IJ;bi pacceHHHJl 
HMeeM cne,nyiDLQee Bblpa)f(eHHe: 

f(p,q),-
. -->-> 2 i k h 
!..l..P.J I d 2b e i bTl exp[ -i/3 I~~ _:_.J:__l.__] -ll./25/ 

2rr 2rr '"'k2 2 
L + 11 

Bbi'IHCJlHM HHTerpan /25/, coxpaHJIJl JlHWb 'IJleHbl, He HC'Ie
JaiDLQHe npu 

12 

t 

I 

I 
1 

! ,. 
I 
I 

11 .... 0 * 
/26/ 

f( p,q) k M P~ r o + if3) vT 
---- exp l-i/3 In ( ---) l, 
f'(l- i{J) 11c rrt 

.... 2 
r .ne t = -I Tl 1 , c - nocTOHHHaJI 3ii:nepa. Pacxo.nJIIUaHCH npu 

11 .... 0 4la3a B /26/ o6ycnoBneua, KaK xopowo HJBeCTHO, ,nanb
uo,neiicTBHeM HbiOTOHOBCKoro noTeuuuana /14/. CpaBueuue 
wopMynhl /26/ c pe3yJILTaTaMH pa6oTbl /10/,r,ne paccMaT
puBanocb pacCeHHHe CKaJIHpHOB qacTHUbl BeKTOpHbiM DOTeH-

2 2 
a rp k M 2 

uuanoM, noJBonHeT JaKJliO'IHTb, 'ITO --- ---
2
- Po 

aBeK e 

Ilonroca aMnnHTY,IJ;bl, onpe.uenHeMble tllopMynoii: /26/, .naroT 
,nucKpeTHble 3HepreTH'IeCKHe ypoBHH qacTHUbl B HbiOTOHoB
cKoM noTeuuuane 

k 2m2 M (m + M) 
. - 1 

n= 1, 2,3 ... E 
n 

8rr2 n2 

EcnH B wopMyne /27 I DOJlO:>KHTb m = M - m HYI\JICHa 
3HeprHJl OCHOBHOrO COCTOHHHH OI<a3blBaeTC11 paBHOB 

-70 
EI=9,4.10 3B. 

/27/ 

, TO 

B Jai<JliO'IeHHe aBTop 6naro,napHT li.M.liap6awoBa, 
B.H.IlepBywuua H B.B.HecTepeHI<o Ja nocTaHOBI<y Ja,naqu 
H DOJ1e3Hble 06Cy)f(,IJ;eHH11. 

* AuanorH'IHblB pe3ynLTaT 6bln nonyqeu B pa6oTe 113
/, 

DOCBHLQeHHOB CyMMHpOBaHHID ,IJ;HarpaMM <l>eBHMaHa B none BOB 
TeOpHH C o6MeHOM 6e3MaCCOBOB TeH30pHOB 'laCTHUeB. 
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