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§1. BBE,QEHHE 

1-iHTepee K RAePH~M peaK~HRM, B KOTOP~X aTOMH~M RAPaM nepeAa
eTeR HMnynbe /Q ~. 1 r3B/e/, 3Ha4HTenbHO npee~wa~~H~ ~epMHeB
CKH~ HMnynbC HyKnOHOB B RApe, o6ycnoeneH CTpeMneHHeM nOHRTb 
oeo6eHHOCTH RAePHO~ eTpyKTYPbl Ha Man~x MemHyKnOHH~X paCCTOR
HHRX H, B 4aCTHOCTH, npOaHanH3HPOBaTb B03MOmHOCTb npORBneHHR 
MHOrOKBapKOB~X CTeneHe~ eeo60A~ B RApax H RAePH~X npo~eccax. 

npHMepOM TaKHX peaK~H~ RBnReTCR rny60KOHeynpyroe pacceRHHe 
penRTHBHCTCKHX Ae~TpOHOB npOTOHaMH, B~nOnHeHHOe Ha CHHXPO~aao
TpOHe OHRH 11 ~ B 3THX peaK~HRX Ae~TPOH~ c HMnynbCOMPo=8,9 r3B/e 
paeceHBanHeb RAPaMH MHWeHH /BOAOPOA, yrnepOA ... / nOA yrnoM 
0 = 0,103 paA, TaK 4TO nepeAaHH~~ HMnynbe AOCTHran eenH4HH~ 
Q 2 =,1,6 /r3B/c/ 2• CneKTP~ Ae~TpoHoe HMe~T 4eTKO e~pameHH~~ 

nHK KBa3Hynpyroro paeCeRHHR C MaKCHMYMOM B T04Ke Q.QO' co
OTBeTCTBY~~e~ ynpyroMy dp -paCCeRHH~. o~no 06HapymeHO, 4TO 
C pOCTOM Q2 Ce4eHHe 6~CTpo y6~eaeT, OAHaKO, Ha4HHaR C Q 2 ~, 
~1 /r3B/c/~ y6~BaHHe npeKpa~aeTCR, H eneKTp~ B~XOART Ha nnaTO. 
6onee AeTanbHOe H3y4eHHe cneKTPOB e o6nacTH nnaTo noKaaano 

~ ~ ~ 

MCJIVI'1VIC tl MVIJ\ UIIJ .. n::;~t;JU::::nnun \...I)J.)'I'\I.)'~DI, 1\.0jJOI'\IC)JMVVI 1-!iJI.M 1-JCOI\.L\YlVI 

eoa6ymAeHHR HyKnOHH~x peaoHaHcoe 12< TaKHM o6paaoM, H3 3KcnepH
MeHTa BHAHO, 4TO 11 pblxnaR 11 RAepHaR eHeTeMa - Ae~TPOH e AOBOnbHO 
6onbWO~ eepORTHOCTb~ TepReT 3Ha4HTenbH~~ HMnynbC H npH 3TOM 
He pac~ennReTCR Ha HyKnoH~. TeopeTH4eCKH~ aHanH3 3Toro ~aKTa 
H RBnReTeR ~enb~ AaHHO~ pa60Tbl. 

M~ npeAnOnaraeM, 4TO OCHOBHOH BKnaA B ee4eHHe peaK~HH AaeT 
MHOroKpaTHOe paceeRHHe KSapKOB HaneTa~ero Ae~TpOHa Ha KBap
KaX MHWeHH /npOTOHa/, B peaynbTaTe KOTOporo B MHWeHH B036ymAa
~TCR HyKnOHH~e peaoHaHc~. Cy~eCTBeHH~M 3neMeHTOM TeopHH RBnR
eTeR 3aAaHHe KBapKOBO~ eTpyKTYPbl Ae~TPOHa. 803MOmHOeTb cy~eeT

BOBaHHR MHOrOKBapKOB~X eoeTORHH~ B HApax HHTeHCHBHO o6cymAaeT
CR B nocneAHee epeMR/S-~/B 4aCTHOCTH, HMeHHO WeCTHKBapKOB~e 
cocTORHHR Hrpa~T onpeAenR~Y~ ponb s onHcaHHH ynpyroro pacceR
HHR 3neKTPOHOB Ae~TPOHaMH npH 6onbWHX nepeAaHH~X HMnynbcax14•~/ 

B §2 paCCMaTpHBaeTCR MeXaHH3M MHOrOKpaTHOro CTOnKHOBeHHR, 
B §3 npHBOAHTeR CBOAKa KBapKOB~X BOnHOB~X ~YHK~H~ HyKnOHH~X 

pe30HaHCOB, B §4 o6eymAaeTeR aMnnHTYAa KBapK-KBapKOBOrO B3aHMO
Ae~CTBHR, e §5 AaH aHanH3 weeTHKBapKoeo~ CTPYKTYPbl Ae~TPOHa H 
npHBOARTCR peaynbTaTbl pae4eTa rny6oKoHeynpyroro dp-paeceR
HHR, B §6 C~pMynHpOBaH~ OeHOBH~e B~BOAbl. 
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§2. MEXAHH3M B3AHMO,QE~CTBHR 

npeAnOnOmHM, 4TO peaK~HR rny60KOHeynpyroro paeeeRHHR Hane
Ta~~e~ 4aeTH~bl A npoToHaMH HAeT e eoa6ymAeHHeM e MHWeHH npo
TOHHbiX pe30HaHCOB. CooTBeTeTBY~~ee AH~~epeH~HanbHOe ee4eHHe 
MOmHO npeAeTaBHTb B BHAe/6 / 

d 2 da 1 r 
--D-.. !. .(-:I.)-- . -.:.l - +ell, 
dtdMx r dt 2rr (M -M )2+ r2/4 

da X r r 
(~) - AH~~epeH~HanbHOe ee4eHHe o6paaoeaHHR peaoHaHea 

dt 

/1/ 

rAe 

e Maceo~ Mr H nonHO~ WHpHHO~ rr . 3AeCb ell- ~OHOBOe B3aHMOAeH
CTBHe, BKn~4a~~ee HepeaoHaHeHble npo~ecebl, KOTopble, nonaraeM, 
Aa~T Manbl~ BKnaA. Maeebl pe30HaHeOB Mr H HX WHpHHbl C4HTaeM H3-
BeCTHbiMH /7/,TaKHM o6pa30M, 3aAa4a COCTOHT B pae4eTe AH~~epeH
~HanbHOrO ee4eHHR o6pa30BaHHR pe30HaHCOB: 

. .!.!e: .. ~--!. -Li m.,\2. 
dt (2J A+1)(2JP +1) rr A . 

121 

rAe 

A= (s- (M A+Mp)
2

)(s-(M A-MP) 2 )=4M~Pe, 13/ 

a S - KBaApaT nonHOH 3HeprHH B eHCTeMe ~eHTpa Mace, M A H Mp
MaCebl HaneTa~~e~ 4aeTH~bl H npOTOHa, COOTBeTeTBeHHO, P 0 - eenH-
4HHa Ha4anbHOrO HMnynbCa B na6opaTOPHO~ CHCTeMe KOOPAHHaT. CyM
MHPOBaHHe B /2/ npOBOAHTCR no Ha4anbHbiM H KOHe4HbiM eoeTORHHRM. 
npH Ha4anbHOH 3HeprHH Eo• 5 r3B/HyKnOH H nepeAaHHOM HMnynbee 
Q 251 ,6 (r3B/c)2 He06XOAHMO Henonb30BaTb penRTHBHCTeKy~ KHHe
MaTHKy. B TO me epeMR 3Ta o6nacTb KHHeMaTH4eeKHX nepeMeHHbiX 
He RBnReTeR ynbTpapenRTHBHeTeKOH H n03TOMY 3~~eKT OTAa4H npo
TOHa a peaK~HH Ap .. Ar MomeT 6b1Tb Y4TeH HepenRTHBHCTeKHM o6-
paaoM lSI. 

1-iHBapHaHTHaR aMnnHTYAa :lJl fi eBR3aHa e T -MaTpH~e~ eOOTHO
WeHHeM: ..... 

"" 2 .. iqp . 
Jllfi = v'MAMpMr r dp e < fl TII>, /4/ 

rAe p- KOOPAHHaTa OTHOeHTenbHOro ABHmeHHR RApa A H npOTOHa, 
a q - 3~~eKTHBHbl~ HMnynbe: 

.. ~ .. .. (Mr-Mn)MA 
q = 1o1 + (P + P )---.£.;----, /5/ 

A P (MA+Mp)(MA~Mr) ... ... ... 
3Aeeb Q=PA -PA'' 

B paecMaTpHBaeMbiX peaK~HRX napannenbHaR eoeTaanR~~aR nepe
AaHHoro HMnynbea Qn - 1 r3B/e cpaBHHMa e nepneHAHKynRpHOH 
jQ~- 1,3 r3B/e/, TaK 4TO yenOBHe npHMeHHMOCTH TeOpHH rnay6epa-
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CHTeHKO (Qn <<Q.L ) He B~nOJlHReTCR. no3TOMY AJlR HaxomAeHHR T fi 
e /4/ 6yAeM HcnonbaoeaTb paanomeHHe T -MaTPHI..Ibl no KpaTHOCTRM 
CTOJlKHOBeHH~ / 9/ 

T. I t + l t G
0 

t + •.. 
m,n mn m,n mn rs 

/6a/ 

mn /66/ 

r,s 
(1) (2) 

= mu + m n + •.. 

rAe MaTpH4H~e 3JleMeHT~ tmn onpeAeJlR~T pacceRHHe KBapKa m Ha 
KBapKe n , a <!>YHKI..I~R rpHHa Go onHC~BaeT COCTORHHe CHCTeM~ 
B npoMemyTKaX MemAY CTOJlKHOBeHHRMH, EcTeCTBeHHO npeAnOJlOmHTb, 
4TO 3HeprHR BHyTpeHHero ABHmeHHR KBapKOB B HYKJlOHaX MHOrO 
MeHbWe HX CpeAHe~ 3HeprHH CTOJlKHOBeHHR. 3TO n03BOJlReT HCnOJlb-
30BaTb <!>YHKLIH~ rpHHa CB060AHOrO ABHmeHHR KBapKOB 

<k-+, .... k'IG lk.... k'"" - (2 )3n 8(k1-iti) ... 8(kn-1t;) /7/ 
t••• n 0 t••• n > -- " --~-.;------· 

E (k 1 ... kn ) - E o - i £ 

B paanomeHHH /6/ M~ orpaHH4HBaeMcR JlHWb ABYMR nepe~MH 4JleHa 
MH. npoBeAeHH~~ HaMH 4HCJleHH~~ aHaJlH3 noKa3aJl, 4TO 3TO orpaHH-
4eHHe BnOJlHe AOnyCTHMO, nOCKOJlbKY BKJlaA 6011ee B~COKHX KpaTHO
CTe~ CTOJlKHOBeHHR npH Q 2 ~ 2 /r36/c/ 2 COCTaBJlReT MeHee 20%, 

Ha4aJlbHOe H'KOHe4HOe COCTORHHR CHCTeM~ onpeAeJleH~ KaK 

I e > - 'I' A (xl ... x3A ) 'I' e (y 1; 2 y~ ) ; e = p ,r, !8! 

rAe it - KOOPAHHaT~ KBapKOB B HaJleTa~~e~ 4aCTHI..Ie A, a y - B 
npoToHe (p) H peaoHaHcax (r). Y4HT~BaR /4/, !6! H /8/, a TaKme ... .... .... ... ... 
COOTHOWeHHe p = Zmn -Xm+Yn , rAe Z mn - KOOPAHHaTa OTHOCHTeJlb-
HOro ABHmeHHR KBapKOB ffi H n, HaXOAHM aMnJlHTYAY OAHOKpaTHOrO 
CTOJlKHOBeHHR: 

~~r~O> _1 2 . ~ ... -+ 
Jllfi = v MAMp Mr ~ ( 'I'~ (x)'l'*(y) 

m,n P 
.-t. .... .... 

X f m n ( q) 'I' A (X) 1J' r (y) e Hi(y n- :r: ~ 
/9/ 

rAe m - Macca KBapKa, Aq- KHHeMaTH4eCKH~ <!>aKTOp, onpeAeJlRe
M~~ n~aHaJlOrHH C /3/, a fmn(~- aMnJlHTYAa KBapK-KBapKOBOrO 
pacceRHHR: 

2 ...... 
mq ... iqz ... 

f mn (q) = -- f t mn (z)e dz • 
rrVA 

/10/ 

CBR3aHHaR C Ce4eHHeM ynpyroro pacceRHHR COOTHOWeHHeM 

du 2 
< di- >qq = rr I r qq I . /11/ 

4 

m2 
B /9/ Aq - nnaeHaR <I>YHKL!HR' ee cpeAHee 3Ha4eHHe A z(__!L_)A 

q MAMp 
MOmHO B~HeCTH 3a 3HaK HHTerpana. TorAa /9/ ynpo~aeTCR: 

-.--: _..... .... 
1 (1) 11Mr iq(:r:m-Yn) 

-mu =v-M .<r 1 I r (q)e Ji>. .J;r p m,n m,n 
/12/ 

Aanee, HCnOJlb3YR RBH~~ BHA <I>YHKL!HH rpHHa /7/ H COOTHOWeHHe 

,.. .. -+ -+ -+ -+ .. .J"rqu 
E(k1+ q1, k2 ••• ,fCq1 ... )-E(~ ••• ,£1 ... )~.--; 

2MpEA 

qPA 
q =-:. 

II PA 

HaXOAHM aMnJlHTYAY ABYKPaTHoro pacceRHHR: 

1 <2> ~ 1 ;t .. .. ... ... --:-mn -v-·<fl-· I 1 fd'i1 dq 2B(q-q 1 -q 2 )x 
i\ Mp (217)2 m,n . V""' r,s 

X fmn (q1 )frs (q2 )[ __! . 
qlll-l£ 

iq (i ... .... ... ... 
+ ,]e 1 m-Yn) lq2(:r:r -Ys) 

q2
11
-k Iii>. 

/13/ 

/14/ 

QopMyJl~ /2/, /12/, /14/ onpeAeJlR~T ce4eHHe o6paaoeaHHR pe

aoHaHca 

du. 1 llm<1> m<2)12 dt ::r -;;:>: fi + fi /15/ 

AnR B~4HCJleHHR du/dt 
<!>YHKL!HH /8/ H aMnJlHTYA~ 

Heo6XOAHMO 3aAaTb KBapKOB~e BOJlHOB~e 
qq -eaaHMOAe~CTBHR fqq (q). 

§3. BOflHOBME <I>YHKUHH HYKflOHHMX PE30HAHCOB 

KeapKOB~e BOJlHOB~e <I>YHKL!HH HYKJlOHOB H HX pe30HaHCOB CTPOHM 

o6~4H~M o6paaoM 110•111 · 

' = ¢ 8 
( i ,S, T) ¢ a( C), /16/ 

rAe ¢a_ aHTHCHMMeTpH4HaR no nepeCTaHOBKe KBapKOB I..IBeTHaR 
4aCTb, a ¢ 8(x,S,T) - CHMMeTpH4HaR <!>YHKI..IHR, 3aBHCR~aR OT KOOp
AHHaT KBapKOB, HX CnHHOB H H30CnHHOB. HHme M~ npHBOAHM BOJlHO
B~e <!>YHKL!HH TeX pe30HaHCOB, KOTOp~e Aa~T BKJlaA B Ce4eHHe B 
paCCMaTpHBaeMO~ HaMH o6haCTH nepeAaHH~X HMnyJlbCOB. npH 3TOM 
M~ orpaHH4HMCR nepeXOAaMH 6e3 H3MeHeHHR H30CnHHa, npeAnOJlaraR, 
KaK o6~4HO, 4TO COOTBeTCTBY~He 4JleH~ B aMnJlHTYAe KBapK-KBap
KOBOrO B3aHMOAe~CTBHR Mall~: 

1 1 
8 8 8-•-

¢_t_M(940)=RooJi}<IIM212' 
2 2 

/17a/ 
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1 1 
s s -+ 8~'1! 

cP ..!..M (1470) • R 100 (x)cflMi 
1 

2 

/176/ 

s 1 1 3 a a lJ {:3 -+ (:311 
¢ 3 (1520) .. '=" 'S (1f.L-2 vi-

2 
M)[R11Jx)cfl .l2 2+ R (x)cfl .12 2 

_,M -12 v 1111 v 2 v 2 2 
/17a/ 

s 1 1 1 a a 11 {:3 f:3ll 
cP,1 M (1535)=7n"' 'S(1f.L-vi-M)[R (x)cfl ~ 2 +R (x)cfl 22] 

2 v 2 f.L ,v 2 2 llf.L v .l 11f.L v J . 
2 2 

/17r/ 

..1. 5 s 11 
(2 f.L v 1-M )R (i) cfl 

8 
"21! 

2 2 12{.L vl 
2 

s 
cP 5 (1690)- l 
2M f.LV 

/17A/ 

ysT 
3AeCb cfl 0 r - CnHH-1-130CnHHOBa~ <!>YHKI.II-1~, o H T - npoeKI.IHH 

CnHHa 1-1 H30CnHHa, COOTBeTCTBeHHO, y = S, a, {:3 03Ha4aeT THn 
nepecTaHOB04HOH CHMMeTpHH OTHOCHTellbHO CnHH-H30CnHHOB~X nepe
MeHH~X; S COOTBeTCTByeT nOilHOH CHMMeTpHH, a-'1-1 {:3- CMeWaH
HOH/10/, Rnff.L- OCI.IH1111~TOPH~e BOilHOBble <!>YHKI.IHH, KOTOp~e B 
C06CTBeHHOH CHCTeMe KOOPAHHaT HMe~T BHA: 

w 2 2 2 
s _. 3/2 _, 3 -112 -'n<x1+x2H3) 

R 000 (x) "'(~) (3y3 rr ) e /18a/ 

- w 2 2 2 
3v"2 -· -1/2 2 2 -'-(X +X +X ) 

R~00 (X)=(f") (9y3rr3) [3- ~ (x 1 +x 2 +x~)]e 12 1 2 ? /186/ 

_,.J4t(x2+ x 2 + x 2) / 8 
Ra (x),.,(~)2f:t,/~,.3)1/2r,t __ ;_) P. 121 2 3 1 a/ 

llf.L 0 - • .,-,. 

{:3-+ 2 - 3-1/2_. -+ ,. -f.e<x~+x~+x~) /18A/ 
R11f.L(x)=(f) (9y3rr) (x1+x2 -2x3)f.Le 

- 3 w 2 2 2 
Rs (x)=(!::!)5/2(45y3rr3rll2l x~Y (x-) -i2<x1+x2+x3) /18A/ 

12 f.L 6 8 j"' 1 J 2f.L J e • 

rAe Xi - KOOPAHHaT~ KBapKOB. 0CI.II-11111~TOPH~A napaMeTp W B pac-
4eTaX 6panc~ paeH~M 1 /r3B/c/ 2.3To 3Ha4eHHe w cornacyeTc~ c 
AaHHbiMH no ynpyroMy p p 1121 - H ep 1131 - pacce~HH~ B W~-tpOKOH o6-
11aCTI-I q 2 <1 0 /r3B/c/2. 

§4. AMnJliHYAA KBAPK-KBAPKOBOrO B3AHMOAEtiCTBH.R 

B aMnllHTYAe KBapK-KBapKOBOrO B3aHMOAeHCTBI-IP., COCTO~~eH B 
06~eM C11y4ae H3 BOCbMI-I HHBapl-'taHTOB,M~ OCTaBil~eM IlHWb ABa,HaH-
6onee cy~eCTBeHHbiX e paccMaTp~-teaeMOH o6nacT~-t nepeAaHHbiX ~-tMnynb
coe1141: 

r .. (q)=A(q2)+iqbB(q2 )(;_ +;. >i:. 1191 
lJ 1 J 

6 

rA~ ; k- Cni-'IHOBble MaTpl-ll.lbl nay111-1, 
.,. B(~) ~-tMe~T B~-tA: 

{A} 1 . {A} -.f,t ~~I 
A = --(1+ a ) e 
B 4rr PP B 

-+ -+ 
n =[PAPA J /p ApA'sinO, a A (q 2 ) 

/20/ 

rAe app- 1-!3BeCTHOe 1-13 3KCnep~-tMeHTa OTHOWeH~-te peallbHOH K MH~-t
MOH 4aCT~-t aMnll~-tTYAbl pp-pacce~H~-t~ anepeA 1151• napaMeTp A a 
/20/ CB~3aH C nOilHbiM Ce4eHHeM pp -pacce~HI-I~ Otot COOTHOWeH~-t
eM A=o·tot/9, a napaMeTp a 2 HaXOA~-tTc~ H3 cpaaHeHH~ c 3KcnepH
MeHTOM ce4eHH~ ynpyroro pp-pacce~H~-t~, nony4aeMoro c noMO~b~ 
/12/, /15/, /17a/ 1-1 /18a/ 

~ .. 81(~) s\q), 
dt dt qq p /21/ 

rAe 
q2 

s (q)=e-'w 
p /22/ 

TorAa napaMeTp a2 ca~aaH c H3aecTHbiM H3 3Kcnep~-tMeHTa 1161 Ha-
K110HOM ~ AH$$epeH1.11-ta11bHOrO Ce4eHH~ (do/dt)pp COOTHOWeH~-teM 

2 
17 =Rea + 4/ w. /23/ 

napaMeTp~ 8 1-1 b B /20/ MOryT 6b1Tb HaAAeHbl H3 aHa11H3a Ce4e
HHH p:aKLIHH c H3MeHeHHeM cnHHa, Hanp~-tMep, PP-+PN 1520 . TaK, 
D lltJY1UJIY1n\CMt"'t'l U#-4MU"tJO I MUI U ..,d\...\...CJ1M¥U1 

d 2 1+a2 2 Mr b2q4 2 
-!!- (1520) .. --'!., • ..:..:...:£1L. .sp(q)- -IB I . 
dt 3 (4rr)2 Mp w 

/24/ 

CooTHoweH~-te /24/ MO>KHO HCn011b30BaTb All~ onpeAelleHH~ B H b 
$HT~-tpoeaH~-teM 3Kcnep~MeHTallbHbiX AaHHbiX npH He6onbw~-tx q2. 
/~1( r3B/c)2/. Ho Ce4eHHe o6paaoeaHH~ N 1520 H3MepeHo np~-t q2>.... 

1 i(r3B/c)2, n03TOMy 3AeCb He11b3~ orpaHH4HBaTbC~ OAHOKpaT-
HbiM pacce~H~-teM, HY>KHO y4eCTb H ABYKPaTHoe. B 3TOM c11y4ae ce4e
HH~ n011y4a~TC~ HenocpeACTBeHHO C noMO~b~ /12/, /14/, /15/, 
/17/-/19/ H HaP~AY c 411eHOM IBI 2 COAep>KaT 411eHbl IBxBI 2 ,IAxBI 2 , 
I Bx(AxB)I, IBx(BxB)J. fiBHbiH BHA nony4aeMbiX Bblpa>KeHHH rpoM03AOK, 
1-1 Mbl HX 3AeCb He npHBOAI-!M. 

AMnllHTYAa /19/ He COAePIKI-IT I.IBeTOBbiX nepeMeHHbiX, H B 3TOM 
CMbiCile He ~Bll~eTC~ XpOMOA~-tHaM~-t4eCKOH, a COOTBeTCTBYeT MOAellH 
cocTaen~~~Hx KaapKoa. Hcn011b30BaHHe 3Toro aapHaHTa TeopHH 
npeACTaBil~eTC~ BnOilHe pa3yMHbiM B 0611aCTH, AalleKOH OT aCHMnTo
TH4eCKOH ceo60Abl jq2-1,5 /r3B/c/ 2. UaeTOBble >Ke nepeMeHHble 
Y4TeHbl B CTPYKType BOilHOBbiX <!>YHKI.II-IH. 

Pacc4HTaHHble AHct><t>epeHI.IHallbHble ce4eHH~ peaKLIHH p p-+ p N * 
H HMe~~~-tec~ 3KCnep~-tMeHTa11bHble AaHH~e npHBeAeHbl Ha p~-tC. 1. npH 
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10-1 

1()21 

N159o 

p + p "' p + N• 

P, - 6,1 r3B/c 

os_ 1,r3
a'!c' 1 15 

PHc.l. PacqeT H cpaaHeHHe 
c 3KCnepHMeHTarrbHbWH AaHHbWH 
AHclxPepeH~HarrbHoro ceqeHHH o6-
pa3oBaHHH TipOTOHHbiX pe30HaHCOB 
B pp -+pN* -cTOJIKHOBeHHHX, 

~0 
2 

~01 

1o0 

P+P z P+X 

Po• 6,3 rJB/c 

~I 
1 11 1 

1690 15351520 1470 

I 

/. 
t 

I 
t 
I 

1,7 1,6 1,5 1,1. 1,0 

Mx, r3B/c2 

PHc.2. PacqeT H cpaBHeHHe 
c 3KcnepHMeHTaJibHbWH AaH
HbWH AHqxpepeH~HaiTbHOrO 
Ce4eHHH pp-+ pX peaK~HH. 

3TOM napaMeTpb~ B 11 b 1>138IleKail1>1Cb 1>13 peaK~"'"' pp-+ pN 1520 /pl>1c. 16/, 
a A "" a- 1>13 ynpyroro pp-pacce~HI>1~. YA08IleT80pi>1TeilbHOe co
rilaCI>1e C.3KCnepi>1MeHTOM 8 peaK~I>11>1 pp-+N 1690 /pi1C. 1a/ yKa3~8aeT 
Ha cnnt=IRP.flnLifR()rTh nr .... nRJ .. U .. IV nn,:::llnnnnnw,:ae .. u. .. u'A rnr-n!lriAQ ,.. ~!-'rnan• .. -

MeHTOM HeCKOilbKO yxyAwaeTc~ ~P-~ q2 > 2 /r3B/c/~ r~e- 8~lK~~-~Ile
AY~~""e 4IleHbl B pa3IlOlKeHI>11>1 no KpaTHOCT~M CTOilKH08eHI1~. 0AHaKO 
Ail~ HaC 3TO paCXOlKAeHI>1e Hecy~eCTBeHHO, nOCKOilbKy B paCCMaTpl>1-
8aeM~X Hl>1lKe rilY60KOHeynpyri>1X peaK~I>1~X OCHOBHO~ 8KilaA AaeT o6-
IlaCTb q2 $ 1 , 5 /r3B/c/ 2. Pac4eT peaK~I>111 p p-+ pN 1470 /p1>1c. 18/ 
np11 OTCYTCTBI>111 3KCnepi>1MeHTailbH~X AaHH~X HOCI>1T MeTOA1>14eCKI>1~ xa
paKTep. 

3Ha4eHI>1~ napaMeTpoe, 1>1CnOilb3yeM~x a pac4eTax A~>'~~~epeH~I>1ailb

HbtX Ce4eHI1~, npHBeAeHbl 8 Ta6Ill>1~e. 

17 tot 
MOH 

44 

app 

-0,47 

Ta6JIH~a 

Rea 2 Ima2 Reb2 Imb 2 B _ 2 
(f3B/c)-2 (f3B/c)-2 (f3B/cf

2 
(f3B/cf 2 (f3B/c) 

4,3 6 0,2 0 8,5 

Ha p1o1c.2 npi>1BeAeH~ pac4eT 1>1 cpaeHeHI1e c 3Kcnepi>1MeHTOM peaK
~HH PP-+PX. B pac4eTe, awnoilHeHHOM no ~PMYilaM /1/, /15/,y41>1-

8 

' ) 

'l 

T~BailOCb Bo36YlKAeHI1e 4eT~pex pe30HaHcoe N 1470 ,N 1520 ,N 1535 , 
N1690 • BHAHO YAOBileTBOPI1TeilbHOe corilaC~>'~e Teop1o111 11 3Kcnepi1MeH

Ta. CI1CTeMaTI>14eCKOe paCXOlKAeHI1e o6yCilOBileHO BKilaAOM Hepe3o
HaHCH~X ~OHOBWX npo~eCCOB. 

§5. rflY60KOHEYnPYrOE dp -PACCEjjHHE 

QopMyilw /1/-/14/ npl>1rOAH~ Ail~ pac4eTa rily6oKoHeynpyrl1x 
peaK~~>'~~ c npoi>1380ilbHbtMI>1 CilOlKHWMI>1 4aCTI>1~aMI>1. Heo6xOA1>1MO Il11Wb 
3aAaTb KBapKOBble BOilHOBbte ~YHK~111>1 HaileTai0~1>1X 4aCTI>1~. B Cily4ae 
dp-+ dx -peaK~1>1~ 3TO BOilHOBbte ~YHK~1>11>1 AeHTPOHa. 

B o6~eM Cily4ae KBapKOBa~ BOilHOBa~ ~YHK~I>1~ Ae~TPOHa MOlKeT 
6b1Tb npeACTaBileHa B BI>1Ae pa3IlOlKeHI1~ 

'I'=~ 0k 'l'k /25/ 

no MHoroK8apKoaoMy 6a31>1CY I'Pk I. 0AHaKo Ha npaKTI>1Ke TaKoe npeA
CTa8IleHI>1e lJ' MailOnpl>1rOAHO, nOCKOilbKY MI>1KpOCKOnl>14eCKI>1~ KBapK
KeapK08bl~ noTeH~I>1ail 1>13BecTeH Il~>'~Wb a o6IlaCTI>1 MailbiX npocTpaHcT
BeHH~x pa3Mepo8 MHoro'KeapKOBbiX CI>1CTeM, 1>1 8onpoc o6 aMnil~>'~TYAaX 
Ck OCTaeTC~ OTKpbiTWM. no3TOMy B KOHKpeTHbiX paC4eTaX BOilHOByiO 
c!JYHK~HIO Ae~TpoHa Bbl61>1patOT B BI>1Ae/S/ 

A 

'~'=coA (cl>ncl>p'l'np)+~ 0 k'~'k• /26/ 

11-40:: '!'k - tsUJIHUI:Iblt! (jlyHK~I1H WeCTI1KBapK08biX KOH(Jll>1rypa~1>1tlt, '~'np
~YHK~1>1~ OTHOCI>1TeilbHOrO AB1>1lKeHI1~ HYKilOHOB - TpeXKBapKOBbiX KilaC
Tep~8, Oni>1Cb1Ba~~I>1XC~ aHTI>1CI>1MMeTpi>14HbiMI>1 ~YHK~I>1~MI>1 cf>n 11 cf>p , 
a A - onepaTop aHT1>1CI>1MMeTpl>13a~""""• ~>'~MeeT B~>'~A 

A 1 
A .. ....,.(1- l P .. ), /27/ 

y'1u i=-123 1J 
i=456 

rAe pij- onepaTOP nepeCTaHOBKI>1 KBapKOB i 1>1 j 1>13 pa3Hb1X HYKilo-
HOB. 

nepeoe CilaraeMOe B /25/ Oni1CWBaeT BOilHOBYIO ~YHK~11~ Ae~TPOHa 
Ha 6oilbW1>1X paccTO~H11~X r ~ 0,5 OM, 8Topoe - Ha MailbiX. '~'np 
B /26/ 11MeeT 811A: 

M 1 u(r) w(r) A 

'I' np = --==----·-·x
1
M +- l (2m 11ll1 M) Y

2 
(r) x 

1 
, /28/ 

v' 4 " r r m ll 

rAe M- npoeK~1>1.A noilHoro MOMeHTa J =-1 , u(r) 11 w(r)- paA11ailb
Hwe BOilHoawe ~YHK~111>1 S- "" D -cocTo~H11~ 

X - l(.!. . 1 I 1 1 -t-t· .. L-1. l~t 
2 

111 ir 2 11l H- r 1 -- r 1 oo> c1> 4> 2 2 2 2 2 171 r 1 17 r • 2 2 
/29/ 
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sT 
r,qe 4>0'1" - CI-1MMeTpi-14Hble CnHH-H30CnHHOBble <)lyHKI..II-11-1 HYKilOHa; 4>

0 
1-14f>p B /26/, B COOTBeTCTBI-11-1 C /16/ 1-1 /17a/ HMeiOT BH,q; 

s :t a 
4> .. R ooo<x) ¢ (C) •. n,p /30/ 

AflR WeCTHKBapKOBbiX npHMeCeH - BTOpoe CllaraeMoe B /26/ 
Mbl orpaHI-141-1MCR 111-1Wb npOCTeHWeH KOH<)lHrypai.IHeH C KBapKaMI-1 B S
COCTORHI-11-1, ee BOilHOBaR <)lyHKI.IHR HMeeT BH,q; 

15 3 w l: .. .. e 
'I'M (w)-4('

6 
5-)T e-'72'i>j (xl-xj )m CST 

q6= S 17 TM ' /31/ 

r,qe 

CST 3 .... a a 
'PM •-:=-.A I ¢

0 
(C)¢P(C)x tM I. /32/ 

v' 10 
Be11H4HHa c[ 1-13 aHa11H3a pR,qa 3KcnepHMeHTa11bHblx ,qaHHbiX 

Kone6neTcR OT 0, 02 ,qo 0, 07. Mbl Bbi6HpaeM c2
1 

=0,05. 3aMeTHM, 4TO 
CllaraeMble B /26/ He RB11RIOTCR OpTOrOHallbHbiMI-1, B CI-111Y 4ero 
c~+c12~ 1. O,qHaKo 3TH <I>YHKI..II-11-1 MO>KHO opToroHa11H30BaTb, TaKaR 
np01.1e,qypa npHBe,qeT 111-1Wb K Hecy~eCTBeHHOH nepeHOpMHpOBKe BKna
,qa WeCTHKBapKOBbiX COCTORHHH/51. 

Bb16op eonAOBOH <I>YHKI..II-11-1 ,qeHTpoHa pewaeT 3a,qa4y o Bb14HC11eHHI-1 
Ce4eHHR dp-+ dX peaKI..II-11-1. no11y4aeMble B o6~eM C11y4ae Bblpa>KeHHR 
BeCbMa rpOM03,CIKI-1 1-1, XOTR n011HbiH pac4eT 1-1 CpaBHeHHe C 3KCnepH
MeHTOM fihlniA Rt-Jnnn"--PI .. U .. I ": !' 1 ~'='"'!"~~~ ~!!:,'~:~;:.::-;;;:.,;;~ ~"T~~In.nVI:n;;;nn;; 

1 
~14t::t...b 

>Ke, A11R npOCTOTbl, Mbl npHBO,CIHM OCHOBHble <)lopMyllbl TOilbKO ,q11R 

o,qHoKpaTHoro pacceRHHR. AnR 3Toro c,qenaeM e <)lopMynax /21/-/22/ 
aaMeHy: 

2 2 
I3Spl -+I6Sdl. /33/ 

r,qe 
• -+-+ 

2 1 lqxl . 2 
ISdl .. a'M~' I <'I'MI e I 'I'M, >I 

/34/ 
1 exch 2 2 1 exch 2 

=I Fe +F 0 +C 1 F6q +2c 1 Fint I +IFQ +FQ +2c 1FQ,int 1. 

B /34/ Fc~Q - 06b14Hble 3apR,qOBbiH 1-1 KBa,qpynOilbHbiH <)lopM<)laK-

TOpbl, 
411eH 
I.IHeH: 

exch w 

F c,Q - 1-1x o6MeHHble 4aCTH, Fint - HHTep<)lepeHI..IHOHHbll-1 
1-1 F6q - BKila,q, o6yC110B11eHHbiH weCTHKBapKOBOH KOH<)lHrypa-

F0

1 
=F0 (() ( drj 0(!lf-)(u 2 +w2), /35a/ 

10 

[ 

1 qr w2 
F ,F (~)(drj (-)(2uw--); 

/356/ 

Q o 2 2 " 2 
F exch .. ·g( F (.l.t:).l[IO(+)q) 1o(+)(q)] F (-3_t:)[IO(-~) 1o(-l )]I /35e/ 

c o 2 "' 3 oo t + 22 + o 4 .., , oo cq + 22 (q • 

exch 1 1 2(+) 1 2(+) 2 3 2(-) 1 2(-) 
FQ ,.gf-F

0
(-t- ~)[21 

20 
(q)- -I 22 ]+--F(-~[2120 (q)--1 22 (q)](35r/ 

3 2 v'2- 3 4 /2' 
Fo"'exp(-~ ); ~ .. q2/w 

3 3/2 
g,., -(.!:!..) , a o6MeHHble 11HTerpa11bl I ,qaiOTCR <)lopMyllOH: 

64 2rr 

f(+) -------
1 L~' (q) = 4rr :£ (2.\+1),/ !.:!J.+1)(2f2+1)(2f +1) £1_£ 2 

r1f~ • 2 41 C±i) 1 
f 2 >. L 

I 
u ut 

x( r1o.\OjL'O)(f 20.\~j~O~: 0 f 2(0I !1 O)x) ( 3 ) !3G! 
- - - -(r +r ) 4 . 4 

(drdr r r ¢ (r) ¢ ,(r)e 
32 ir qr in .qr i (-~rr). 

L L 1 3 L2 1.. ,\ 16 
-8 8 

B /35/-/36/ ir - c<)lepl14eCKI1e <I>YHK1.1111-1 6eccenR, iA- c<)lepl14eCKI1e 
<)lyHKI..II-11-1 fjeccenR MHI1Moro apryMeHTa, ¢ 0=u , ¢ 2-w, 

-+-+ 
2 .... iqxl 

Fint(q )·<A(4>n<l>p'Pnp)!e I'Pqs>. /37/ 

5 q~ 

F 
-4-w-

aq=C /38/ 

,/l.nR pac4eTa sd 11Cn011b30Ba1111Cb BOilHOBble <I>YHK1.11111 PeH,qa c 
MRrKHM KOpOM/lS~ 0THOCI1TeJlbHble BKJla,qbl Kal!<,qoro CllaraeMoro B /34/ 
noKa3aHbl Ha PI1C. 3. npl1 3TOM B Ka4eCTBe <)lopM<)laKTOpa F 6q npe,q
CTaBJleHO ero pe11RT11BI-1CTCKOe o6o6~eH11e 151 : 

5 q2 
- -'. ::-::-2-=.2 

F (q2) = 1 e 4w l+q 12m a • m =1,3faB/c2 /39/ 
6q (l+q2/(2m:)2 )5 6 

KOTOpoe np11 q2~ 1 /faB/c/ 2 COBna,qaeT C Hepe11RT11BI-1CTCKI1M /38/. 
B11,qHo, 4TO BKJla,q o6MeHHbiX 1-1 11HTep<)lepeHI.IHOHHbiX 4JleHoe Man e 
Wl-'lpOKOH o611aCTI-1 nepe,qaHHbiX 11MnyJlbCOB, a BKJla,q OT F

6
q np11 q 2 ~ 

1 /faB/ c/ 2 cpaBHI1M c BKJla,qoM F c1 • 
Ha pHc.4 npe,qcTaeneH pac4eT dp-.dN peaK1.11111. 3Kcnepi1MeHTanb

HbiX ,qaHHbiX noKa e~e 3,qeCb HeT, n03TOMY pac4eT HOCI1T MeTO,CII14e
CK11H xapaKTep. Bl1,qHO, 4TO y4eT weCTI1KBapKOBOH KOH<)lHrypal..ll-111 
np11 6onbWI1X q 2 npHBOAI1T K yeeJlH4eHI110 ce4eHHR. Ha p11c.S noKa
aaH peaynbTaT pac4eTa rny6oKoHeynpyroH dp-.dX pea~c eoa-

11 
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................ tr'L / ... -....... 
I 

'l(_T6j 

n 
0 2 

RSC 

a) 

61 

', IFcfl 
~2CIFointl '•,, ,-------- IFJ!I 

' ' ' ' \t 

4 6 r3B~ 
PHc.3. BKnaA pa3nHqHhlX cna
rieMb~ B 3aPHAOBhlH /a/ H 
KBaApynonbHbll /6/ ~OpM~aKTO
Pbl AeiiTpOHa. 

PHc.S. PacqeT H cpaBHeHHe c 3K
cnepHMeHTOM AH~epeH~HanbHoro 
ceqeHHH dp~dX -peaK~HH: 
nyHKTHpHaH nHHHH - pacqeT 6e3 
yqeTa meCTHKBapKOBOii KOH~Hry
pa~H B BOnHOBOii ~YHK~HH AeiiT
POHa; WTPHX-nYHKTHpHaH nHHHH -
OTHOCHTenbHhlH BKnaA meCTHKBap
KOBOii KOH~Hrypa~H B AeiiTPOHe, 
paBHhlH 5%; cnnomHaH nHHHH -
pacqeT C yqeTOM meCTHKBapKOBOii 
KOH~rypa~H H ~OHOBhlX npo~ec
COB. 

:1: 
.a 
:1: 

~~ 

1(f2 

103 

~ 
~ 

"..::: 
' ..... ~ ... "" 

' ' 

d ... P • d • N• 

P, •8,9 r>B/c 

- q-5•10'2 

---- q •0 

'' --,, ',,,' 
' ............ 

0,5 1 1,5 -t,r:>B2;c2 

PHc. 4. ,[IH~epeH~HanbHbJe ceqeHHH 
06pa30BaHHH npOTOHHbiX pe30HaHCOI . 
B dp ~ dN* -peaK~HX: nyHKTHpHaJ 
nHHHH - pacqeT&I 6e3 yqeTa meCTH· 
KBapKOBOii KOH~Hrypa~HH B BOnHo
Boii ~YHK~HH AeiiTPOHa, cnnomHaH 
nHHHH - pacqeThl C yqeTOM meCTH
KBapKOBOii KOH~Hrypa~HH. 

1011 ~~f ~ ·-~n- dT X ,____, ~ ' .Ci ·:;'-:;;"/ '· 10) 

'ill6 -- - c~ ·5·10-2 • rfl 2 . 
- C1 •5•10-2TcpQH t I J102 

f 

I 
~~+t 

- ,---,, "'' ____ / \. '~ 

! '--,, '\ 
1 11L1470 , 1690 

10-1 
101 

L-L__..__ _ _.__ _ _.__~,__--'----...J100 

1,7 1,6 1,5 1,1. 1,0 

Mx, r3B/c2 

6ym,qeHHeM N1470 ,N1520 , N 1535 1o1 N1690 -peaoHaHcoe. BH,qHo, 4TO 
TeOpeTH4eCKaR KpHBaR /nyHKTio1pHaR nHHHR Ha PHC.5/ Ka4eCTBeHHO 
eocnpoHaeo,qHT 3KcnepHMeHT. BKn104eHHe q6 KOH<))Hrypai.IHH /wTpHx
nyHKTHpHaR nHHHR/ npHBO,QHT K yeenH4eHio110 Ce4eHHR lo1 yny4WeHio110 
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cornac1o1R c 3KcnepHMeHTOM. OcTaiO~eecR He6onbwoe CHCTeMaTH4ecKoe 
pacxom,qeHHe c 3KcnepHMeHTanbH~MH ,qaHH~MH o6ycnoeneHo HanH4HeM 
HepeaoHaHcH~x <)loHoe~x npo1.1eccoe. BenH4~HY <)loHa e dp~dX peaK
LIHRX MOM<HO Ol.leHHTb, 3HaR <)loH e pp~ pX peaKI.IHRX. AeHCTBHTenb
Ho, Ce4eHHe <)loHOB~X B3alo1MO,QeHCTBio1H nponopi.IHOHanbHO npOio13Be,qe
Hio110 <)la3oeoro o6DeMa Ha KBa,qpaT nepexo,qHoro <)lopM<)laKTopa16f;Tor
,qa 

2 2 
cfldp•4lppJ6SdJ /J3SpJ• /40/ 

r,qe cflpp- <)loH B pp-peaKI.IHRX, B~4HCneHH~H KaK pa3Hio11.1a Mem,qy 
COOTBeTCTBYIO~Io1Mio1 3KCnepHMeHTanbH~Mio1 lo1 TeopeTH4eCKio1Mio1 3Ha4e
Hio1RM1o1 (du/dtdMx )pp~px . PeaynbTaT pac4eTa (du/dtdMx)d~dX c y4e
TOM /40/ lo1306pameH Ha plo1C.5 /cnnOWHaR KpHBaR/. BH.QHO, 4TO oc
HOBH~e CTPYKTYPH~e xapaKTepHCTHKH lo1 XO,Q ce4eHHR OCTanHCb He
lo13MeHH~MH, HO C y4eTOM <)lOHa a6COniOTHaR BenH4HHa Ce4eHHR yee
nH4HBaeTCR, 1o1 cornac1o1e TeopHH 1o1 3KcnepHMeHTa yny4waeTcR. 

§6. BbiBOAbl 

1. B 1.1enoM MexaHH3M MHoroKpaTHoro KeapK-KBapKoeoro pacceR
HHR npaBHnbHO BOcnpOio13BO,Qio1T OCHOBH~e 3aKOHOMepHOCTio1 rny6oKo
HeynpyrHX Ap~Ax peaKLIHH (A.p,d). 

2. BKna,q weCTHKBapKOB~X KOH<))Hrypai.IHH B ,qeHTpOHe npHBO,QHT K 
yny4WeHHIO cornaCHR C 3KCnepHMeHTOM. 

3. AHTHCHMMeTpH3ai.IHOHH~e 3<)l<)leKT~, o6ycnoeneHH~e onepaTopoM 
i, e /26/ Man~ 1o1 HMH MOM<HO npeHe6pe4b. 3<)l<)leKT~, o6ycnoeneHH~e 
HHTep<)lepeHLIHeH paanH4H~x cnaraeM~x e /26/, TaKme Man~ no cpae
HeHHIO C BKna,QOM WeCTHKBapKOB~X npHMeCeH. 

4. ~OHOB~e Hepe30HaHCH~e npOI.IeCC~ ,qaiOT HenpeHe6peM<HM~H 
BKna,q e ce4eHHe, no3TOMY e ,qanbHeHweM Heo6xo,qHMa n1o16o paapa-
6oTKa MeTO,qa HX B~4HCneHHR, n1o160 nOCTaHOBKa 3KCKnl031o1BH~X 3KCne
PHMeHTOB THna Ap ~AN*. TeopeTH4eCKHH aHanH3 3TH X peaKLIHH, npo
ee,qeHH~A B ,qaHHOH pa6oTe, noKa3~BaeT, 4TO COOTBeTCTBYIO~He ce-
4eHHR 4YBCTBio1TenbH~ K npHMeCRM WeCTHKBapKOBOH KOMnOHeHT~ B Bon
HOBOH <llYHKL!HH ,qeATpoHa np1o1 6onbWHx q~ 

AeTop~ rny6oKo 6naro,qapH~ npo<)l. B.K.nyKbRHOBY aa nocToRH
Hoe BHHMaHHe 1o1 HHTepec K pa6oTe, a TaKme eecbMa npH3HaTenbH~ 
npo<)l. M.r.Me~epRKoey 1o1 n.C.Amr1o1pe10 aa noneaHoe ,qeTanbHOe o6-
cym,qeHHe nony4eHH~x peaynbTaToe. 
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~OpKHH c.M., KanTapb n.n., THTOB A.H. 
rny60KOHeynpyroe AeHTpoH-npoTOHHOe pacceHHHe 
H KBapKOBaH CTPYKTypa AeHTpOHa 

P2-82-81 

Ha OCHOBe KBapKOBOH MOAenH 3neMeHTapHhlX ~aCTH~ npoaHanH-
3HpOBaHO rny6oKoHeynpyroe pacceHHHe AeHTpOHOB npoToHaMH 
H o6~HCHeHhl COOTBeTCTBYID~e 3KCnepHMeHTallbHble AaHHbie. lloKa-
3aH01 ~TO onpeAenHID~YID ponb B 3THX peaK~HHX HrpaiDT B036~eHHe 
npOTOHHbiX pe30HaHCOB H HallH~He mecTHKBapKOBOH npHMeCH B Bon
HOBOH ~yHK~ naAaiD~ero AeHTpoHa. 

Pa6oTa BbiTIOnHeHa B na6opaTOPHH TeopeT~eCKOH ~H3HKH OHHH. 

npenpHHT 06~eAHHeHHOro HHCTHTYTa AAePHYX HccneAOBaHHH. AY6Ha 1982 
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The Deep-Inelastic Deuteron-Proton Scattering 
and the Quark Structure of the Deuteron 

n'>-Q'>-QI -- -- --

The deep-inelastic scattering of the deuteron by protons 
is analysed in the framework of the quark model of elementary 
particles, the corresponding experimental data are explained. 
It is shown that the excitation of proton resonances and the 
presence of the six-quark admixtures in the deuteron wave 
function play the leading role in these reactions. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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