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1 . nOCTAHOBKA 3AAA4~ 

MomHo om~AaTb, 4TO HyKnOHW a ~Apax ~n~ ~AePH~X npoqeccax 
MOryT o6pa30BbiBaTb Heo6W4Hble An~ ~AePHOti ¢l~3~K~ TaK Ha3~aaeMble 
MHOrOKBapKOBble C~CTeMW /MKC/, ~n~ T04Hee- MynbTH6ap~OH~. 
npocTeiiwa~ ~3 H~X- 3TO 6q-c~CTeMa- A~6apHOH. Cei14ac MHOr~e 
CKnOH~~TC~ K TOMy /CM., Hanp~Mep, Ill/, 4TO Ha OCHOBe 3KCnep~-
MeHTanbHbiX AaHHbiX no pacce~H~~ HyKnOHOB, B3a~MOAei1CTBH~ 1T -

Me30HOB c Aei1TpoHaM~, ¢loTopac~enneH~~ Aei1TpoHa ~ APYr~M peaK
q~~M MOmHo CAenaTb 3aKn~4eH~e o cy~ecTaoaaHH~ A~6ap~oHa c 
KaaHTOBbiM~ 4~cnaM~ I =1 , J P =r, 3 F 3 /E"' 2, 186-2,32 f3B, 
1~ 0,1-0,3 f3B/. KpoMe Taro, ~Me~TC~ YKa3aH~~ Ha cy~eCTBOBaH~e 
AH6apHOHal=1, JP=2+, 1

D 2 JE:o2,14-2,17 f38, 1=0,05-0,2 f38/ 
1-1 eCTb, BHA~Mo, npH3HaKH AH6apHoHOB I =0, JP=3- /1+, 3+1 
/E~2,19-2,35 f3B, 1= 0,1-0,4 f3B/. HanoMHHM, 4TO TaK~e 6onbWHe 
3HeprHH ao36ymAeHH~ E*=E-2MN=200-300 M3B aecbMa Heo6bi4HW An~ 
~AePHWX C~CTeM, rAe XapaKTepHWi1 ~AePHWA cneKTp npOCTHpaeTC~ B 
npeAenax AO E*""50 M3B. n~6onbiTHO, OAHaKo', OTMeTHTb, 4TO 3KcnepH
MeHTanbHO noKa He YAanocb o6Hapym~Tb ~aHoro pe3oHaHCHoro nose-
................. ,..,....,,,....,,,~.~ ,,,,,,,... ....... ,,_,,,,,,.,.,,....,,,,,....,... ....... .... "",...,...,......,~_,,,.n o nF\n'!!ii"'"TIA nn~nnnn:'=lr-~Clo-
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Mora cy~ecTaoaaHH~ AH6apHoHoa. To, 4TO 3AeCb Ha6n~AaeTc~ -
3TO HeKOTOPble Oco6eHHOCTH B nOBeAeHHH TaK~X AH¢l¢lepeHqHanbHbiX 
xapaKTepHCTHK, KaK non~pH3aqH~, aHan~3HPY~~a~ cnoco6HOCTb 1-1 Ap., 
KOTOpble onpeAen~~TC~ 4epe3 pa3HOCT~ Ce4eH~A pacce~H~~ HyKnOHOB 
C pa3HWMH opHeHTaqH~MH CnHHa. no-BHAHMOMY, ace 3TO CB~3aHO CO 
cneqH¢lHKoA AH6apHoHa. TaK, ecn~-1 AH6apHOH - wecTHKaapKoaa~ 
CHCTeMa, TO BOnHOBWe ¢lYHKUHH KBapKOB AOnmHW HC4e3aTb Ha rpaHHqe 
KOH¢lai1HMeHTa b. 6wno noKa3aHo 12~ 4TO ecnH BHe 3TOi1 o6naCTH 
aonHoay~ ¢lYHKUH~ HyKnoH-HyKnoHHoro s-pacce~HH~ 6paTb acHMnTo
TH4ecKoA t/J - Sin(kr + o) C COOTBeTCTBY~~HMH 3KCnepHMeHTanbHbiMH 
CABHraMH ¢la3 a o6nacTHT~a~2300 M3B 1-1 nocTpOHTb 1-13 3THX ¢lYHKQHA 
B T04Kef=b norapH¢lMH4eCKY~ npOH3BOAHY~ /KOTOpa~ nponopqHOHanb
Ha TaK Ha3waaeMoi1 P-MaTpHqe/, TO 3HepreTH4eCKY~ 3aBHCHMOCTb 
3TOA npoH3BOAHOA YAaeTc~ xopowo annpoKcHMHpoaaTb BblpameH~eM 

c non~CHWM 4neHoM. np~-1 3TOM 3Ha4eHHe non~ca, HanpHMep An~ 3S1 -
COCTO~HH~, OKa3biBaeTc~ paBHbiM E

8 
=2, 16 f38. np~-1 3TOM 6blnO Bbl6paHO 

b =1 ,~~/¢lM B COOTBeTCTBI-11-1 C paC4eTOM paAHYCa 6Q-MeWKa no MOAenH 
MIT-bag . B paMKax 3T0.:1 me MOAenH 1-1 c TeM me paAHYCOM b no
ny4eHa 3HeprH~ 6q-cHCTeMwE 6 =2,16 f38. 3TO AaeT OCHOBaHHe nw
TaTbC~ HHTepnpeTHpoaaTb non~c P-MaTpHqbl KaK 3HeprH~ co6cTaeH
Horo COCTO~HH~ 6q-cHCTeMW BHYTPH o6nacTH ~ no-cy~eCTBY, TaKa~ 
napaMeTpH3aUH~ P-MaTpHqw c Hcnonb3oaaHHeM non~cHoro 4neHa no3-
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aon~eT onHcwaaTb AHHaMHKY npoqecca NN-pacce~HH~, He BBOA~ 
KaKOrO-nl-160 noTeHqHana B aAPOHHOM KaHane. np~-1 3TOM COOTBeTCT
BY~~He non~ca B S-MaTpHqe MOryT OTCYTCTBOBaTb, a 3Ha4HT, He 
6yAeT pe30HaHCOB B Ce4eHH~X pacce~HH~ HyKnOHOB. 

0AHaKo 3AeCb B03MOmHw 1-1 APYrHe T04KH 3peHH~. HanpHMep, 
Ha6n~AaeMWe oco6eHHOCTH B pacce~HHH HyKnOHOB MOryT 6WTb CB~3aHW 
CO cnomHOi1 CTPYKTypoA cneKTpa AH6apHOHa, B 4aCTHOCTH, C 60nb
woi1 nnOTHOCTb~ AH6apHOHHWX COCTO~HHA, KOTOpy~ npeACKa3WBaeT 
MOAenb MIT-bag 141, 1-1 6onbWHMH wHpHHaMH HX pacnaAa a NN-KaHan. 
~nH 3TO KHHeMaTH4eCKHe oco6eHHOCTH, BW3BaHHWe CHnbHOi1 CB~3b~ 
KaHanoa B TaKOi1 CHCTeMe. 80 BC~KOM cny4ae ~CHO, 4TO BOnpoc 0 
CB~3H KaHanoB ~Bn~eTC~ 3AeCb onpeAen~~~HM 3neMeHTOM TeOpHH. 
Ha 3TO o6pa~anocb BHHMaHHe a pa6oTax 151 , rAe AaaanHCb oqeHKH 
npHMecH 6q -cocTo~HHA a NN -cHcTeMe ~ WHPHHbl HX pacnaAa a HYKnoH
HwA KaHan Ha OCHOBe CB~3H aAPOHHWX H 6q-KaapKOBWX KaHanoa. np~-1 

3TOM paAHYC 6q -c~cTeMbl <r 2 > 112 =0, 95 ¢lM Bbi6Hpanc~ B COOTBeT
CTBHH C noTeHqHanbHOi1 MOAenb~ qq-a3aHMOAei1CTBH~ lei. no3AHee /?/ 

aHanorH4HOe ypaaHeHHe pewanocb a npeAnonomeHHH o -o6pa3Horo 
B3aHMOAei1CTBH~ KaHanoa Ha noaepXHOCTH 6q-MeWKaMIT C paAHYCOM 
b =1 ,44 ¢lM, npH4eM CHna B3aHMOAei1CTBH~ cnymHna napaMeTpOM. 3TO 
no3aon~no nocTpOHTb ¢leHoMeHonorH4ecKy~ MOAenb, rAe noaeAeHHe 
HyKnOHHOi1 ¢lYHKQHH B o6nacTH MeWKa 3aAaBanOCb C nOMO~b~ p
MaTpHUbl Ha rpaHHqe r = b, npH napaMeTpH3aQHH KOTOpoA KPOMe 
non~cHoro Hcnonb3oaanc~ e~e H cao6oAHWi1 4neH, ¢lHKCHpyeMwi1 no 
3HeprHH ca~3H AeATpoHa. Ha 3Toi1 ocHoae o6b~CH~nocb noaeAeHHe 
s- ¢la3 HYKnoH-HyKnOHHoro pacce~HH~ a HHTepaane 3HeprHi1 T~a6 . 
=0-515 M38. Te me AaHHWe o6b~CH~nHcb H a pa6oTe' 0

' a paMKax 
6nH3Koi1 no ¢lopMe MOAenH rpaHH4HWX ycnoaHi1, rAe napaMeTpH3aUH~ 
norapH¢lMH4eCKOA npOH3BOAHOi1 BKn~4ana e~e 1-1 nHHei1Hbli1 4neH 
no 3HeprHH, a HyKnOHW BHe rpaHHUW CWHBaHH~ ABHranHCb B none 
noTeHqHana OAHOnHOHHoro o6MeHa. 0Ka3anocb, 4TO cornacHe c 3Kc
nepHMeHTOM AaeT qenwA P~A Ha6opoa napaMeTpoa, cpeAH KoTopwx 
eCTb Ha6op C OTHOCHTenbHO ManbiM paAHYCOM b =1 , 20 <!>M H 6onbWOA 
3HeprHe.:1 non~ca E 6 =2, 24 f3B. TaKHM o6pa3oM, BHAHO, 4TO BbiBOAbl 
0 CTPYKType 6q-cHCTeMW B nOAXOAaX THna p -MaTpH4HOro 3aBHC~T 
OT Taro, KaKHe coo6pameH~~ 0 BHAe caMOi1 p -MaTPHUW 1-1 BXOA~~HX 

B Hee napaMeTpOB BHOC~TC~ B 3aAa4y KaK HCXOAHWe. 
,llpyroi:\ nOAXOA Ha OCHOBe p /HnH f /-MaTpH4HOrO ¢lopManH3Ma 

6wn pa3BHT B pa6oTe 191 , rAe Ka4eCTBeHHOe OnHCaHHe 3HepreTH4ec
KOi1 3aBHCHMOCTH ¢la3 HyKnOH-HyKnOHHOrO pacce~HH~ 6bln0 AOCTHrHyTO 
3a C4eT AHHaMH4eCKOA CB~3~ HyKnoH-HyKnOHHOrO KaHana C KaHanaMH 
Nil' NN * 1-1 llll 80 BHeWHei1 o6naCTH r ~b. npl-1 3TOM He 3aBHC~~He 
OT 3HeprHH f -MaTPHUbl 3aAaBanHCb B T04Ke b = 112 Il-l .:: 0, 7 ¢lM, 
OHH ~Bn~nHCb 3¢l¢leKTHBHWMH napaMeTpaMH H HaXOAHnHCb nyTeM cpaa
HeHH~ C 3KCnepHMeHTOM. 

8 AaHHOA pa6oTe MW AaeM pa3pa6oTKY MHKpOnOAXOAa, rAe HCnonb-
3yeTC~ ~BHW.::i BHA noTeHqHanoa KBapK-KBapKOBOro 1-1 HYKnoH-HyKnOHHO
ro B3aHMOAei1CTBH.::i. npH 3TOM C4HTaeTC~, 4TO MHOrOKBapKOBWe CHCTeMW 
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cy~ecT8Y~T 8 OCH08HOM 8 npeAenax Manoro paAHyca Rb nop~AKa 
paAHyca Kopa NN-cHn. TorAa, ecnH paccTo~HHe MemAY ~eHTpaMH 
T~meCTH HyKnOH08 60nbWe Rb, TO M~ HMeeM Aeno C 83aHMOAeHCT8y~
~HMH HYKnOHaMH, a 8HYTPH o6naCTH r < R b HMeeM He4TO 8POAe co
CTa8HOH /KOMnaYHA/ WeCTHK8apK080H CHCTeM~. 

B TeopHH C8~3aHH~x KaHano8 YA06Ho 8bi6HpaTb ¢YHK~HH 8HeWHHX 
H 8HyTpeHHHX KaHano8 opToroHanbH~MH. PaHee 161 M~ AOCTHranH 
3TOrO HCKn~4eHHeM HyKnoH-HyKnOHHOH npHMeCH 8 80nH080H <IJYHK~HH 
MKC. 0AHaKo Tpe6o8aHHe opToroHanbHOCTH He ~8n~eTc~ o6~3aTenb
H~M. oonee TOrO, <IJH3HKa ~8neHH~ TaK08a, 4TO <IJYHK~HH K8apK080rO 
COCTO~HH~ CHCTeMbl H ee HyKnOHHOrO COCTO~HH~ nepeKp~8a~TC~ 8 o6-
naCTH rpaHH~~ ,rAe H npOHCXOAHT 83aHMOAeHCT8He 3THX KaHano8. 
B AaHHOH pa6oTe M~ 6yAeM Hcnonb308aTb 3TO o6cTo~TenbCT8o. 
H HaKOHe~, 8 Ka4eCT8e KOHKpeTHOH 3aAa4H paccMOTpHM Sq-cHcTeMy 
Ha npHMepe nap~ 83aHMOAeHcT8Y~~HX HyKnoH08. B npHH~Hne, 
TaKa~ CHCTeMa MomeT o6pa308~8aTbC~ H 8HYTPH ~Apa. 06o6~eHHe Ha 
cny4aH 9q-, 12q -cHCTeM He 6yAeT 8CTpe4aTb npHHUHnHanbHbiX 
3aTPYAHeHHH. 

2. YPABHEHH.R CB.R3AHHbiX KAHAJlOB 

6yAeM pa38H8aTb noAXOA 8 AYXe TaK Ha3~8aeMoro HHTepnon~~HoH
Horo MeTOAa ~AepHoH ¢H3HKH 110•111 • An~ 3Toro H3 HCXOAH~x 
(3n-3) - OTHOCHTenbH~X KOOPAHHaT n K8apK08 CTPOHM 11 rno6anbHY~ 11 

KOOPAHHaTy, WHPOKO HCnOnbayeMy~ 8 MeTOAe rHnepc¢epH4eCKHX 
¢YHKUHH /l2!: 

-+ 
p = (p ' n 3n-4 ) ' 

2 ln_. -+2 
p = - I (r 1 - r J ) 

n 1> J 
n -+ -+2 -2 
I (r 1 - R) = n r ; 
i= 1 

n -+ 
R ... -.1. I r

1
, 

- n i= 1 

/la/ 

/16/ 

rAe r - cpeAHeK8aApaTH4H~H paAHYC MKC. EcnH CHCTeMa pa3AeneHa 
Ha A8a KnacTepa n1 + n 2 = n C COOT8eTCT8y~~HMH rno6anbH~MH KOOp
AHtlaTaMH p 1 H p2 , TO 

2 2 2 2 
p =pl +p2 +Z12' /26/ 

z12 = v nl n 2 In R 12 /26/ 

H Ha OTHOCHTenbHO 6onbWHX paCCTO~HH~X R12 MemAY ~eHTpaMH TRmec
TH KnacTep08 8enH4HHa p aCCO~HHpyeTCR C 3THM paCCTO~HHeM. 

npeACTa8HM 80nH08Y~ <IJYHK~H~ MKC 8 8HAe 

IJI =W +W .. ext. In. 
/3/ 

4 

3AeCb wiL eCTb <IJYHK~H~ THna KOMnayHA-CHCTeM~, onpeAen~~~a~ MKC 
80 8HYTPeHHeH o6nacTH /MewKa/: 

win I cAt/fA' 
A /4/ 

rAe tPA - co6cT8eHHble <!>YHK~HH TOH 4aCTH H0 nonHoro raMHiibTOHHaHa 
H, KOTOpa~ AeHCT8yeT 80 8HyTpeHHeH o6nacTH H COAepmHT nOTeHUWan 

VO =I Vij 83aHMOAeHCT8H~ K8apK08 i H j, TO eCTb 

Ho tjJ A = EA tjJ A ' /5/ 

BHyTpeHH~~ o6nacTb /ycno8HO p<p
0

/ 6yAeM onpeAen~Tb KaK o6nacTb 
noKanH3a~HH 8cex K8apK08 CHCTeM~. <llyHK~H~ Wext. xopowo onHc~-
8aeT MKC 80 118HewHeH 11 o6nacTH, rAe, HanpHMep, 8q -cHcTeMa 
pa3AeneHa Ha HyKnOH~ - KnacTep~, COCTO~~He H3 6eC~8eTH~X TpOeK 
K8apKo8: 

wext. = w (p) $ (p) ' 

-+ ,.. L ,.. -+ ...., 

w(p) = At2lz YLM(z)c/>1(pl)c/>2(p2)1. 

~ 

3AeCb A12 - onepaTop nepecTaH08KH K8apKo8, nPHHaAnema~HX 
KnacTepH~M <IJYHK~HRM cPt H c/> 2 • 3TH nocneAHHe eCTb peweHH~ 
HeHH~ THna /5/ An~ TpeXK8apK080H CHCTeM~ - HYKnOHa. 

!61 

171 

pa3H~M 

ypa8-

HTaK, HeH38ecTHbiMH 4acT~MH nonHOH ¢YHK~HH IJI R8n~~Tc~ K03<1J
¢HUHeHT~ CA, onpeAen~~~He npHMeCb HCTHHHO 8q -coCTO.RHHH CHCTeM~, 
H <IJ(p), wrpa~He ponb 80nH08~X <IJYHK~HH OTHOCHTenbHOrO A8HmeHH~ 
HyKnOH08. 3TH 8enH4HH~ onpeAen~~TC~ KaK peweHH.R COOT8eTCT8Y~~eH 
CHCTeM~ C8R3aHH~X ypa8HeHHH, KOTOpy~ MOmHO nony4HTb, HCnonb3Y~ 

ypa8HcHHe Ha nonHy~ <IJYHK~H~: 

(H - E) W = [ H0 + (V - V 0) - E] IJI = 0 . /8/ 

3AeCb V - T04H~H noTeHUHan, AeHCT8Y~~HH 80 8CeH o6naCTH npocT
paHCT8a p; 80 8HyTpeHHeH o6nacTH C4HTaeM ero co8naAa~~HM c Vo. 
noAcTa8n~~ 8 /8/ 8biKameHH~ /3/, /4/, yMHO>Ka~ ero cne8a Ha t/J~, 
HHTerpHpy~ no cJP = p dil dp , rAe A= 3n -4, H Hcnonb3Y~ /5/, 
nony4HM 

• 
(E A - E ) CA + ;_., CA , < tjJ A I v - v 0 \ tjJ A , > = /9/ 

= - (E A - E) < tjJ \ I w > - < tjJ \ I v- vo IIJI :> • 
" ext. " ~;x:t. 

3aMeTHM, 4TO ¢yHK~HH 8q-cocTO~HHH t/JA AeHCT8Y~T 80 8HyTpeHHeH 
o6nacTH p <Po , rAe V = V0 , a 3Ha4HT, MaTpH4H~H 3neMeHT 80 8TopoM 
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4neHe neeoH 4aCT~ /9/ eecbMa Man. no3ToMy, paccMaTp~ea~ cny~aH, 
KOrAa nnOTHOCTb ~ -coCTO~H~H cpaBH~TenbHO Mana, M~ MOmeM B006-
~e npeHe6pe4b 3T~M 4neHoM. TorAa An~ Ko3~~~~eHTa np~Mec~ c~ 
nony4aeM 

c~ =c1-r~= -y~-a~/(E~- E), /10/ 

rAe 

y~ =<1/1~ l'l' • >, ex •. /11a/ 

a~ =<1/1, IV-V
0

j'l' >. 
" ext. 

/12a/ 

B~AHO, 4TO ~ onpeAen~~Tc~ KaK nepeKp~T~eM $yHK~~H BHyTpeHHero 
~ BHeWHero AB~meH~H B C~CTeMe y~, TaK ~ MaTp~4H~M 3neMeHTOM 
nepeXOAa MemAY 3T~M~ $a3aM~ ~AepHoro Be~eCTBa a~. np~ 3TOM o6a 
MaTp~4H~X 3neMeHTa $opM~PY~T o6nacTb npocTpaHCTBa e6n~3~ noeepx-
HOCT~ p:: Po , rAe $YHKL\~~ 1/J~ ~ 'l' ext MaKC~ManbHO nepeKpbiBa~TC~. 

BblpameH~e /10/ ecTb nepeoe ~3 c~cTeMbl ypaeHeH~H, onpeAen~~~~x 
B3a~M03aB~C~MOCTb c~ 11 '~'ext • B AanbHeHWeM np~ aHan~3e HenpepbiB
Horo cneKTpa 8q -c~cTeMbl YA06Hee ~MeTb Aeno c HeCKOnbKO APYrOH 
$OPMOH 3TOrO ypaeHeH~~. C 3TOH 1.1enb~ B $yHK~~~ 'l' t = wfP) ~(p) 
~cnonb3yeM 3aMeHy 

dl(n) = r!.(n) ;J-;; .. . ' ... ' . ' ' 

rAe 
A_.+_. -+ 

p. = p f dOw (p) w (p). 

TorAa BMecTo /11a/, /12a/ 6yAeM ~MeTb 

rAe 

6 

Y~ =fdp¢(p)B;(p), 

a~ = (dp ¢ (p) o; (p), 

B~ 
_. A + 

f<ID P_ w 1/1~ 
yp. 

... PA + 
D ~ = ( dil -= w (V - V0 ) 1/I ~ 

yp. 

ex • 

1n1 

/14/ 

/116/ 

/126/ 

/15/ 

/16/ 

" 

np~ 3TOM ypaBHeH~e /10/ np~MeT B~A 

-(E ~ -E)c~ = f dp¢(p)D~ (p), /17/ 

rAe 

5 ~ = (E ~ - E) B ~ + D ~ • /18/ 

HTaK, MomHo C4~TaTb, 4TO nepeoe ~3 c8~3aHH~x ypa8HeH~A /17/ 
onpeAen~eT K03$$11~~eHT np~Mec~ ~CT~HHOH 8q-KOMnOHeHTbl 8 nonHOH 
80nH080H $YHK~~~ 6q-c~cTeM~. 

4To6bl nony4~Tb 8Topoe ypa8HeH~e, onpeAen~~~ee 80nHo8y~ $YHK
~~~ ~(p) OTHOC~TenbHOro A8~meH~~ KnacTepOB 8 aApOHHOM KaHane, 
YMHOm~M /8/ cne8a Ha w+ ~ npo~HTerp~pyeM no r~nepyrnaM dO 
8 npocTpaHCT8e p. TorAa 

... + A 

(dOw (T + V -- E) w • ~ = 
/19/ 

... + + + 
=-~ c~fdO(w (H0 -E~)o/~ +(E~-E)w !/lA +w (V-V0 )o/~l. 

~ 

3AeCb nep8oe cnaraeMoe 8 npa8oH 4aCT~ ~c4e3aeT e c~ny onpeAene-
::~~!'": '/-'A ':: !"'!'2'~~0~~~ ~'f-'~P?...,.P'-~IAR /5/ nrTrlnh~hiP c.nc:lraeMble noeo6oagyeM 

C nOMOI.IIb~ 3aMeHbl /13/. nony4aeM TOrAa 

A-> +A -
P f dil w (T + V - E) w~ = - ~ c ~ D ~ , 

YP. ~ 
/20/ 

rAe~~ AaHO 8~pameH~eM /18/. Tenepb 3aAa4a COCTO~T 8 TOM, 
4T06~ npoHeCT~ $YHK~~ID w(;) 8ne80 4epe3 onepaTOP K~HeT~4eCKOH 

,.. h2 
3Hepr~~ T =- -1!.-p /3Aecb m - Macca K8apKa/. HanoMH~M, 4TO 8 

2m 
-> 
P -npocTpaHcT8e 

1 
I!.--=!!. +-!!. 

P P p2 n 

TorAa ~MeeM 

1 a A a 1 
- ~(p -) + -!!. 
PA ap ap P2 n 

-> -> ""\ awa~ !!._. (w(p)~(p)) = ~(p)l!. ... w(p) + w(pJ!!. ~ + 2--
P P P ap ap 

/21/ 

/22/ 

7 



Aanee, nocne HecnmKHbiX BbiKJlaAOK nony4aeM 

A ~ + d2 
L (dOw wAp<l> = [-

2 
+X(p)]¢> + K 

..;-;; dp 
/23/ 

PA (dOw+ 2 ~w £!_ 
fi iJp iJp 

=- K, /24/ 

rAe HCnOJlb30BaHbl o603Ha4eHHR: 

1 L) , ---( -X(p) = - 2fi V ll /25/ 

-3 I 2 , .,~.. (1 A ll )( 1 , .,~.. .,~.. , ) 
K = IJ. IJ. 'I' -- - -j.L 'I' -IJ.'I' • 

p ll, 2 /26/ 

Tenepb aaMeTHM, 4TO e nonHbiH raMHJlbTOHHaH H= T + V BXOART cocTae-
Hble 4ac TH H (A) H H &2> , KOTOpble onpeAeJlRIOT BOJlHOBYIO ctiYHKI.IHIO 

HYKJlOHOB Ka K 3q - KJlaC TepOB: 

(k) 
Ho .Pk=M.Pk' k = 1,2. 

rAe M - Macca HYKJlOHa. TorAa 'Ha 6oJlbWHX paccTORHHRX, KOrAa 

KJlaCTepbl pa3AeJleHbl H p/Z =1, TaK 4TO 

~ L 
w(p) - z YLM¢>1 ¢>2, 

6yAeM HMeTb 

(H - E) w = [ H
12 

- (E- 2M)]w . 

3TO AaeT OCHOBaHHe BBOAHTb noTeHI.IHaJl 

A ~ A 

U = L I dOw+ (T + V- 2M)w = 
ll 

~ + 
(dOw (H-2M)w 

IdOw+w 

/27/ 

/28/ 

/29/ 

KOTOPbiH 3aBHCHT OT p H AJlR pa3AeJleHHbiX B npoCTpaHCTBe KJlaCTepoe 
HMeeT CMbiCJl noTeHI.IHaJla HX OTHOCHTeJlbHOrO ABHmeHHR. TorAa ypae
HeHHe /20/ MOmHO nepenHCaTb B BHAe 

h2 d2 -
(--- + U (p)- E)<f>(p) =- ~ c, D, , 

2m dp2 err A " " 
/30/ 

8 

., 

• 

,, 

rAe BBeAeHbl 3¢¢eKTHBHbiH noTeHI.IHaJl: 

2 , 
h2 - h ( ll ) , 

Uerr = U - 2ni"'X = U + 4mfi fi ' /31/ 

H 3HeprHR OTHOCHTeJlbHOrO ABHmeHHR KJlaCTepoe: 

E=E-2M. 

3¢¢eKTHBHbiH noTeHI.IHaJl /31/ HMeeT OC06eHHOCTb, CBR3aHHYIO C HaJlH-
4HeM 4JleHa, nponOPI.IHOHaJlbHoro X /eM. /25//. Ero Ka4eCTBeHHoe 
noeeAeHHe xapaKTepHo A11R cny4aR c6nHmeHHR HYKJlOHOB Ha Manble 

paCCTORHH.A. npH p-+ 0 HMeeM 1111 JL- ll 2 f+ 1 H X - f(f + 1) 
p2 

rAe f = ~ +K- 1, a K - HOMep npeAeJlbHOH rHneprapMOHHKH, orpaHH-

4HBaiO~eH 6a3HC BHyTpeHHHX ¢YHK1.1HH ~A AJl.A KOHKpeTHOH paccMaTpH
eaeMOH 3aAa4H. npH 3TOM f ecerAa 60JlbWe op6HTaJlbHOrO MOMeHTa 
e OTHOCHTeJlbHOro ABHmeHHR HyKJlOHOB. TaKHM o6pa30M, X AaeT 

MRrKOe OTTaJlKHBaHHe HYKJlOHOB Ha MaJlbiX paCCTORHHRX, o6yCJlOBJleH
HOe, eoo6~e roeopR, AeiicTBHeM npHHI.IHna naynH. B HacToR~ee epeM.A 
KSapKOBble nOAXOAbl n03BOJlRIOT Bbi4HCJlRTb TaKme cpeAHHH noTeHI.IHaJl 
N-N B3aHMOAeHCTBHR 0, KOTOpbiH 06b14HO TOme OKa3biBaeTCR OTTaJlKH
BaTeJlbHbiM Ha MaJlbiX paCCTORHHRX /13·16/, 

06cymAaR B 1.1e110M CHCTeMy ypaBHeHHH CBR3aHHbiX KaHaJlOB /17/, 
/30/, npe~Ae BCero OTMeTHM, 4TO ee OTJ1H4He OT aHaJlOrH4HOH cH
CTeMbl AJlR 3aAa4 RAepHOH ¢H3HKH COCTOHT B TOM, 4TO 3AeCb B npa
BOH 4aCTH HMeeTCR cnaraeMoe - (EA- E)BA , noRBJlRIO~eecR Ha-aa 
HeopToroHaJlbHOCTH ¢YHK1.1HH MKC H aAPOHHoro KaHana. 0Ho HrpaeT 
6oJlbWYIO ponb e Ol.leHKe 11 npHMecH 11 c A H WHPHH pacnaAa MKC e HYKJlOH
HYKJlOHHbiH KaHaJl. 8 npHHI.IHne, OAHH H3 eapHaHTOB HHTepnOJl.RI.IHOHHOrO 
nOAXOAa 1111 TaKme ¢opMyJ1HpyeT ypaeHeHHR AJlR CJly4aR HeOpTOrOHaJlb
HbiX ¢yHK1.1HH BHeWHeH H BHYTPeHHHX o6nacTeA, npH 3TOM B Ka4eCTBe 
Wext. Bbl6paHbl ¢YHK1.1HH CB060AHOrO ABHmeHHR KJlaCTepoe B Henpepble
HOM cneKTpe. TaKoA eapHaHT ypaeHeHHH 6onbwe nOAXOAHT AJlR 3aAa4H 
RAepHoA ¢H3~K~ o CTOJlKHoeeHHH TRmenblx HOHOB. AnR paccMaTpHeaeMoii 
HaMH 3aAa4H ypaBHeHHR /17/, /18/ H /30/ OKa3biBaiOTCR npaKTH4eCKH 

6onee YA06HbiMH. B 4aCTHOCTH, eCJlH ¢YHKI.IHH win.H wext. Bbl6paHbl 
Ha OCHOBe TaKHX MOAeJleH, 4TO HeOpTOrOHaJlbHOCTb HX BeJlHKa, TO 
npHMeCb, HanpHMep, 8q-CHCTeMbl B AeiiTpOHe led 1 2 6yAeT onpeAe-
Jl.ATbCR ¢opMynoA A 

I d 12 d 2 
cA = I I~; 'II dr I . /32/ 

nocKOJlbKY KBapKOBaR ¢YHK1.1HR B CJly4ae S-COCTORHH.A He MeHReT 3Ha
Ka BO BHyTpeHHeA 06JlaCTH H 6biCTpo naAaeT Ha ee rpaHHI.Ie, TO MOmHO 
npH6nHmeHHO 3nnHcaTb: 

9 



I e~ 12 
ro 

= (.i.ITr~ f 1 I ( 'I'd 47Tr
2

dr \
2 :: 

3 0 /32'/ 
fg d 2 2 

417 f \'1' \ r dr • 
0 

TaKoe e~pameH~e enepe~e 6~no npeAnomeHo A.H.6nox~H~es~M 
e 1957 r. 1181 AnR pac4eTa ~nyKTya~~~ Ae~TPOHa a o6nacT~ Kopa 
NN -c~n. Ce~4ac cTaHos~TcR RCH~M, 4To "RAePHbl~ ~nyKTOH 6nox~H
~eea11ecTb no cy~ecTey MHoroKeapKoeaR c~cTeMa. noame pac4eT 
Jed \2 no np~6n~meHHO~ ~opMyne /32/ c y4eTOM aHT~c~MMeTp~aa~~~ 
KBapKoe, np~HaAnema~~x pa3H~ HYKnoHaM, 6~n BblnonHeH e pa6o-
Tax 11 7, 181• Pac4eT np~Mece~ MKC c 4~cnoM KBapKOB n < 12 e ner4a~
w~x RApax c A< 4 no ny~6n~meHHO~ ~opMyne, aHanor~4Ho~ /32/, 
6btn CAenaH e pa6oTe 119 • 

Apyro~ npeAenbH~~ cny4a~ e~pameH~R /10/, KOrAa HeopToroHanb-
HOCTb Mana (Y,\"":'0) ~. 3Ha4~T, Jex\ 2 -"'"iaxi<Ex-E)\ 2 , 6~n 
~ccneAOBaH e /6/ • OpToroHanbHOCTb MOAenbHbiX ~YHK~~~ 'I' in. ~ 'I' ext. 
TaM npeAnonaranacb c caMoro Ha4ana. 0AHaKo Ha npaKT~Ke oKaa~eaeT
CR, 4TO np~ e~6ope YAa4H~x MOAene~ AnR ~YHK~~~ MKC ~ OTHOC~Tenb
Horo AB~meH~R HyKnOHOB nocneAH~e OKa3biBa~TCR HeOpTOrOHanbH~M~, 
np~4eM Y,\ ~ a A (E A- E) e /1 0/ MoryT ~MeTb OA~H ~ TOT me nopR
AOK een~4~H~. B 3TOM nnaHe ~cnonbaoeaH~e c caMoro Ha4ana ~cxoA
H~x ypaeHeH~~ /17/, /30/, nony4eHH~X AnR HeopTOrOHanbH~X ~YHK
~~~, oKa3bieaeTcR npaKT~4ecK~ 6onee onpaeAaHHbiM. H, HaKOHe~, 

OTMeT~M, 4TO, KaK noKa3biBaeT aHan~3 3KCnep~MeHTa no ~OpM~aKTOPY 
Ae~TpoHa np~ 6onbw~x nepeAa4ax ~Mnynbcat"~u/, wecT~KeapKoBaR 
np~MeCb Mana ~ COCTaenReT BCero HeCKOnbKO npo~eHTOB. Ho TOrAa 
BO BTOpOM ypaeHeH~~ /30/ npaey~ 4aCTb MOmHO OTfipOC~Tb, ~ M~ 

nony4~M o6bi4Hoe ypaeHeH~e Ae~TpoHa, rAe Uerr npo~e aero aaAaTb 
KaK ~eHoMeHonor~4eCK~~ pean~cT~4eCK~~ noTeH~~an NN -eaa~MOAe~
CTB~R. 

3. AHnJJHTYAA lliECTHKBAPKOBbiX COCTO.RHHtl B AEt1TPOHE 

KaK yme oTMe4anocb, np~ o~eHKe 8q-np~Mece~ e ocHOBHOM co
CTORH~~ Ae~TpOHa MOmHO ~CnOnb30BaTb TOT 3KCnep~MeHTanbH~H ~aKT, 
4TO ecn~ 3T~ np~Mec~ ~ cy~ecTBY~T, TO OH~, eoo6~e roeopR, o4eHb 
Man~, To ecTb lex \2 « 1. TorAa npaeaR 4aCTb ypaeHeH~R /30/ npe
He6pem~Mo Mana, ~ c~cTeMa ypaeHeH~~ /17/, /30/ pac~ennReTcR. 
B 3TOM cny4ae ypaeHeH~e /30/ on~c~eaeT o6~4HOe cna6ocBR3aHHoe 
COCTORH~e Ae~TpOHa, a ypaeHeH~e /17/, ~n~ /10/, ~CnOnb3yeTCR AnR 
pac4eTa np~Mec~ e1 Ha ocHoee nony4eHHO~ ~3 /30/ Ae~TpoHHO~ ~yHK
~~~. B AaHHOM cny4ae AnR npaKT~4ecK~x B~4~cneH~~ ~yHK~~~ np -
C~cTeM~ 'l'extJAOfiHO 3aAaTb B 3aB~C~MOCT~ He OT rnofianbHO~ KOOPA~-
HaT~ p ~ r~nepyr nos, a e o6bi4HOM e~e: 

'~'ext.= Anp[cf>ncf>p .;,np (r)], 

10 

/33/ 

7' 

I• 

rAe Ae~TPOHHaR ~YHK~~R e none ~eHoMeHonor~4ecKoro noTeH~~ana 
J/!np 3aB~C~T OT paCCTORH~R r ~emAY ~eHTpaM~ TRmecT~ HyKnOHOB

1 

a onepaTop aHT~C~MMeTp~aa~~~ Anp ecTb 

.... 
Anp 

1 ( .... - 1 - l p ) vrn i=d-,2,3 ij • 

J= 4,5,8 
/34/ 

.... 
3Aecb P iJ pean~ay~T o6MeH KeapKoe, np~HaAnema~~x pa3HbiM HyKno
HaM, B ~BeTOBOM 1 Cn~H-~30Cn~HOBOM ~ KOOPA~HaTHOM npocTpaHCTBaX, 
TaK 4TO 

"' ~ C "'SI "X 
pij = pij p ij p ij 

AHT~C~MMeTp~aa~~R '~'ext,np~ nepecTaHOBKe caM~x HYKnoHoe Y4TeHa 
B ~YHK~~~ OTHOC~TenbHOrO AB~meH~R: 

.Pnp (r) == u(r) _1_x - + w(r) l (2m1~t \1M) X y2 
r y1; M r It m /35/ 

rAe 

~1 1111) 
XI!=="" (2a1 2a2 J~t)(2r1 2'2 \Ir llla1r11ll~r2 

/36/ 
J = 1, I= 0, 

a !lJ ar eCTb Cn~H-~30Cn~HOB~e ~YHK~~~ HyKnOHOB C npoeK~~RM~ Cn~
Ha a ~ ~30Cn~Ha T COOTBeTCTBeHHO. CaM~ ~YHK~~~ HyKnOHOB 
c;(> n,p BKnl04a~T B cefiR C~MMeTp~4Hy~ npOCTpaHCTBeHHY~ ~ aHT~C~M
MeTp~4HY~ ~BeTOBy~ 4aCT~: 

4-+-+ c 
¢ n = Ill n (r 1 r 2 r 3) Ill n ; 

--+-+-+ c 
c;(>P = lllp(r 4r 5r 6 )wp , /37/ 

-> 

rAe f k - KOOPA~HaTbl COCTaBnR~~~X KBapKOB. BonHOBble ~YHK~~~ 3T~X 
KBapKOB B~6~paeM B B~Ae ~YHK~~~ rapMOH~4eCKOrO OC~~nnRTOpa: 

ll 3/2 ll 2 2 
llln == (IT) exp(- y(.f 1 + .;2 )) 

n 3/2 n 2 2 
Ill = (-) exp(--

2 
(71

1 
+ 71

2 
)) • p IT 

rAe KOOPA~HaT~ RKo6~ onpeAeneH~ KaK 
-+ -+ -+ -+ -+ -+ -+ -+ 

.f 1 = (r2 + r 3 - 2r 1 )/6 , T/ 1 = (r 5 + r 8 - 2r 
4
) /6 , 

/38/ 

/39/ 
11 



-e2 = <;a_~ )/2y3. 
... 
T/2 

... ... 
(r 8 - r 6 ) I 2y 3 , 

2 
H~me 6yAeM a~6~paTb napaMeTp fi=1 /f3B/c/ , 4TO AaeT 
11 KBapKOB~H 11 paA~YC HYKJ10Ha r .:'2/yO: 0, 4 CI>M ~ no3BOJ1ReT on~caTb 
AaHH~e ynpyroro pp 1211 ~ ep ~221 pacceRH~i1 np~ 6onbw~x nepeAaH
H~X ~Mnynbcax jq2 > 1 /f3B/c/2 np~ onpeAeneHHOM cnoco6e penR
T~B~3a~~~ BOJ1HOBOH CI>YHK~~~. OTMeT~M, 4TO np~ 3TOM 3Ha4eH~~ n 
3apRAOB~i1 cpeAHeKBaApaT~4H~H paA~YC HyKJ10Ha OKa3~BaeTCR MeHbWe 
3Kcnep~MeHTai1bHoro. AnR npaa~J1bHoro B~4~cneH~R nocneAHero Heo6-
XOA~Mo Y4eCTb BKJ1aA Me30HH~X nonei1, KOTOp~e AOJ1mH~ AOM~H~pOBaTb 

Ha cpaaH~TeJ1bHO 6onbw~x paccTORH~Rx 123 •241 . B HaweM cny4ae, 
np~ peWeH~~ 3aAa4~ 0 HYKJ10H-HYKJ10HHOM B3a~MOAe~CTB~~ ,y4eT Me-
30HH~X nonei1 OCYUieCTBJ1ReTCR 3aAaH14eM peaJ1~CHt4eCKOrO HYKJ10H
HyKJ10HHOrO noTeH~~ana BO BHeWHeH 06J1aCT~, TaK 4TO BO BHyTpeH
HeH OCTaeTCR TOJ1bKO KBapK-KBapKOBOe B3a~MOAeHCTB~e. 

Tenepb np~CTyn~M HenocpeACTBeHHO K pac4eTy ex -np~MeC~. 
AJ1R 3TOrO ~CXOA~M ~3 ypaaHeH~R /10/, rAe B nOJ1HOH 3Hepr~~ 
Aei1TpoHa E =2M H npeHe6peraeM ManocTbiO - 3Hepr~ei1 CBR3~ Aei1Tpo
Ha t =-2,23 M3B. TorAa 

c -co d x- x-Yx· /40/ 

rAe 

co 
flcJ.;Ir/1,* (V-V" )'1'_~. /41/ 

=- .. v 

X Ex -2M 

yd = flcJ.;Ir/1*'1' /42/ 
X X ext. 

3AeCb noTeH~~an B3a~MOAei1cTB~R V0 , onpeAeJ1RIOUI~~ BHyTpeHHee AB~
meH~e B 6q -c~cTeMe, a~6~paeM B B~Ae cyMM~ napHbiX ~q-noTeH~~a
noa 16!: 

8 
V = I V • viJ = vi~ 

r I /43/ 
0 i> J= 1 ij • +vii 

K ... ... 2 
V 0 =--0 XaXa (r 1 - r j) /44/ 

ij 2 i j 

V r = - (Xa ... ) (X a ... ) ij IL a i a j /45/ 

3AeCb A i -MaTp~~~ renn-MaHHa ~BeTOBOH rpynn~ SU(3) c· napaMeTp 
K c CBR3aH c fi COOTHOWeH~eM K = n 2 I (288m ) (h = c = 1) ~ np~ 
m q =0, 3 f3B ~ fi= 1 /f3Bfcj2 OK~3~BaeTCR paaH~M 1 . 16 · 10-2 f3B .3 na
paMeTp IL =25 H3B a~6paH TaK, 4T06~ on~c~aanocb ~BeToMarH~THoe 

pac111enneH~e N-~ Mace. 

12 

" 

) 

/\ 
I 

11cT~HHbiH noTeH~~an V B /41 I, Aei1cTBYIOUI~i1 so acei1 o6nacT~ 
npocTpaHCTBa, Bbl6~paeM ~3 cneAYIOUI~X coo6pameH~i1. C4~TaeM, 4TO 
B 06J1aCT~ BHyTpeHH~X AB~meH~H r< r0 , rAe J10KaJ1~30BaHa wecT~KBap
KOBaR CI4CTeMa, 3TOT noTeH~~aJ1 AOnmeH COBnaAaTb C KBapKOB~M 
noTeH~~anoM Vo /43/. B o6nacT~ me BHeWHei1 r > r 0 3TO ecTb noTeH
~~an, onpeAei1RIOUI~i1 AB~meH~e cenap~poaaHH~X HYKI10HOB- 3q-Knac
Tepoa. TorAa 

V=V0 8(r 0 -r)+[VM+. I V1J + .. I V 11 18(r-r0 ). /46/ 
l>j=1,2,3 1>]'=4,5,8 

rAe B Ka4eCTBe noTeH~~ana V~Aei1cTBYIOUiero MemAY ~eHTpaM~ TRmecT~ 
HYKJ10HOB, 6yAeM B~6~paTb KaKoi1-n~6o ~3BeCTH~H $eHOMeHOJ1or~4eCK~i1 
np -noTeH~~an. napaMeTp r 0 ~MeeT cM~cn paA~Yca noaepxHocT~ 

B HYKJ10H-HyKJ10HHOM KaHaJ1e, Ha KOTOPOH npo~CXOA~T nepeXOA HyKJ10-
HOB a 6q-cocTORH~e. CneAYeT om~AaTb, 4TO OH paaeH YABOeHHOMY 
KBa PKOBOMy paAI-!YCY HYKI10Ha f O : 2r N : 0, 8 CI>M. 

BHa4ane pacc4~TaeM aMni1~TYAY 6q-np~Mecr-~ AI1R cny4aR, KOrAa 
ace KBapK~ HaXOARTCR B s-cocToRH~~ /s6 -KoHCI>~rypa~~R/. TorAa 
CI>YHK~~IO BHyTpeHHero AB~meH~R KBapKOB MOmHO 3an~CaTb KaK 

r/1, = cl> cl> cl> 
1 
I CSI >, , 

"1 D p "1 /47/ 

rAe cJ>n,p 3aAaH~ COOTHOWeH~eM /38/, a cJ>, 3aB~CRUiaR OT KOOPA~HaTbl 
OTHOC~TeJ1bHOrO AB~meH~R 3Q-KJ1aCTepoB, eCTb 

3/4 2 cl>1 =(fi/417) exp(-Or /8). /48/ 

KaK ~ AO 3Toro, 6yAeM C4~TaTb, 4TO aHT~c~MMeTp~3a~~R no KBapKaM 
BHYTP~ HYKJ10HOB y4TeHa, no3TOMY RBHO B~n~C~BaeM TOJ1bKO 4aCTb 
onepaTopa aHT~C~MMeTp~3a~~~ no KBapKaM, np~HaAnemaUI~M pa3H~M 

KnacTepaM, To ecTb 

ICSI> X 
1 

3 1 C Sl 
= -==. · ~1 - I P P ) I CSI> 

y10 y10 k=1,2,S kt kl np 
t = 4,6,8 

/49/ 

3aMeT~M, 4TO AI1R 6q-c~cTeM~ napaMeTp fi 6 ~3-3a Aei1cTB~R Cl>aKTo
pa AiAj B noTeH~~ane /44/ HecKOJ1bKO OTJ1~4aeTCR OT ~TBeTCTByiO
Uiero napaMeTpa n 3 AI1R 3q-c~cTeM~' a ~MeHHO: fie= v} fia = 0,003. 

0AHaKO 3AeCb BCIOAY M~ 6yAeM npeHe6peraTb 3TOH pa3H~~ei1, C4~TaR, 

4TO fie= 0 S = fi. 
B ~Tore AI1R nepaoro cnaraeMoro aMnn~TYA~ /40/ HaXOAHM 

co (se) = c<M) + c<c) + c (r) 
1 1 1 1 /50/ 
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rAe 

c<M) =-_a_ (1-.!.. 
1 ylO a 

I B ) (M} V M 
k==1,2,3 kf 

1
1 ·(--) 

e = 4,t~,e .:\ 1 ' 

c (c) 
1 

"'- a -' I AiJ 'j K o-1 
vlO k,i=l,

2
,3 kt Bkfi ~ ( c ) 

£,j == 4,5,8 
2

.:\ 1 ' 

c (r) == - _a_ I A ij B !j I 
1 

• (.JL), 
1 ylO !,k==S,2,1 kf kt .:\1 

f, j == 4,6,6 
-M M V o=V (r 0); .:\ 1 ==EA.

1
-2M. 

/51/ 

/52/ 

/53/ 

/54/ 

3AeCb 48eT08ble (A), CnY1H-Y130Cni-IHHble (B) Y1 npocTpaHCT8eHHble (I) 
MaTpY14Hble 3fleMeHTbl Y!MeiOT CfleAYIOU4Y1i1 8Y1A: 

ij a a C 4 
Akf ==<CI-\A.JPktiC>=9"(381k -1)(38jk -1), 

Sl 1 
Bk • = <ell ell I P • I ell ell - ell ell > == - - , 

t. n p kt. n p p n 27 

r !~ . 
ij SI -> -> 1 7 Bk" = <ell ell I p k" u. u I ell ell - ell ell > = - -27 ' 

L np t.Ij np pn 
2 

27' 
(M) -"" VM(r) 

I 1 = v' 4rr f u(r)ell1 (r) -_-- r dr 
ro VM 

/55/ 

/56/ 

i = k, j == t ' 

i==k, Ut; i"k· j= e, 

i "k, u: t' 1571 

/58/ 

ij -"" ... ... ... ... 2... ... 2...... ... ... 2 
I 1 =v'4rr f u(r)rdr f d~1 d~ d7]1d772 ell

0 
(~1 ~2 )ellp(17 1 172)0(r 1 -rj) ell

1
(r),/59/ 

ro 
-oc 

I -=y4rrfu(r)cl>(r)rdr. 
1 r 0 1 

/60/ 

-+ ..... .... ..... -+ 2 
B MaTPY14HOM 3fleMeHTe /59/ AenaeM 3aMeHy (r 1 - r j) == (r + x 1 -Y j) , 
rAe lx 1 J - KOOPAY1HaTbl K8apK08 OTHOCY!TeflbHO LleHTpa OAHOrO HyKno-
Ha, a !y 1 J - OTHOCY!TeflbHO APYroro. 3TO AaeT MaTpY14Hble 3fleMeHTbl 
TY!na <I xf I>, 3a8Y1CRU4Y1e TOflbKO oT YIHAeKca i /Y1flY1 j /, 1-1 TY!na 
<lii;j~~ 3a8Y1CRU4Y1e OT A8YX Y1HAeKC08. nep8ble conp080mAaiOTCR 
~8eT08biMY1 MaTpY14HbiMY1 3fleMeHTaMY1,KOTOpble R8flRIOTCR CYMMaMYI no 
C8060AHbiM YIHAeKCaM, 1-1 no3TOMY o6pa114a10TCR 8 HYflb I A~~ =0. BTo-

j k 

14 

• 

pble TaKme pa8Hbl HyfiiO, nOCKOflbKY npOCTpaHCT8eHHaR ~YHK4Y1R CY1MMeT
PY14Ha, a COOT8eTCT8YIOU4Y1i1 onepaTOP He4eTeH. TaKYIM o6pa30M, Y!MeeM 

- -M 
c (M) = - V 10 ( ~) . I(~) (r o ) ; 

1 a ,:\1 /61/ 

0 ~c) == O; (r) __ 56 y'10 (L) I
1 

(r
0 

) • 
c 1 - 9 ,:\1 

Bb14Y1CflY1M Tenepb aMnflYITYAY nPY1MeCY1 AflR 
BonH08YIO ~YHK4Y110 ~A. san1-1weM 8 8Y1Ae 

2 

8q -KoH~Y1rypal.IY1Y1 [s
4

p 
2 

]. 

1 1 XCSI 
== - --(1- I P n ) ci> ell ell \ CSI> 

N
2 

y'lO kt. n p 2 np ~A.2 

rAe 

2 1 -N2 =1+--1 81 • 

-- 3/4 2 -Or2 /8 
cl>o == ya/2 (0/4rr) (l-Or /8)e 

HcnOflb3YR ~OPMYflbl /55/-/59/ Y1 COOTHOWeHY!e 

<ell ci> IP~ I ell ci> ell > ..,J.,ell 
np kt. np2 92 

HaXOAYIM 

-M 
(M) V (M)( ) c ==-(--)I 2 r 0 , 
2 ,:\2 

c (r) 
2 

c (c) 
2 

1L 580 ) ==- (-) -I2(ro ' 
,:\2 243 

-1 
= 18 (~)(I 14+ 126 _ 2115) == 

27 2.:\2 2 2 2 

128 '3 Kc o-1 

==- -y-(--) 11 (ro>· 
27 2 2.:\2 

!62/ 

/63/ 

/64/ 

!65/ 

!66! 
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npocTpaHCTBeHHWe MaTpH4HWe 3neMeHTW 12 OTnH4a~TCH OT 11 B 1581-
1601 3aMeHOH ~1~~2.eopMynw AnH eaKTopa HeopToroHanbHOCTH YA 
B 1401 HMe~T BHA 

r 1 "'y(s6)= v~0 y-:t;' ['~ 1 (r)u(r)rdr; 

~ 3 -oc 

r 2 =y(s"tJ 2)=y2y'4rr ( (l-Or 216)~ 1 (r)u(r)rdr. 
0 

B 4HCneHHbiX pac4eTax Mbl Bbl6panH AeHTPOHHY~ eyHKL.IHIC u(r) B none 
$eHoMeHonorH4ecKoro noTeHL.IHana. B Ka4eCTBe TaKoeoro 6wnH B3HTW 
nOTeHL.IHanw X~nbTeHa, noTeHL.IHan C TBepAWM KOPOM IPeAAI 1261 , 
noTeHL.IHan noMOHa-eew6axa 1261. HepenHTHBHCTCKaH OCL.IHnnRTOpHaH 
MOAenb C 6onbWHM napaMeTpOB 0 IManbiM paAHYCOM 11MeWKa 11

/ He npe
TeHAYeT Ha npaeHnbHOe onHcaHHe Mace M,EA. no3TOMY eenH4HHY 
~enH, pa3AenH~~eA aAPOHHYIC H KBapKOBYIC $a3W CHCTeMW, 6yAeM 
Bbi6HpaTb H3 6onee peanHCTH4eCKHX MOAeneA. TaK, pe3ynbTaTbl pac-
4eToe B paMKaX penRTHBHCTCKHX KBapKOBbiX MOAeneA /4,13/ AaiCT 
1'1 1 2 :s 270-350 M3B. 0cTaT04Hoe l.IBeToMarHHTHoe B3aHMOAeAcTBHe npH-
BOAHT K ·,·aMy, 4TO 1'1 1,1'1 2 

14•271 . Mbl Bbi6HpaeM HeKOTopoe ycpeA- " 
HeHHoe 3Ha4eHHe A =300 M3B, OAHHaKoeoe AnH o6eHx KOH$Hrypal.IHA. 
Pe3ynbTaTw pac4eToe npHBeAeHw e Ta6nHL.Ie. 

Ta6mn.~;a 

AMrrnHTYAbl wecTHKBapKOBbiX coc TO.f!HHH 

X!o.rJbT€H PeiiA J1oMoH-<I>em6ax 

co 
1 -0,082 -0,058 -0,070 

[ s6] -yl -0,29 -0,088 -0,062 

c1 0,37 -0,147 -0,132 

co 
2 f!-0,01 -0,033 -0,036 

[s4p2 J -y2 0,25 +0,24 +0,22 

c2 0,26 0,21 0,18 

16 

BHAHO, 4TO 3Ha4eHHH c A AnH noTeHL.IHanoe PeAAa H IloMoHa
$ew6axa 6nH3KH MemAY co6oi1, HO B OfiOHX cny4aRX OHH CHnbHO QT
nH4a~TCH OT 3Ha4eHHH, pacC4HTaHH~X AnH noTeHL.IHana X~nbTeHa, 
oco6eHHO AnH [s6J -cocTOHHHH. Aanee, BKnaA y B aMnnHTYAY cA 
eenHK H MomeT B HeCKOnbKO pa3 npeewwaTb BKnaA c~,oco6eHHO AnH 
6onee cnomHWX KOH$Hrypal.IHH. CyMMapHaH eepoHTHOCTb ABYX KOH$Hrypa-
1..1HH /c y4eToM HeopToroHanbHOCTH y I c2= c1_+ c: pasHa 6,6.10-2 , 
4TO, B o6~eM, cornacyeTCH c AaHHbiMH 3KcnepHMeHTOB no ynpyroMy 
ed -pacceHHH~ H KyMynHTHBHWM npol.leCCaM C 6onbWOH nepeAa4eH HM
nynbca/19~ a TaKme C TeopeTH4eCKHMH Ol.leHKaMH, nony4eHHWMH 
e APYrHx nOAXOAaX /13,17,181. OTMeTHM, 4TO 6e3 y4eTa HeopTo
roHanbHOCTH BenH4HHa 6q-npHMeCH OKa3wBaeTCR cy~eCTBeHHO MeHb
we: c2-= 0,5.10-2 . 

B 3aKn~4eHHe nony4HM e~e OAHY none3HY~ Ol.leHKY eenH4HHW ~ , 
xapaKTepH3YIC~eH CHny nepeXOAa MemAY aAPOHHOH H KBapKOBOH $a30H 
e np-cHcTeMe. AnR 3Toro, Hcnonb3YR /171 H 140/, 3anHweM 

co 
A 

fdpc/JD; 

l'lA 
/67/ 

Mw yme OTMe4anH, 4TO TaKOH $a30BWH nepeXOA HAeT npeHMy~eCTBeHHO 
B paHOHe noeepXHOCTH p "'Po HnH f•fo• npH 3TOM MaTPH4HWH 3neMeHT 
DA, onpeAenReMwA /16/, MomHo npeAcTaBHTb KaK 

D ~ = TJ , 8 (r - r n) • /68/ 
. . . ~ -

TorAa, noACTaBnRR !681 B /6 7 I c 3aMeHoi1 p ~ r H cp ~ u(r) H3 /351, 
MW llOny4HM Ol.leHKY napaMeTpa TJA , onpeAenRIC~ero cHnY nepexoAa 

TJ A = -cA · tl A I u(r 0 ). /691 

Bw6HpaH r ::: 0, 8 $M H noAcTaenRR c~Aa 1'1 A =300 M3B H c~ H3 Ta6nHL.IW 
0 p w 1\ AnH noTeHL.IHana eHAa C TBePAWM KOPOM,a TaKme 4HCneHHOe 3Ha4eHHe 

Aei1TpoHHOH ~YHKL.IHH u (r0 ) B T04Ke r 0 AnR 3Toro noTeHL.IHana, nony-
4HM 

TJA =12,8·10-2/r3B/ 112 : 
1 

TJA = 7, 26 · 1 0 - 2 /r3B/ 112 • /70/ 
2 

3Ta Ol.leHKa noHaA06HTCR B AanbHeAweM npH pac4eTe WHPHH pacnaAa 
6q -cHcTeMbl B NN-KaHan. 

4. W~P~H~ WECT~KBAPKOB~X COCTORH~~ 
B HYKnOH-HYKnOHHOM PACCERH~~ 

CHcTeMa ceH3aHHWX ypaeHeHHH 117/, /301 AaeT B03MOmHOCTb Ol.le
HHTb WHPHHW pacnaAa 6q-COCTOHHHH B NN-KaHan. 3TO BeCbMa eam-
HO AnH H3y4eHHH eonpoca 0 B03MOmHOCTH cy~eCTBOBaHHH IKBa3H-I CTa-
6HnbHOrO AH6apHoHa KaK Sq-cHcTeMw. B cBR3H c 3THM HanoMHHM, 4TO 
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06~4HaR K8apK08aR cneKTpOCKOnHR AaeT Hyne8~e WHPHH~ 6q-COCTOR
HH~, 8 TO 8peMR KaK o6pa60TKa 3KCnepHMeHTa npH80AHT K 3Ha4eHHRM 
WHPHH nopRAKa HeCKOnbKHX AeCRTK08 M3B. 

Cne~H$HKa peweHHR CHCTeMbl /17/, /30/ 8 o6nacTH Henpep~8Horo 
cneKTpa E > 0 cocTOHT 8 TOM, 4TO 86nH3H peaoHaHca E - EA ManocTb 
8enH4HHbl (E- EA) 8 ne8ol4 4acTH ypa8HeHHR /17 I AOil>KHa KOMneHcH
po8aTbCR 6oilbWHM /8oo6111e ro80PR, KOMnneKCHbiM/ cA. TaKHM o6paaoM, 
c caMoro Ha4ana Henb3R pac~enilRTb ypa8HeHHR /17/, /30/, KaK 
3TO 6b1Il0 8 CJly4ae C8R3aHHOrO COCTORHHR Dp -cHCTeM~. no3TOMy 
cpaay aanHweM o6111ee peweHHe ypa8HeHHR /30/ 8 8HAe 

~ (+) cp = X - .... CA gA • 
A 

/71/ 

rAe 

g~)= fdr'a<+h.r')DA (r'). 1721 

3AeCb H AaJlee Mbl AilR npocTOT~ nepeWJlH OT P K OTHOCHTeilbHOH nepe
MeHHOi4 r, 3aMeHH8, ecTeCT8eHHO, npH 3TOM m 8 /30/ Ha npH8eAeH
HY~ Macey cTailKH8a~IJIHXCR HYKilOH08. KpoMe Toro, M~ npeHe6peraeM 
cnaraeMb1MH THna yA (E-EA)' KOTOPble 8 pe30HaHCHO~ o6nacTH (E-.E.\.) 
HC4e3a~T. B /72/ $YHK~HR rpHHa a(+) Ile80~ 4aCTH ypa8HeHHR /30/ 
o.-JMeeT BHA 

a(+) (r,r') = y ~ 2~Jx(+) (r: ~(r'), 
'" ~ Lx(r)x';-1(r'), 

x(+)(r) = y.!.. (y(r) + ix(r)), 
2 

r > r', /73/ 
r < r'. 

/74/ 

rAe X, Y - COOT8eTCT8Y~IJIHe peryilRPHble H HeperynRpH~e 8 Hyne 
peweHHR ypa8HeHHR /3 0/ C C A =0, KOTOpoe npH r -> 00 HMe~T 8HA 

X = y ~ Sin (kr + 8 f - ..ti_) 
r->oc 17 2 

• 1 2 17 f y = v- cos(kr + Bt --). 
17 2 f-+00 

noACTa8IlRR /71/ 8 /17~ noJly4aeM CHCTeMy ypa8HeHH~ AilR 
/11,12/. 

TYA 

I[(E- E )8", + JAA,] cA, =a; 
>( A 1\1\ 

rAe 

JAA, = fdr o;(r)g~+; (r), 
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/75/ 

aMnnH-

/76/ 

1771 

• 

aA = JdrDxCr)x(r). 1781 

$yHK~I-1R cp(r) Ha 60JlbWHX paCCTORHHRX 8biXOAHT Ha aCHMnTOTHKY pac
CeRHHR, rAe AnR S -80I1H~ HMeeM 

cp (r) -
i -t8o [ -ikr 

--e e 
,;F.;"" 

3AeCb 

S 1 2i m77 ~ c a o* a= - --.:.. A A 
k A 

S 
218 0 

. 
- e tkr ] R e . 1791 

/80/ 

ecTb peaoHaHCHaR 4aCTb S -MaTpH~bl. EcnH D A ( r) annpoKCHMHpoeaTb 
$OPMYI10~ /68/, TO eCTb DA ( r) = TJA 8 (r - r O ), TO CHCTeMa ypa8HeHHi4 
/76/ pewaeTCR 8 RBHOM BHAe: 

rAe 

TJA Xo 
c A - --'-"'------

- (E -EA)(1- QI) 

I =-I lTJAI2 

A E- EA 

a= G(r
0

,r
0

) = m: (iX~+~ 0 y0 ); x
0

= x(r
0

), y0 =y(r
0

), 

a SR nony4aeTCR 8 8HAe aaMKHyToro 8~pa>KeHHR: 

SR = (1-G*I)/( 1-GI). 

/81/ 

/82/ 

/83/ 

B cny4ae H3on~-tpo8aHHoro peaoHaHca, KOrAa nonHaR 3HeprHR E cTa
H08HTCR 6nH3Kol4 K 3HeprHH wecTHK8apKo8oro ypo8HR E-+ EA , MaT
PH~a SR npHHHMaeT o6~4H~I4 peaoHaHCH~~ B~-tA: 

S = E- E,\ -BE,\ -ir,\/2 
R /84/ 

E- EA -8EA. +if'A/2 

19 



rAe WHPHHa peaoHaHca ecTb 

r 21 1
2 1 0 2mrr I I 2 x 2 _ _ 1 2m I 

1
2 x 2 

A = T/ A m = -- T/A o - 17 v - T/ A 0 ' 
k ~A 

/85/ 

a CA8Hr OTHOCHTeJlbHO 3Ha'-leHHfl E=E A pa8eH 

2 mrr 2 - .1 m 1 12 
8EA=I'TIAI ReO =-k I'TIAI x0 y 0 -rrvMA 'T/A X0 Y0 • !86! 

Anfl noily'-leHHfl '-IHCileHHbiX Ol..leHOK r A nOACTa8HM /70/ 8 /85/ H npHMeM 
2 - 1 <Xo>- nr' TorAa HMeeM 

r th (s
6

) :: 29 M3B, r th (s4p~=9, 3 M3B. 

3TH 8ei1H'-IHHbl OKa3bl8aiOTCfl HeCKOilb KO MeHbWe 113KCnepHMeHTailbHbiX 11
, 

•Ae r ::50-150 M3B. 0AHaKO CileAyeT noMHHTb, '-ITO 3Ha'-leHHe re~p exp 
3a8HCHT OT cnoco6a o6pa60TKH AaHHbiX H, 8 '-laCTHOCTH, 06bi'-IHO 
HCnOilb3yeMOrO npeAnOilO~eHHfl 0 TOM, 4TO Cy~eCT8yeT IlHWb OAHH 
AH6apHOHHbiH ypo8eHb. BeAb AO cHx nop pe3oHaHc 8 ce'-leHHH Henonfi
PH3o8aHHbiX '-lacTHI..I fi8Ho He o6Hapy~eH. HMeiOTCfl pe3ep8bl H 8 caMoH 
TeOpHH, HanpHMep, y'-leT C8fi3H C APYrHMH KaHailaMH 8 3TOH 06IlaCTH 
3HeprHH. 3AeCb 8 nep8yl0 O'-lepeAb 8a~Hbl KaHailbl NN*, NL\ H ~~. 

,jf\KJII\J'-1tHI1t 

HTaK, HaMH pa38HTa MOAeilb, Y4HTb18aiO~afl C8fl3b MHOrOK8apK080rO 
H HYKilOH-HYKilOHHoro KaHano8. B3aHMOAeHCT8He 8 nocileAHeM 3aAaeTcfl 
peanHCTH'-IeCKHMH HYKilOH-HyKilOHHbiMH CHilaMH, npH 3TOM o6nacTb 
AeHCT8Hfl Kopa HCKI1104aeTcfl - 8 HeH KapTHHa napHoro NN-83aHMOAeH
CT8Hfl 3aMeHfleTCfl npeACTa8IleHHeM 0 MHOrOK8apK080M 83aHMOAeHCT8HH. 

TaKHM o6pa30M, 8 paMKax eAHHoro nOAXOAa MO~Ho pacc'-IHTaTb KaK 
8epOfiTHOCTb MHOrOK8apK080H npHMeCH 8 RAPaX, TaK H WHPHHbl MHOro
K8apK08biX pe3oHaHC08 8 NN-paccef!HHH. npeHMy~eCT80 TaKoro noA
XOAa COCTOHT 8 TOM, 4TO OH He Tpe6yeT nepeCMOTpa OCH08HbiX no
IlO~eHHH TpaAHI..IHOHHOH fiAePHOH ~H3HKH. AeHCT8HTeilbHO, MHoroK8ap
K08bre KOMnOHeHTbl CKOHI..IeHTpHP08aHbl 8 MailbiX npocTpaHCT8eHHbiX 
06IlaCTRX,H npH HH3KHX 3HeprHfiX HX AeHCT8He 8 HYKilOHHOM KaHane 
MO~HO HMHTHP08aTb, 880Afl KOP NN-cHil. no3TOMY 8b180Abl TpaAHI..IHOH
HbiX fiAePHbiX MOAeileH, npeAnonara~HX HailH'-IHe IlHWb HYKilOHHbiX 
KaHai108 npH HCCileAOBaHHH OCH08Hb1X H 8036Y~AeHHbiX COCTOfiHHH f!Aep 
H f!AePHbiX pea KI..IHH c He6onbWOH I q 2 « 1 /f3B/ c/ 2 nepeAa'-leH HM
nynbca, OCTaiOTCfl 6e3 H3MeHeHHH. npH 60ilbWHX ~epeAaHHbiX HMnYilbCaX 
/q 2 ~1 (f3B/c) 2 ocH08HOH 8KilaA AaeT 06IlaCTb MailbiX paCCTOfiHHH, 
TO eCTb 06IlaCTb MHOrOK8apK08biX COCTOfiHHH, npH 3TOM MO~eT OKa3aTb
Cfl 8eCbMa 8a~HbiM npOfi8IleHHe HX CTpyKTYPHbiX oco6eHHOCTeH. BblnOil-
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HeHHbiH pac4eT noKa3bl8aeT, '-ITO npHMeCb WeCTHK8apK080H $a3bl 8 
A8YXHYKI10HHOH CHCTeMe OKa3bl8aeTCfl 6I1H3KOH K TOMY 3Ha'-leHHIO, '-ITO 
AaeT o6pa6oTKa 3KcnepHMeHTailbHbiX AaHHbiX no peaKI..IHfiM c 6oilbWOH 
nepeAa'-leH HMnynbca. Pa38H8aeMbiH noAXOA no380ilfleT 8bi'-IHCilfiTb TaK~e 

80IlH08ble ~YHKI..IHH 6011ee CilO)!(HbiX f!Aep C y'-leTOM MHOrOK8apK08biX 
npHMeCeH, 4TO AaeT OCH08Y KaK Ailfl nocTpOeHHfl TeopHH f!AePHbiX 
peaKI..IHH npH 60ilbWOH nepeAa'-le HMnyilbCa, TaK H Ailfl HCCileA08aHHfl 
npOfi8IleHHfl MHOrOK8apK08biX CHCTeM 8 CTPYKType CilO~HbiX f!Aep. 
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~OPKHH C.M., llyKbHHOB B.K., THTOB A.H. 
l!leCTHKBapKOBbie npHMeCH B ,!l;BYXHYKJIOHHbiX CHCTeMaX 

P2-82-913 

Pa3BHTa MOp;eJib, Y't!HTbiBaJO~aH CBH3b MHOrOKBapKOBOro H HYKJIOH
HYKJIOHHOrO KaHaJIOB B Hp;pax. llpH 3TOM B3aHMOp;eHCTBHe B MHOro
KBapKOBOM KaHane 3ap;aeTCH napHbWH KBapK-KBapKOBbWH CHJiaMH, 
a B HYKJIOHHOM KaHaJie - ~eHOMeHOJIOrH't!eCKHMH CHJiaMH, B Ka't!eCTBe 
npHMepa paCC't!HTaHhl BepOHTHOCTb WeCTHKBapKOBOH TIPHMeCH B p;eliT
POHe H WHPHHbl WeCTHKBapKOBbiX pe30HaHCOB B HYKJioH-HYKJlOHHOM 
pacceHHHH. 06c~aeTCH HX COOTBeTCTBHe BeJIH't!HHaM, H3BJieKaeMbiM 
H3 p;aHHbix 3KcnepHMeHTOB no ynpyroMy ed -pacceHHHJO, KYMYJIHTHB
HbiM npo~eccaM H p;aHHbW NN-pacceHHHH. 

Pa6oTa BbmOJIHeHa B lla6opaTOpHH TeopeTH't!ecKoH ~H3HKH OHHH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa RAePH~X HCCneAOBaHHH. ~y6Ha 1982 

Dorkin S.M., Lukyanov V.K., Titov A.I. 
Six-Quark Admixtures in Two-Nucleon Systems 

P2-82-913 

The coupled-channel model for multiquark and nucleon-nucleon 
channels in nuclei is developed. The quark-quark forces and the 
nucleon-nucleon phenomenological interaction are used for cal
culations. 

As an example, estimations of the probability for the six
quark admixture in a deuteron andof the widths of the six-quark 
resonances in the nucleon-nucleon scattering were done. These 
values are discussed and compared with those obtained from the 
corresponding experimental data on the ed-elastic scattering, 
cumulative processes and NN-scattering. 

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