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BBEAEHHE 

H3eecTHo, 4TO Hepen~THBHCTCKa~ noTeH~HanbHa~ MOAenb xopowo 
OnHC~BaeT cneKTP~ ~- H y-Me30HOB, npeACTaBn~~HX co6o~ CB~3aH
H~e COCTO~HH~ T~menoro KBapKa H aHTHKBapKa/ 11. 3TO H noH~THO, 
nOCKOnbKY pen~THBHCTCKa~ nonpaBKa <V 2/c2> COCTaBn~eT B 3TOM 
cny4ae MeHee 30% 12~ 6necT~~HM ycnexoM noTeH~HanbHO~ MOAenH Mom
HO Ha3BaTb TOT $aKT, 4TO npeACKa3aHHe e~ BenH4HH~ pac~enneHH~ 
Mace J/~ H 'T/c -Me30HOB KaK OCHOBH~X COCTO~HHH OPTO- H napa4ap
MOHH~ I CM. , HanpHMep, Is/ I 

M(1 3 S 1) - M(1 1S0) = ( MJ/~) 2 • 70M3B = 90.;. 140 M3B, 
2mc 

CTaBHBWeec~ BHa4ane nOA COMHeHHe B CB~3H C cy~eCTBOBaHHeM Me30Ha 
X 12,83/, npeAHa3Ha4aeweroc~ Ha ponb 'Tic, 6~no noATBepmAeHo no
cneAY~~HM 3KCnepHMeHTanbH~M o6HapymeHHeM pe30HaHCa B CHCTeMe CC 
c Maceo~ M., = 2981+6 M3B 141 H aaKpbiTHeM X 12,831. PeaynbTaT ·•c -
noTeH~HanbHO~ MOAenH cosnaAaeT TaKme c pac4eToM1~Ka3aHHoro pac
~enneHH~ Ha ocHoee AHCnepcHOHHoro MeTOAa e KXA . 

llpH nepeXOAe K CHCTeMaM, COCTaBneHHbiM H3 nerKHX KBaJJKUB -
I,._ , p-, ¢ -MeaoHaMI, npHMeHeHHe Hepen~THBHCTCKO~ TeopHH K onH
caHH~ cneKTpa Mace CTaHOBHTC~ HenocneAOBaTenbHbiM, nocKonbKY pe
n~THBHCTCKa~ nonpaeKa e 3TOM cny4ae cocTaen~eT 70790% 12~ OnHca
HHe cneKTpa MaCC nerKHX Me30HOB He fi~no CTOnb aKTyanbHbiM B ne
PHOA OTKPbiTH~ -~ H y-Me30HOB, nOCKOnbKY 3KCnepHMeHTanbHa~ CHTya
~HR "c HX paAHanb-H~MH 'B036ym,qeHHRMH OCTaeanacb He~CHOH, H motWb 
HeAaBHO 6blnH o6HapymeHbl ABa pe30HaHca C KBaHTOB~MH 4HCnaMH rr -
MeaoHa c Ma'ccaMH M11 = 1240.:t_30 M3B 161 H M11 = 1770.:t,40 M3B 171

• OT
MeTHM TaKme, 4TO HeT nonHO~ ~CHOCTH H C cy~eCTBOBaHHeM pe30HaH
ca p'(1250). 

OTKPbiTHe pe3oHaHcoe rr(1240)H rr(1770) nocTaBHno 04eHb eamHbl~, Ha 
Haw earnRA, aonpoc, KOTOPbiH AO CHX nop He o6cym~ancR AeTanbHO 
e pa6oTax, noce~eHHbiX onHcaHH~ 3THX pe3oHaHcoa 8"101• A HMeHHo: 
K KaKHM no C4eTy paAHanbHbiM B036ymAeHH~M rr-Me30Ha cneAyeT OT
HOCHTb 3TH pe3oHaHcbl7 RcHo, 4TO·OT peweHH~ 3Toro eonpoca aaeHcH
ycnex COBMeCTHOrO OnHCaHH~ cneKTPOB rr- H p-Me30HOB. 

HaH6onee ~PKO Heo6xoAHMOCTb nocTaHOBKH TaKoro eonpoca npo
~en~eTc~ npH CpaBHHTenbHOM aHanH3e cneKTPOB Mace, KOTOP~~ Mbl 
npHBOAHM B Tafin.l, HCnonb3YR HyMepa~H~ ypoeHe~ paAHanbHbiX B03-
6ym,qeHHH, npHMeH~ewy~c~ e pa6oTax /S-10/ In - HOMep cocTo~
HHRI. 
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Ta6nHI~a 1 

n M(n) /M3B/ 
TT 

M(n) /M3B/ 
p 

M(n) 
p - M<:> /M:1B/ 

0 139,6 769 630 

1240 1250 10 

2 1770 1600 -170 

3 ? 2150 ? 

3AeCb 6pocaeTCR a rnaaa peaKoe H3MeHeHHe aenH4HH~ pac~enneHHR 
Mace TT- H p -Me30HOB, o6ycnosneHHOe CnHH-CnHHOB~ BSaHMOAeHCTBH
eM, H, oco6eHHo, cMeHa aHaKa 3Toro pac~enneHHA /npH n = 2/, 4ero 
TPYAHO omHAaTb a KaKoi71-nH6o paayMHol7! MOAenH. AHanorH4Hoe cpas
HeHHe AnA CC-CHCTeM AaHO B Ta6n.2 Ill CBHAeTenbtTsyeT, XOTfl 
H Ha ManOM 3KCnepHMeHTanbHOM MaTepHane, 0 MeAneHHOM H3MeHeHHH 
cnHH-cnHHoaoro pac~enneHHA. 

Ta6J1Hua 2 

n M(n) 
'1c 

/M3B/ M ~) /M3B/ M <¢,> ;_ M <;~ /M:1B/ 

0 7QR1 1o<ln ~ q llf\ 

3590 3686,0 • 96 

C peweHHeM nocTaaneHHOro s~we aonpoca csftaa~. no-BHAHMo~, 
Te TPYAHOCTH, C KOTOpbiMH CTallKMBaiOTCA C~eCTBY10114He MOAenH 18"10 

npH onHCaHHl-1 rr- H p -cneKTPOB. 3AeCb cneAyeT YI10MfiHYTb pafiOTY 18~ 
B KOTOPoH B paMKaX MOAenl-1 C KOHTaKTH~ COHH-CnHH08~M B3aHMO
AeHCTBHeM 6wn111 pacc4HTaHw Maccw nepswx ABYX paAHanbHWX soa6ym
AeHHH TT-Me30Ha, OKaaaBWHeCft B HHTepsanax 1100+1190 M38 H 
1300+1500 M3B. MecTononomeHHe sToporo yposHA, npeACKaaaHHoro 
3TOH MOAenb~, He cornacyeTcA co aHa4eHHeM Mace~ o5HapymeHHOro 
n03AHee 3Kcnep!IIMeHTanbHO peaoHaHca. rr 1~1ll0+40). 0TMeTIIIM TaKme, 
4TO MeTOA paC4eTa cneKTpa rr-Me30HOB ' 76e3 CBR3111 CO CneKT
POM p-Me30HOB/, OCHOBaHHbiH Ha npaBHnax CYMM B XPOMOAHHaMHKe, 
He o6aACHfteT 4peas~4ai71Ho 6onbworo pac~enneHHA Mace Me*AY ocHos
HbiM cocT~fiHHeM rr(140) 111 npHHHMaeMWM aa nepaoe paAHanbHoe soa6ym
AeHHe COCTOfiHHeM rr(1240), 

OonomeHHe cy~eCTBeHHO MeHfleTCfl, ecnH M~ npiiiMeM HYMepaqHIO 
soa6ymAeHHH rr-MeaoHa, KaK noKa3aHo a Ta6n.3. 

PocToM pac~enneHHR AnA 2-ro H 3-ro cocTOAHHH a npeAenax 
OWHfiOK MOmHO npeHe6pe4b, H TOrAa Mbl nony4aeM B03MOmHOCTb nepexo
Aa K nnasHoMy HaMeHeHHIO senH4HH~ pac~enneHHA /KoTopoe npeAnona-
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raeT, 4TO Macca HeHasecTHoro HaM noKa nepaoro paAHanbHoro aoa-
6ymAeHHR AOnmHa nemaTb a HHTepsane 620+890 M38/. 

~pyraA B03MOmHOCTb AnR HCnpasneHHA nonomeHHA COCTOHT B TOM, 
4TOO~ OTKa3aTbCA OT cy~eCTBOBaHHR p (1260), HO C4HTaTb rr(1240) 
neps~M paAHanbH~M soa6ymAeHHeM /eM. Ta6n.4/. 

Ta6nHua 3 

n M(n) /M3B/ M(n) /M:1B/ M (n) - M(n) /M3B/ rr p p " 
0 139,6 769 630 

? 1250 ? 

2 1240 1600 360 

3 1770 2150 380 

Ta6nHua 4 

M(n) /M3B/ n M(n) /M3B/ M (n) - M (n) /M:1B/ rr p p rr 

0 139,6 769 630 
l?t.n If.()() 35C 

2 1770 2150 380 

B HaCTOA~e.:t pa6oTe M~ HccneAyeM cneKTpw Mace rr- H p -MeaoHos 
Ha OCHOBe peweHHA penATHBHCTCKOrO AHHaMH4eCKOrO ypaBHeHHA AflA 
COCTaBHbiX ABYX4aCTH4HbiX CHCTeM, B Ka4eCTBe KOToporo fiyAeM HC
nOflb30BaTb KBa3HnoTeHqHanbHOe ypasHeHHe AnA ~epMHOH-aHTH~epMHOH
HOH CHCTeMW, nony4eHHOe npH OAHOBpeMeHHOH ~~MynHpOBKe npo6neM~ 
CBA3aHH~X COCTOAHHH B KBaHTOBOH TeOpHH nonA 11,12/,KsaaHnOTeH
QHanbHbiH nOAXOA no ~OPMe HaH6onee 6nH30K K HepenATHBHCTCKOH 
noTeHqHanbHOH KapTHHe, OAHaKo nonHoCTbiO Y4HTwsaeT penATHBHCTCKHe 
3~eKTbl s HccneAYeMOH CHCTeMe. Ycnew~oe onHcaHHe cneKTPa TAmenwx 
MeaoHos s paMKax 3Toro noAXOAa 6wno nposeAeHo a pa6oTe 1 13~ 3Aecb 
Mbl AllA 77- H P -Me30HOB HCCneAyeM see TPH B03MOmHOCTH HYMepaqHH 
PaAHanbH~X B036y*AeHHH 3THX Me30HOB, H306pameHHble B Ta6n.1,3,4, 
H noKameM, 4TO TOnbKO ABe H3 HHX, a HMeHHO 3 H 4, MOryT 6WTb 
peanH30BaHW B paMKaX pe/lATHBHCTCKOrO ofi~eHHR noTeHqHanbHOH 
MOAellH, OCHOBaHHOrO Ha ABYX4aCTH4HOM OAHOBpeMeHHOM ypaBHeHHH. 
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K~A3WnOTEHUHAnbHOE YPABHEHHE 
AnH nAPUHAnbH~X BOnHOB~X $YHKUWA 

Kea3HnoTeH4HanbHoe ypaeHeHHe AflR eonHoeo~ $YHK4HH CBR3aHHoro 
COCTORHHR ABYX $epMHOHOB B peflRTHBHCTCKOM KOH$Hrypa4HOHHOM npocT
paHCTBe HMeeT CfleAY~~H~ BHA/ 14,15/: 

<M- H0)'1'<r> = v<f">'P<f">. 111 
rAe M- Macca CBR3aHHOrO COCTORHHR, ,...V ({) - KBa3HnoTeH4Hafl B3aHMO
Ae~CTBHR, a ceo6oAH~~ raMHflbTOHHaH H 0 . HMeeT BHA: 

. . !l (lA iJ ) 
Ho = 2mch(L\-iJiJ ) + ~sh(:L\.1....) + fJ,c/J e Tr , 121 

r r iJr mr2 

rAe .\=m-1 - KOMnToHoecKaR AflHHa eonH~ KeapKa. 
Pa3no*eHHe eonHoeo~ $YHK4HH no nap4HaflbH~M eonHaM npoeeAeM 

CTaHAaPTH~M o6pa30M C noM~b~ wapoB~X CnHHOPOB 1151 : 

r'l' (;) = 4rr I, Ill (j,s)(r) o.<s> (~) 131 , f Jfm • jt.m 

rAe ii = r I r, j H m - nonH~~ MOMeHT H ero npoeK4HR, s - cnHH, 
a f - op6HTaflbH~~ MOMeHT COCTaBHOH CHCTeM~. KBa3HnOTeH4HaflbHOe 
ypaeHeHHe 111 AflR nap4HaflbH~X BOflH HMeeT BHA: 

(M- H~f)) ·~~> (~' 8tr) = '!; v~;s>(r) 11>~! 8)(r). 141 
... 

rAe paAHaflbH~H CBo60AH~H raMHflb~OHHaH 

(IA..i_) 
e iJr 151 "(f) - 2mch(L\L) + __;:;~~ 

H 0 - iJr 

a nap4HaflbH~H KBa3HnOTeH4Hafl 

(J, s) +(s) ... ... (s) -+ 
Vff' (r) =JdcutiOjfm (n)V(r)OJf'm(n), 161 

npH'-IeM f H f' MOryT npHHHMaTb 3Ha4eHHR j- S,,,,, j +So 
8 Cfly'-lae B3aHMOAeHCTBHR cnHHOpH~X KBapKa H aHTHKBapKa KBa3H

noTeH4Hafl V(t} o6~1.1Ho npeACTaBnR~T e BHAe: 
... ...2 ...... ... ... 2 ... 2 

V(r) = V0 (r) + V88 (r)(2S - 3): VSL(r){SL) + VT(r)[8(Sn) - 2S ], /71 

rAe V c (r) OTBel.laeT 4eHTpaflbH~M CHflaM, V sa (r) - CnHH-cnHHOB~M, 
VsL (r) - cnHH-op6HTanbH~M, a V (r) - TeH30PH~M. B~LIHCflRR Tenepb 
naP4HaflbH~e KBa3HnOTeH4Ha~ 16;r KBa3HnoTeH4Hafla 17/, npHXOAHM 
K CfleAy~eH CHCTeMe paAHaflbH~X ypaBHeHHH/15/; 

.QnR CHHrfleTHOrO COCTORHHR S = 0, f = j : 

(M- H~f))ll>r 0>(r) = [V
0

(r) -3V88 (r)l~~>~' 0 )(r). 181 

4 
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·' 

• 
.,. 

,l\nR TpHnfleTHOro COCTORHHR S = 1, 
f = j - 1: 

(M- H~))ll>~+ 1 • 1 )(r) = [V
0

(r) + V
88

(r) + t v
8

L(r) - 2f VT(r)] x 
2f + 3 

8-''(t l)(t 2) 191 
x Ill (f +1,1) (r) - v + + V (r) Ill (l+1,1) (r); 

f= j: f 2f+3 'l' f+2 

(M- H ~f) )Ill if• 1>(r) = [ V c (r) + V 
88 

(r) - v
8
L (r) + 2V T(r)] Ill(~, 1tr) ; I 101 

t =j +1: 

(M - H ~t)) Ill ~-l,J(r) =[ V
0 

(r) + V sa (r) - ( t + 1)V
8
L (r) -

- 2(t + 1) V (r)] Ill (t -1,1) (r) - 8..; i("l:i) V (r) Ill (t- 1,1) 
2f-l T f 2f-l T f-2 

I 11 I 

8 HaCTOR~eH pa6oTe M~ HCCfleAyeM cneKTp paAHaflbH~X B036Y*Ae
HHH n- H p-Me30HOB, KOTOp~e npeACTaBflR~T Co60H CHCTeM~ C f = 0. 
.l\nR 3THX COCTORHHH H3 ypaBHeHHH /81 H /91 HMeeM; 

a <O,o> (O,o> 
[ M - 2m ch (L\-)] 11>0 (r) = [ V ( r) - 3V (r)] Ill 

0 
(r). 

iJr c ss 
112/ 

[M- 2m ch(L\~}]11>~1 ' 1 ) (r) = [V (r) + V (r)]II>S1•1>(r)- 2v'2 V_(r) ~!· 1tr)/B/ 
;;, ~ :: .., J. 1:. • 

EcnH npeHe6pe4b TeH30PH~MH CHflaMH, OTBe'-la~HMH 3a nepeXOA~ 
Me*AY COCTORHHRMH C pa3flH4H~MH t, TO o6a ypaBHeHHR 112/ H /131 
6YAYT 3KBHBaneHTH~ CfleAy~eMy ypaBHeHH~ AflR 4eHTpaflbH~X CHfl: 

[ M - 2m ch (L\ :r )] Ill (s) (r) = V(a)(r) Ill (s) (r). 114/ 

C KBa3HnOTeH4HaflaMH AflR CHHrneTHOrO H TPHnfleTHOrO COCTORHHH BHAa: 
(0) 

V (r)=V
0
(r)-3V

88
(r); 1151 

v<l) (r) .. vc (r) + v 88 (r). 

KBA3HKnACCH4ECKOE PEWEHHE PA.QHAnbHOrO 
KBA3HnOTEHUHAnbHOrO YPABHEHHR 

1161 

PeweHHe ypaeHeHHR 1141 e BK6-npH6flH*eHHH 6yAeM HCKaTb e BH
Ae1~1 

(a) u 0 (r) Ill (r) - expl-- + u
1

(r) + ••• I, 
i.\ 

117/ 

5 



T. e. B BHAe pa3no>KeHHR no cTeneHRM A = m -~ nocKOilbKY B o6bi4Hb1X 
eAHHH~ax A-~. B pe3yilbTaTe, orpaHH4HBaRcb ABYMR HH3WHMH nopRA
KaMH no A, HeTPYAHO nony4HTb cneAY~He ypaeHeHHR: 

ch u 0 (r) 
M- V (s)(r) 

/18/ 2m 

u" h ' 2o' 0 c 170+ 1 shu~= 0. /19/ 

BBeAeM 0603Ha4eHHe u0 (r) =)((f), TOrAa C T04HOCTbiO AO KOHCTaHTbl 
HMeeM: 

u0 (r) = fdrx(r), /20/ 

1 u
1 

(r) =- 2 1n sh x (r) , /21/ 

M-v<s>(r) 
np~o~LteM chx(r) = ____ ;.....;.. 

2m 
/22/ 

OTKYAa 3aKI1104aeM, 4TO cliYHK~HIO )((f) MO>KHO HHTepnpeTHpOBaTb KaK 
KilaCCH4eCKyiO peilRTHBHCTCKYIO 6biCTPOTY KBapKa, ABH>K~erOCR 8 none 
noTeH~Hana V (s) (r). To4KH noeopoTa, oLteBHAHO, onpeAeilRIOTCR KaK 
pew.eHHR ypaBHeHHR 

M- v<•>(r) =2m. 

BonHoBaR cliYHK~HR /17/ Tenepb HMeeT BHA 

ciJ <•\r) _ exp I im f c1r x (r).!.. • 

...; shx (r) 

/23/ 

124/ 

p aCCMOTPHM npOH3BOilb HbiH 11BOPOHK006pa3HbiH 11 KBa3HnOTeH~Ha11 
V(B)(r), H306pa>KeHHbiH Ha PHC.l. noeeAeHHe chx(r), onpeAeilReMoe 
cllOPMYilOH /22/, a 3TOM cny4ae H3o6pa>KeHo Ha p~o~c.2. To4Ka noeopoTa 
rt onpeAenReTcR ypaeHeHHeM /23/, H np~o~ r <r1 pacnonO>KeHa Knac
CH4eCKH AOCTynHaR o6nacTb. KpoMe Taro, H3 /24/ Mbl 3aKI1104aeM, 
4TO HMeeTCR e~e OAHa CHHrynRpHaR T04Ka /rAe HecnpaaeAilHBO KBa3H
KilaCCH4eCKOe np~o~6nH>KeHHe/, onpeAenReMaR ycnoa~o~eM X (r2 ) = itr. 
TaKHM o6pa30M, BCR KOOPAHHaTHaR OCb pa36HBaeTCR Ha TPH HHTep
Baila: 0 < r < r 1 , r 1 < r < r 2 H r 2 < r < ... , rAe cneAyeT onpeAeilHTb 
KBa3HKilaCCH4eCKHe peweHHR H 3aTeM npoeeCTH HX CWHBaHHe. 

RcHo, 4To a KilaCCH4ecKH AOCTynHOH o6nacTH 0 < r < r 1 Mbl HMe
eM ABa AeHCTBHTeilbHbiX peweHHR x(r) = ±x 1 (r) ecneACTBHe ABY3Ha4-
HOCTH o6paTHOrO rHnep60I1H4eCKOrO KOCHHyca B ypa&HeHHH /22/, 

(sl. 
)( (r) = arch M - V ·tr) 

2m 

6 

/25/ 

~ 

L.. 

L.. )<. - L:. 
U) u ........ 
> 1 

0 0 
r r 

-1 

PHc.l PHc.2 

X-3 -
- -

PHc.3 
x., x, 

B o6nacTH r > r 2 peweHHR ypaaHeHHR /22/, 04eBHAHo, 6YAYT HMeTb 
BHA x(r) = irr ± Xs (r), rAe 

v<s>(r) - M x 8(r) = arch !26/ 
2m 

B KnaccH4eCKH 3anpeTHOH o6nacTH r 1 < r < r 2 peweHHe 6yAeT 4HCTo 
MHHMbiM X (r) = 1 x 2 (r), npH4eM 

cosx
2

(r) = M-:m<•>(r) 0<x
2
<rr. /27/ 

TaKHM o6pa30M, npH H3MeHeHHH KOOPAHHaTbl r oT 0 AO oo, eenH4HHa 
X(~ B KOMnileKCHOH nilOCKOCTH nPOXOAHT KOHTyp, H3o6pa>KeHHbiH Ha 
PHC.3. 

CWHBaHHe peweHHH nyTeM BbiXOAa B KOMnileKCHYIO nnocKOCTb )( npH
BOAHT K CileAY~HM Bblpa>KeHHRM AilR BOilHOBOH cliYHK~I!IH /24/.B KilaCCH-
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4eCKI-1 AOCTYnHOH 0611aCTI-1 0 < r < r 1 : 

r1 

ci>(s)(r)= c sinlmjdrx 1 (r)+~l J shx 1(r) r 
4 

B o6nacTI-1 r 1 < r < r 2 

ci>(s) (r) =--;::c=====- expl- m f dr x
2

(r) I. 
2 J sinx (r) r1 

2 
11, HaKOHeLI, 8 0611aCTI-1 r > r 2 : 

1281 

1291 

r " r2 
--;:==c==- cos I m J drx (r) +-I expi-m J drx 2(r)- rrm(r-r 2) I. 
Jshx 3 (r) r2 3 4 r1 1301 

ci> (s) (r) 

113 rpaHI-14Horo ycll081-1R ci>(s)(O) ,o 1-1 8~Pa*eHI-!R 1281 nony4aeM ycno-
81-!e K8aHT08aHI-IR yp08Hei1 111,1S/: 

r1 3 . 
m f drx 1 (r) "'rr(n + 4 ), n"' 0,1, ... , 

0 

1311 

rAe x 1 (r) onpeAellReTCR <t>opMynoi1 1281 , a T04Ka no8opoTa - ypa8He
HI-IeM 1231. Ycno81-1e 1311 R811ReTCR o6o~eHI-!eM l-138ecTHoro npa91-111a 
K8aHT08aHI-IR 6opa-30MMep<!>ellbAa Ha Clly4ai1 pellRTI-181-!CTCKI-IX CHCTeM. 
0Till-141-1e OT HepellRTI-18HCTCKOrO npa81-!lla K8aHT08aHI-IR COCTOI-IT 8 TOM, 
4TO nOA 1-!HTerpallOM 8 <!>OPMYile 1311, 8MeCTO 1-!MnyllbCa K8apKa CTOI-IT 
ero pellRTI-181-!CTCKaR 6~CTOOTa. 

PAC4ET CnEKTPOB PA~I1AnbH~X B036Y!~EHI1A 
rr- 11 p -ME30HOB 

B~4HCileHHe Mace rr- 1-1 p-Me3oH08 npo80AI-1110Cb c noM~b~ <!>OpMy-
11~ /31 I. B Ka4eCT8e LleHTpallbHoro K8a31-!noTeHLIHalla V c (r) 6~11 8~-
6paH K8a3HnoTeHLIHall ClleAy~ero 8HAa: 

a I .\r 
V (r) "'-- + 2 0 r wr 

132/ 

T.e. AllR 3anHpa~ei1 ero 4aCTH paccMaTpH8alloCb A8a 8apHaHTa: nH
Hei1H~i1 H OCLIHilllRTOPH~H. npHCYTCT8He KYI10H08CKOH 4aCTH C8R3aHO 
C Heo6XOAHMOCTb~ npa8HilbHO nepeAaTb n08eAeHHe 83aHMOAeHCT8HR 
Ha Mall~X paCCTORHHRX, COrllaCy~eeCR C K8aHT080H XPOMOAHHaMH
Koi1119~4TO KacaeTCR Cni-!H-cnHH080rO 83aHMOAei1CT8HR, TO OHO nep8o
Ha4allbHO C4HTallOCb He 3a8HCR~HM OT paCCTORHHR: 

V (r) "' v0 "' const. 
88 

/331 

Boo~e r080pR, eCilH He C4HTaTb, 4TO KOHCTaHT~ 83aHMOAeHCT8HR 
a , ,\ , w, paccMaTpH8aeM~e KaK c8o60AH~e napaMeTp~ MOAellH, MoryT 
6~Tb pa311H4H~MH AllR rr- 1-1 p-Me30H08, TO TaKOH noTeHLIHall npH80-
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AHil 6~ K nocToRHHoi1 8ellH4HHe cnHH-cnHH08oro pac~enneHI-IR AllR 
paAHallbH~X 8036Y*AeHHH rr- H p-Me30Ha,4TO He COrllaC08~8allOCb 6~ 
C Ha611~AaeM~MH cneKTpaMH. no3TOMY npH o6pa60TKe AaHH~X M~ n0380-
11RilH 3THM napaMeTpaM 6~Tb pa3111-14H~MH AllR rr- H p-Me30HHoro 
cneKTP08 4TO 3K8H8alleHTHO Aony~eHI-1~, 4TO noTeHLII-Iall V88 (r) 

' 6 /20/6 ~-!MeeT CTPYKTYPY 1321. 3aMeTHM, 4TO 8 pa oTe ~110 noKa3aHo, 
4To 88eAeHHe 3a8HCHMOCTH 3anHpa~ero noTeHLIHalla OT nollHOrO CnH
Ha A8YX4aCTH4HOH CHCTeM~ n038011ReT XOPOWO OnHCaTb cneKTP~ MaCe 
TR*ell~X Me30H08. Ta *e 803MO*HOCTb 8KilaAa 3anHpa~ero noTeH
LIHalla 8 cnHH-CnHH080e 83aHMOAeHCT8He npeAnOilaraeTCR H 8 MOAellRX, 
rAe 6pei1T-<!>ePMHe8CKHH noTeHl.IHall 83aHMOAeHCT8HR K8apKa H aHTH
K8apKa CTPOI-ITCR KaK <I>YPbe-o6pa3 peryllRPH308aHHOrO TeM H/11-1 HHWM 
cnoco6oM npH Man~x Q2 nponaraTopa OAHOrll~OHHoro o6MeHa 

12 ~1 • 
KynoHonoA06HaR 3a8HCHMOCTb cnHH-cnHH08oro 83aHMOAei1cTBHR, KaK 
H38eCTHO OTCYTCT8yeT 8 311eKTPOAHHaMH4eCKOM noTeHl.IHalle 6pei1Ta
<!>epMH, r~e OHO nponOPLIHOHallbHO 8(;) -<!>YHKLIHH IKaK <I>YPbe-o6pa3 
a .... . ;; ; I Ho, nocKOilbKY 8 KX~ M~ HMeeM Aello c 6ery~ei1 KOHCTaH-

K->A 1 2 • 2 w Q 2 A 2 I -Toi1 C8R3H a KXA"' a (Q ) lperynRpH308aHHOH npH "' w , cnHH 
cnHH080e 83aHMOAeHCT8He MO*eT Y*e HOCHTb He T04e4H~H, THna 8(~, 
a AallbHOAeikT8Y~Hi1 xapaKTep IKaK <I>YPbe-o6pa3 a~~~·(Q ) ;;1 i/2 I • 
o 4eM C8HAeTellbCTB08allO 6~ pa311H4He napaMeTpOB noTeHLIHalla 1321 
ap H arr, KOTOp~e M~ npH <!>HTe AaHH~X 6yAeM C4HTaTb He3a8HCI-IM~MH. 

KaK Y*e roaopi-!llOCb 80 88eAeHHH, HaMH 6~11H npoaHallH31-1P08aH~ 
pa311H4H~e cnocofi~ HyMepal.IHH Ha611~AaeM~X paAHallbH~X 8036y*AeHI-IH, 
COOT8eTCT8Y~He Ta611.1,3 H 4. B pe3yllbTaTe o6pa60TKH HMe~HXCR 
AaHH~X M~ npi-!WilH K ClleAY~HM pe3yllbTaTaM. 

1. EcnH 3a<I>HKcHpo8aTb 3Ha4eHHR Mace nep8~X Tpex ypo8Hei1 rr
Me30H08 H p-Me30H08 corllaCHO Ta6n.1, TO <!>HT AaHH~X He HAeT, 
T.e. HH npH KaKHX pa3yMH~X 3Ha4eHHRX napaMeTp08 K8a3HnOTeHl.ll-la
lla He YAaeTcR onHcaTb 3TH cneKTP~ <!>OPMY110i1 1311. EcnH *e He 
<!>HKCHP08aTb Macey rr-ypo8HR C D"' 2, TO H3 <!>OPMYil~ 1311 AllR 
Hee nony4aeTCR 3Ha4eHHe 2178 M3B l8apHaHT wr 2 /, HllH 1974 M3B 
18apHaHT .\r I, 4TO He COrllacyeTCR C 3KCnepHMeHTallbH~M 3Ha4eHHeM 
M"(1770 ±40). 

2. EC11H npOHYMepo8aTb paAHallbH~e 8036Y*AeHHR 8 COOT8eTCT8HH 
C Ta611.3, HO He <!>HKCI-IP08aTb Macey rr-ypo8HR C D "' 3, TO AllR 
Mace~ rr-ypo8HR C D"' 1 M~ nolly4aeM AllR OCLIHilllRTOpHOrO noTeH
l.IHalla npeACKa3aHHe M ~1 > "' 760 1138, a M ~S) oKa3~8aeTcR pa8H~M 
1700 M3B. 

npH 3TOM nolly4eH~ ClleAY~He 3Ha4eHI-IR napaMeTp08: Wrr"' 0,130, 
wp= 0,092, mq"' 0,478, arr"' 1,72, ap"' 1,67. OT:~Aa 8HAHO~ 4TO 
cnHH-cnHH080e 83aHMOAeHCT8He He HMeeT KYI10H08CKOH 4aCTH (arr- a p) 
H 1.1e11HKOM onpeAellReTCR 3anHpa~~HM noTeHLIHalloM. EcnH *e 3a<!>HKCH
P08aTb 3Ha4eHI-IR Mace rr- H p-ypo8Hei1 cornacHo Ta6n.3, TO 8 cny-
4ae OCLII-IIlllRTopHoro noTeHl.ll-lana nony4aeM npeACKa3aHHe M~> 
"' 710 M3B. 
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3. EcnH M~ OTKameMCfl OT cy~eCTBOBaHHfl p(1260) H npoBeAeM Hy
Mepa~H~ ypoaHeH cornacHo Ta6n.4, aa$HKCHpoaaa Mace~ n- ypoaHeH 
C D = 0, 1 , 2 H p -ypoaHeH C n = 0, 1 , TO cneKTP~ TaK>Ke 6YAYT xo
powo onHc~aaTbCfl $opMynoH /31 I, npH,4eM AflR p -ypoaHR c n = 2 
M~ nony4HM aHa4eHHe Mace~ M ~2) = 2180 M3B (cur 2 ) HflH 211 0 M3B 
(Ar), a xopoweM cornacHH c Ta6nH4H~M 3Ha4eHHeM 2150 M3B. 

TaKHM o6pa30M, Ha OCHOBe npoBeAeHHQrO aHaflH3a M~ npHXOAHM 
K B~BOAY 0 TOM, 4TO ecnH p (1250) cy~eCTByeT, TO 17 (1240) RBflReTCR 
BTOP~M PaAHaflbH~M B036Y>KAeHHeM, H AOfllKeH cy~eCTBOBaTb pe30HaHC 
C KBaHTOB~MH 4HCflaMH 17-Me3oHa H MaCCOH B paHOHe 700 M3B, Ra
flR~eHCR nepa~M paAHanbH~M aoa6Y>KAeHHeM. EcnH >Ke oKa>KeTcR, 4TO 
17(1240) flBflReTCR nepB~M paAHaflbH~M B036Y>KAeHHeM, TO 3TO HanaraeT 
aanpeT Ha cy~ecTaoaaHHe p (1250). 

B COOTBeTCTBHH C 06Cy>KAeHHeM 3KcnepHMeHTaflbHOH CHTya~HH 80 
BBeAeHHH M~ OCMeflHBaeMCR YTBeP>KAaTb, 4TO 3TH B~BOA~ He aaBHCRT 
OT B~6opa MOAeflH KBa3HnOTeH~Hana, H flHWb npeACKa3~BaeMaR 3AeCb 
aenH4HHa Mace~ nepaoro paAHanbHoro aoa6y>KAeHHR 17-MeaoHa a KaKoH
TO CTeneHH 6yAeT 3aBHCeTb OT KOHKpeTHOH $OPM~ KBa3HnOTeH~Hana. 

AaTop~ a~pa>Ka~T HCKpeHH~~ 6naroAaPHOCTb aKaAeMHKY A.A.nory
Hoay aa HHTepec K pa6oTe H ~eHH~e aaMe4aHHfl, a TaK>Ke A.6.foaop
Koay H A.B.CHAOPOBY aa·noneaH~e o6cy>KAeHHR. 
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H3A8TenbCKHH OTAen 06~eAHHeHHoro HHCTHTYT8 RAePHbiX HCCneAOB8HHA 

M••~•"" Q.M. " AP· P2-83-727 
0 IOSMD*HOCTH C~eCTBQBaHMR HOBWX PaAHan~HWX BOI~Y*AeHH~ CHCTeM, 
COCTaaneHHWX HI nerKHX ~BaPKOB 

4en~a pa&oTW RBn~TCR HIY~8HMe BOIMO*HOCTM C~8C1BOBaHMR HOBWX PaAHan~ 
HWX BOI&Y*A8HHM w-H8aOHa, PaCCMaTPHBeeMOrO KaK CBRiaHHoe COCTORHHe KB&PKa 
H 8HTHKeapKa. 4nR OnHC&HHR ~BRiaHHOrO COCTORHMR ABY~ nerKMX KBaPKOB HCnOn~-
3Y8TCR penATHBHCTCKoe KBaaMnoTeH~"-"~HOe ypaaHeHHe, KOTOPoe pew&eTCR M8TO
AOM 8K6. KaeaMnOTeH~Hen lw6HPI8TCR 8 'MAe CyNMW KynoHOICKOrO H aanMpa .. ero 
/nMHeMHOro HnM OC~HnnRTOPHOro/ noTeH~enoa, nyTeM COBMeCTHoro tHTa cneKT
poa ~ " P-HeaOHHWX paAMen.,HWX eeaGYI!NIHMA yCTaHOaneHO, ~To a cny~ae cy
llleCTIIOeaHHf! 11 '(1810) peaOHaHca nep•oe p-.qttaii~HOe aoat5Y*AeHMe w -HeaOHa 
Aon.HO ne•an • o61'aCTH Macc II , • 700 MaB. • 

Pat5oTa awnonHeHa e na~opaTOPHH TeOPITH~ecKoA tHSHKH OMAM. 

cooe.eHMe ~8AMH8MHOro MHCTMTYTe RA8PMWM MCCneAOBe"""· AYGHe 1983 

lvanshln Vu.l. et al. P2-83-727 
About the Possibility of the Existence of New Radial Excitations 
of the Systems Formed of Light Quarks 

The aim of the work Is to study the possibility of the existence of 
new radl'l excitations of w-meson, ~onsldered as a bound state of quark 
end antlquark. To describe the bound state of two light quarks the rela• 
tivlstlc quaslpotentlal equation Is used that Is solved by WKB method. 
The quaslpotentlal Is chosen to be a sum of a Coulomb and confining (linear 
or oscillator) potentials. !t is found with the help of a simultaneous fit 
of the spectrum Qf ~ and p~son radial excitations that In the case of 
the existence of p'(li&O) resonance the first radial excitation of ••meson 
should be In the mass region 11 ••• 700 HeV. 

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