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B paõor ax 11~31 Mbl cooõuianu o Ha6nIOAeH\.1\.1 Y3K\.1X' ( r 3"" He
CKOnb~\.1X M3B ) OC06~HHocTe~ B pacnpeAeneH\.1RX 3~$eKT\.1BHWX 
Macc AByx npOTOHOB"\.13 pa3n\.14HWX peaK~\.1~ np-B3a\.1MOAe~CT

B\.1~ np\.1 pa3HWX 3Hepr\.1Rx. Oco6eHHOCT\.1 nOAo6Horo T\.1na Ha
6!1!oAaIOTcR \.1, B APyr\.1X axcrtepaaenrex 14-10/. 

B HaCTORll.\e~ pa60Te npeAnaraeTCR MOAenb Bpall.\alOll.\\.1XCR 
COeA\.1HeHHWX Op\.1e~T\.1pOBaHHWX CTPYH \.1 Ha ee OCHOBe AaeTCR 
cneKTp Macc WeCT\.1KBapKOBWX aAPOHOB, nOCTpoeHHWX \.1~ "u"
\.1' "d" -KBapKoB. 

MCXOAHWM RBnReTCR npeAnonomeH~e o TOM, 4Tb np~ Manwx 
B036ymAeH~RX C~CTeMa ~3 6 KsapKOB ~MeeT 60nbw~e npOCTpaH
CTBeHHwe pa3Mepw. JJ.e~CTB\.1TenbHO, AnR'Maccw, pasHo~, Ha
np~Mep, 1936 M3B, nonY4aeM ~3 COOTHoweH~R HeqnpeAeneHHO
CTe~ paaaepu nopanxa 2,4 C!>M. np\.1 TaK\.1X 60nbW~X paCCTOR
H~~X c~n~ B3aMMoAe~CTB\.1R MemAY KSapKaM\.1, 06R3aHHwe nOTeH
~~any B~Aa V - l/r P(p 2: 1 ), 3Ha4!11TenbHO ocnaõeeaor , ~, Hao
60POT, B03paCTalOT C\.1nbl c nOTeH~\.1anaMP1 r ane V rP (p >-.1);'Y 

T.e. c nOTeH~~anaM\.1 KOHepa~HMeHja~ TorAa np~MeH\.1M~ npeA
CTaBneH~R o KBapK-rnIOOHH~X cTpYHax. 

Mw \.1CnOnb3yeM \.1AelO o Tp\.1anbHO Op~~HT~poBaHHwx CTpYHax 
pa6oT~ ~l~B ~e~ nOKa3aHo, ~TO B paMKax pa3B\.1TWX npeAcTaB
neH~~ WeCT\.1KSapKOs~~ aAPOH MomeT 6~Tb nocTpoeH n\.1Wb KaK 
aAPoH "Y3noBoroll runa . np\.1MeHeH~e Tp~anbHo~ opue-rrauaa 
K pacnaAaM npIllBOA\.1T K npas\.1ny, 4TO pacnaA~ aAPoHos, np\.1 
KOTOPblX ~N j <O, aanpeuieua /3Aecb ~Nj - paaaocrs nonaoro 
4~cna Y3nOB KOHe4H~X \.1 Ha4anbHoro aAPoHos/. Ha p\.1c.1 
~306pameH 3anpel.lleHHw~ pacnaA weCTHKsapKOBoro aAPOHa A~ 
Ha ABa TpexKBapKOBblX B 3. B 3TOM cnyuae ~,N j ==-2. Hanpas
neH\.1~ CTpenOK onpeAenRIOTcR npaB~naM~ Tp\.1anbHO~ op~eHTa.I 
~\.1\.1 CTPYH. Mw COXpaH\.1n~ o603Ha4eHHR pa6oT~~1/AnR wecr~
KBapKOBoro \.1 TpexKBapKoB~x aAPo8oB. 

PHC. 1. 3anpelI\eHHhIH pac
na~ TpHanbHO opHeHTHpo
BaHHoro meCTHKBapKoBoro 
aAPOHa As Ha ABa 0pHeH

A6 55 B
5 

THpoBaHHbIX anpona B 3. 

~+À+A 
Aanee paCCMOTp~M weCT~KBapKOB~A aAPOH, nOCTpoeHH~~ 

B npOCTpaHCTBe no T~ny As ~ 8BeAeM noTeH~~an KOH~a~HMeH

Ta V - krr OC~\.1nmnOpHoro r ana , rAe ri 03Ha4alOT OTHOC\.1
TenbHwe paCCTbRH\.1R MemAY Y3naM~ \.1n\.1 Y3naM\.1-KSapKaM\.1. 
CneKTp B036ymAeH\.1R COeA\.1HeHHWX TaK\.1M 06pa30M oc~~nnRTopOB 
8bl4\.1CneH 8 pa60Tax/12.13~ JJ.nR ~<bg>eKT!1~HbIX Mace MOM<HO aanu-
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3 3 1 2 
MA =6rn+""'l'f"(iJO[~ O, +---=",:~oJ' t. /1/

6 ~ O 1 y3 O 

3AeCb rn - MaCCa KBapKa, onpeAen~eMa~ ~3 CpaBHeH~~ c 3KCne
p~MeHTOM; (iJO =yk/rn: - B036Y~AaeMa~ 4aCTOTa; k - HaT~~eH~e 
CTPYH~~ Di , 0j paBH~ O ~nH 1, B 3aa~C~MOCT~ OT Toro, Ka
KHe B036Y~AeH~ 4aCTOT~. 3a 6rn M~ np~H~n~ Ben~4~HY 

187~,5 M3B. (iJo onpeAen~eTC~ ~3 3Kcnep~MeHTanbHoro 3Ha4eH~~ 

6n~~a~wero K 1876,5 M3B B036Y~AeH~~, An~ KOToporo B3~TO 

3Ha4eHHe 1889 M3B, ~ ~3 co06pa~eH~~, 4Tf 6n~~a~wee B036y~

AeH~e AaeT A06aBKY K 6rn, paBHY~ 3/2 (iJ0~:r- CneAoBaTenbHo, 

3Ta A06aaKa coCTaBn~eT 12,5 M3B. Ben~4~Ha 3/2wo paBHa 
np~ 3TOM 21 ,5 M3B. 

PHc.2. Pa3nHQHWe nocneAo

BaTenbHOCTH B03ÕY~AeHHH 

nHTH xapaKTepHWX QaCTOT 

B opHeHTHpOBaHHOM meCTH

KBapKOBOM aAPOHe.UH~pW Ha 
nHHHHX - AoõaBKH K MaccaM 

npeAb~y~ero COCTOHHHH. 

UH~PW B npHMoyronbHHKax 

Macca AaHHoro B03õy~eHHo
ro COCTOHHHH B M3B. 

\
\ 

B036Y~AeH~~ CTPYH MorYT npo~CXOA~Tb B pa3Ho~ nocneAo
BaTenbHOCT~ /Ben~4~H~ Di, 0j np~H~Ma~T 3Ha~eH~~ O ~n~ 1 
B pa3HOM nop~AKe/. CooTBeTcTBeHHo 3TOMY 6~no nOCTpoeHO 
"nepeso ueneã'! , orpaxaouree pa3Hble nocnenoeareneuocr« B03
6Y~AeH~~' Tex ~n~ ~H~X 4~CTOT. Pe3ynbTaT B~AeH Ha p~c.2. 

Ha n~H~~x, c~eA~H~~~~X np~MoyronbH~K~, Han~caH~ ll~$P~, 

COOTBeTcTBy~~~e A06aBKaM /B M3B/ K Macce npeA~Ay~ero co
CTO~H~R. B np~MoyronbH~Kax B~n~caH~ Macc~ pe3ynbT~py~~e

ro COCTORH~~. TaK~M 06pa30M, nonY4a~TC~ ABeHaAllaTb OCHOB
H~X Kone6aTenbH~x ypoBHe~. 

Aanee npeAnonO~~M, 4TO weCT~KBapKOBa~ C~CTeMa c ~eCTK~
M~ n80cTpaHcTBeHH~M~ coeA~HeH~~M~ 06naAaeT Hec$ep~4HocTb~ 

2 

;" 

/~MeeT CKopee KOH$~rypall~~ A~cKa/ ~ Bpa~aeTC~ AOCTaT04HO 
MeAneHHO /~3-3a õonsurax pa3MepOB9 C~CTeMbl TOT ~e opõarane> 
Hbl~ MOMeHT Ha6~paeTc~ aa C4eT panuyca , a He CKOpOCT~ apa
~eH~~/. KaK ~3BeCTHO ~3 ~AepHo~ $~3~K~, 3T~X ycnoB~~ AO
CTa~04HO An~ B03H~KHOBeHH~ AononH~TenbH~X B036Y~AeH~~ 

C~CTeMbl, TaK Ha3blBaeMblx pOTall~OHHbIX nonoc , cnexrp KOTOpblX 
onpeAen~eTC~ $opMyno~ 

1
E J = 2IJ (J + 1). /2/ 

3AeCb I - MOMeHT ~Hepll~~, J - nonH~~ MOMeHT C~CTeM~. 

KaK OTMe4an H.60p, 3TOT THn B036Y~AeH~~ - caMoe MeA
neHHoe ~AepHoe B036Y~AeH~e. OHO aA~a6aT~4Ho no oTHoweH~~ 

K APyr~M CTeneH~M csoõonu , ~ Ha Ka~AoM «oneõarens HOM co
CTO~H~~ MO~HO nocTpo~Tb CBO~ Bpa~aTenbHY~ nonocy/14-16/. 

M~ nocTpo~n~ Ha Ka~~oM ~3 Haw~x ABeHaAllaT~ OCHOBH~X 

Kone6aTenbH~x YPoBHe~ Bpa~aTenbH~e B036Y~AeH~~, 3Hepr~~ 

KOTOPblX paBHbl E J =aJ (J +1). Ben~4~Ha a auõpaua paBHo~ 

17 M3B ~3 nY4wero cornac~~ npeAcKa3aH~~ c 3Kcnep~MeHTaM~. 

HHTepecHo 0lleH~Tb pa3Mép~ ~3Y4aeM~X HaM~ C~CTeM, ~CXOA~ 

~3 pOTall~OHHbIX nonoc , KaK cnenyer ~3 $opivtynbl /2/'1' a = tI. 
An~ A~CKa A~aMeTpoM d I = rnd 2 / 8. TorAa An~ d nonyvaex 
/ecn~ rn = 1936 M3B/ Ben~4~HY 2,2 $M. 

HTaK, Mbl npJ;1XOA~M K okonuárensuoã $opMyne An~ cnexrpa 
3$$eKTJ;1BH~X Macc wecT~KBapKoBo~ C~CTeM~ 

J.i,j 3 12 
Mp p =[l876,5+21,5(~Oi + v'3~Oj)+17J(J+l)] MaS, /3/ 

DO = a, O i, j =(0= 1, J =: 0,1, 2.... 

nOcneAoBaTenbHocTb YPoBHe~ npeACTaBneHa B Ta6n~lle 

/KPoMe nepBo~ KonoHK~, Bce Ben~4~HW oKpyrneH~ AO llen~x 
4~cen/. 

'I'aõrrm..J;a 

~ 0,0 .1,0 0,1 2,0 1,1 0,2 2,1 1,2 0,3 2,2 1,3 2,3 
O 1876,5 1889 1898 1902 1911 1~20 1S2~ 1932 1941 1945 1954 1966 

1 1910,5 ~923 1932 1936 1945 1954 . 1957 1966 1975 1979' 1988 2000 

2 1978,5 1991 2000 2004 2013 202.2. 2025 20M 2043 2047 2056 2068 

3 2080,5 2093 2102 2106 2115 212.4 2127 2136 2145 2149 2158 2170 

4 2216,5 2229 2238 2?42 2251 22&0 2263 2272 2281 2285 2294 230& 

5 2386,5 2399 2408 2412 2421 2430 2433 24't2 2450 2~55 2H4 24T6 
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PHc.3. CrreKTp 3~~eKTHBHwX Macc gBYX npoToHoB H3 
peaxuaa np ~ ppTr npn P = -l ,257 f3B/ c. CrrJIOIIIHaH JIHn 
HHH - arrrrpOKCHMa~HH ~OHOM H 8 pe30HaHcaMH. ITYHKTHP 
nepe sonancnsrã ~OH, oCTalOIIU1HcH rrOCJIe anrrpoxcm-rauaa , 
Bep'rmcarrsnsre JIHHliH rrOKa3bIBalOT rrOJIO)KeHHH r-ra cc , nperr
CKa3bIBaeMblX MogeJIblO: rrYHKTHp - gJIH J = O, CnJIOIIIHaH 
JIHHHH .- J = 1, rrYHKTHp c TOtIKOH - J = 2. 

Ha p14C. 3 .npeACTaBIleHO pacnpeneneuae 3<t><t>eKTIIlBHbIX Macc 
ABYX npOTOHOB 11I3 peaKLllll1ll np ~ PP1T- npu Pn =. 1 ,257 r3B/c /3~ 

TaM me HaHeceHa $OHOBafl KpIllBaA, OCTa~~aACA nOCIle annpOK
CIIlMaLlIllIll, HOpMlIlpOBaHHaR Ha Hepe30HaHCHY~ 4aCTb pacnpeAeIle
HIIlA. BepTIIlKaIlbH~MIIl IlIllHIIlAMIIl 1Il306pameH~ nOIlomeHIIlA Macc, 
noencxaaaeeexue MOAeIlblO /CM. <!>OPMYIlY /3/ 1IlJ111l Ta6IllllLlY/ • 
nYHKTlIlp - npeACKa3aHIIlA AIlA J =0, CnIlOUJHaA IlIllHIIlA - AIlA J=l, 
wTplllxnyHKTlIlp - AIlA J = 2. Ha plllc.3 npeACTaBJ1eHO TaKme 
pacnpeAeIleHlIle 3$$eKTIIlBH~X Macc ABYX npoToHoB, nOCTpoeH
Hoe c YCIloBlIleM, 4T06bl Bem1411lHa b , BeeAeHHaA A.M.6aIlnTT-
AIIlHblM /17/, õuna õonsuie 3,2. nplIl 3TOM YCIlOBIIlIll MomHo BIIlAeTb 
oco6eHAoCTb B pa~oHe 1889 M3B, KoTopaR 6~Ila B3ATa B Ka
4eCTee MIIlHIIlMaIlbHoro B036ymAeHIIlR. 

~HTepecHo cpaSHIIlTb npeACKa3aHIIlR MOAeJ111l Bpa~a~~IIlXCA 

coeAIIlHeAH~x opHeHTlIlpoeaHHMX CTPYH /BCOCM/ c AaHH~MIIl no 11I3
MepeHlIl10 ce4eHIIl~ pp -pacceauas • Ha puc •4 ncencraaneuu ace 

4 
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PHc.4. CetIeHHe pp -pacceHHHH120 
(1, 8 S9)
 B ~YHK~Hli KHHeTHtIeCKOH 3HeprHH


1.892 
rra~alO~X npOTOHoB. UH~PW Y CTpe

110 

100 JIOK - rrogtIepKHYTO 3KcnepHMeH
90 TaJIbHO~ 3HatIeHHe M8W, B cKo6Kax 
ao YKa3aHW rrpegcKa3aHHH MOAeJIH BCOC. 

70 

1l 
J: 

55 

5 

""' LO 

~ 
lt5 

c, 

~ 

Lto 

35 

30 

25 

20L... I I I I I I I ! I I I • I , I 
O 20 40 50 80 100 120 140 160 190Z00 220240260280300 

TKIfH tM"9f3) 

AaHHble, IIlMe~~lIleCA B nurenarype no 1Il3MepeHIIllO a pp KaK $YHK
Llllllll T KH H nanaiouier-o npOTOHa /18.19/ Ao' TK"'H = 300 M3B. OKOIlO 
Bw6poCOB B ce4eHIIlRX yKa3aH~ 3Ha4eHIIlA COOTBeTCTBY~~IIlX 3$
$eKTIIlBH~X Macc CIIlCTeM~ ABYX npOTOHOB /nOA4epKHYTO/. TaM 

rl me B cKo6Kax YKa3aH~ 3Ha4eHIIlA omlllAaeM~X Macc pe30HaHCOB 
'I 11I3 MOAeIlIll BCOC. YAIIlBIIlTeIlbH~M 06pa30M Bw6pocw B ce4eHIIlAX J,I	 COOTBeTGTBYIOT npeACKa3aHIIlRM. ECIlV, nplllHATb AIlA ce4eHIIlA 

ynpyroro pacceAHIIlA BeIlll1411lHY a> 2TTÂ2(2J +1), KOTopaR MO)f{eT 
AOCTlIlraTb B 3TO~ o6IlacTIIl 3Heprllllll 100 M6, 11I npeAnoIlomlllTb, 
4TO pa36poc B 3HeprlllAX nepBH4Horo nY4Ka nopAAKa 10 M3B, 
TO nplll WlIlplll~ax pe30~aHCOB OKOIlO 0,2 M3B MW 11I AOIlmH~ 6~IlIll 
BIIlAeTb B cooTBeTcTBYIO~IIlX MeCTax CKa4KIIl B ce4eHIIlAx BeIlIll

5 
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4~HO~ np~MepHO B 1 M6. TaKa~ Mana~ w~p~Ha wecT~KBapKOB~X 

pe30HaHCOB He npoT~Bope4~T ~ KapT~He p~c.3. 

TaK~M o6pa30M, M~ 3aKn~4aeM, 4TO MOAenb Bpa~a~~~xc~ 

coeA~HeHH~X opHeHT~poBaHH~x CTPYH /BCOCM/ He npOT~Bope4~T 

AaHH~M no cneKTpaM 3$$eKT~BH~X Macc ABYX npOTOHOB ~3 peaK
~~~ np ~ PP1T-' np~ P n = 1 ,257 r3B/c ~ AaHHblM no ynpyroay 
/AO TK"H = 300 M38/ ce4eH~~ pp -pacce~H~~. Om~Aae~~e pe
30HaHC~ ~Me~T 04eHb Many~ W~P~HY /Ha ABa nop~AKa MeHbwy~, 

4eM 06bl4Hble peaouaacu/'. OHa MomeT 6blTb CB~3aHa c npoaane
H~eM 3anpeTOB Ha HapyweH~e HeKoTOp~X npOCTpaHCTBeHH~X 

C~MMeTp~~ B CTpYKType MHorOKBapKOB~X aAPOHOB. 
B ce4eH~~X pp -pacce~H~~ MomHO om~AaTb 04eHb B~COK~X 

~ Y3K~X n~KQB. Ecn~ 3TO TaK, TO B o6nacT~ Man~x 3$$eKT~B~ 

H~X Macc NN -C~CTeM M~ ~MeeM na60paTOp~~ An~ ~3Y4eH~~ 

CBO~CTB KBapK-rn~oHH~x cTPYH ~ BonpocoB, CB~3aHH~X c KOH
$ai1HMeHTOM. 

OTMeT~M, 4TO npeAnomeHHa~ MOAenb np~MeH~Ma ~ K APyr~M 

MHoroKBapKoBblM COCTO~H~~M (2q 2q., 4qq.). np~Mepbl TaK~X COCTO~

H~~ npaaeneuu B/11. Mbl HaAeeMc~ B AanbHei1weM AaTb cpasae
H~e 3T~X 3Kcnep~MeHToB c npeAcKa3aH~~M~ /BCOCM/. 
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. HET RM nPOEEROB B BAWEH EMERMOTEKE? 
81>1 MOJKeTe no.11y•mTb no no<~Te nepe<~HC.IIeHHble HHJKe KHHrH, 

ec.JIH OHH He 6bi.IIH 3aKa3aHbl paHee. 
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TpOHH ID.A. P2-86-35 
Mo,o;enb Bpa~aJO~HXCH coe,o;uHeHHbiX opHeHTHpoBaHHbiX CTPYH 
,o;JIH Y3KHX ,o;urrpoToHHbiX pe3oHaHCOB 

B pa6oTe ~opMynupyeTCH Mo,o;enh Bpa~aJO~XCH coe,o;u
HeHHbiX OpHeHTHpOBaHHb!X CTpyH /BCOCM/ p;JIH OITHCaHHH 
crreKTpoB 3~~eKTHBHbiX Mace wecTHKBapKOBbiX Y3KHX pego
HaHCOB, co,o;epJKa~wx "u" - H "d" -KBapKH. Hcxo,o;HbiM 
HBJ1HeTCH rrpep;rrOJ10JKeHHe 0 60J1bWHX pa3Mepax H3YllaeMbiX 
CHCTeM /rropH,D;Ka 2,5 ~M/. llpH 3TOM ypOBHe B036yJK
p;eHHH CHC TeMbl orrpep;eJ1HIOTCH, B OCHOBHOM, ITOTeHn;HaJ1aMH 
KOH~aHHMeHTa V- kr2. Ha KaJKAOM KOJ1e6aTeJ1hHOM ypOBHe 
CTpOHTCH poTaiJ;HOHHaH ITOJ10Ca, p;aJO~aH ~o6aBKy K 3~eK
THBHOH Macce BHAa Mrot = a J (J + 1 ), r p;e J - ITOJ1Hblll MOMeHT 
CHCTeMbl. llonyqeHHblH crreKTp cpaBHHBaeTCH C p;aHHbiMH 
H3 peaKIJ;HH np-. pp1T- rrpH Pn = I' 25 7 r3B/ c H c ITOBe,o;e-

el HHeM app· Ha6nJO,o;aeTCH Herrnoxoe cornacue c 3THMH 
3KCrrepuMeHTaMH. f1pep;CKa3aHHbie pe30HaHCbl HMeiOT WHPHHY, 
no ou;eHKaM, rropH,o;Ka ,o;oneu M3B. 

Pa6oTa BbmonHeHa B J1a6opaTopHH BbiCOKHX 3Hepruu OH5IH. 
Coo6weHHe 06benHHeHHoro HHCTHtyta H,uepH&Ix uccnenoaaHuil. lly6Ha 1986 

IlepeBo,o; O.C.BuHorpaAOBOH 

Troyan Yu.A. P2-86-35 
Model of Rotating Joint Oriented Strings 
for Narrow Diproton Resonances 

The model of rotating joint oriented strings(RJOSM) 
is formulated for description of the effective mass 
spectra of 6-quark narrow resonance containing "u" 
and "d" quarks. The point of departure is the as
sumption about large dimensions of the studied sys
tems (-2.5 fm). In this case the excitation levels 
of the systems are determined mainly by the confine
ment potentials of the V- kr 2 type. The rotation 
band that gives an effective mass addition of the 
Mrot =aJ(J + 1) type where J - total moment of the system, 
is constructed for each oscillation level. The ob
tained spectrum is compared with the data of the 
np-. PP"- reaction at Pn = 1.257 GeV/c and with the 
behaviour of a;~. A quite good agreement is observed 
for these experiments. The predicted resonances have 
the estimated width of the order of fractions of MeV. 

The investigation has been performed at the Labo
ratory of High Energies, JINR. 
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