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CJ1JIbHID:: B3aHMO,ll;e Hc TBIrli !mOHOll 11 l(u(, lI r.1I Il IKJ)(O'l'rU 

J1HTepeC ,ll;JllI oOJIee r JIy6oKoro n OmlMrUll1n lI[lllllQ)UI OltnLlliI 

}l CTPYKT,ypli 3J1eM9HTapllUX 'lQC'NlI\. 1 '~1I110 I llOillii 

H3BJIe'leHIUl J1HCPOPMaIUlH 0 CJIJ!bIlOM 1I ~IJI'lJ(lN 

Ht!3H.osnepreTrI'leCKOe J[ J[. -paCCflHIIIIQ. il'-)JI(II 

-paCCeflfU1fl He,ll.OcTynn o 1TI1IIMor"y 
lfHfPopM8.U.l'1f1 113DJleltaeTM KoonemllN OOp 

j"la C'l'Ole M n~oHoB/I. Z/ . '!'I U( , JVIlIItI J 

C 110 MO/Ub lO anrrpoKoliM~IHf :mopT ,'1'11'11 

9 orrpe~OJljJ JOTCFl' 1-1 :1 pll~'y J I I .TIlTOIl II 

P8aKJJ.ul1 !ifAi-.- Jl fl ...v / ! 
no r pellJl!OC'l'11 I1 pU ( 'Il,JOJW-'I'JIIII 

(25 - 3(Ji~ ), II , KPOMI! '1'0 1'0. I~,vn\' 

CBfl3afl HHe c 1l1J0 1 ~C;l..Ypoll ~1I~1)/It) II\I 

rrpoIJ,e .n,ypofi ann p OIWIIMUllll11 I .lhHh 

BBe8eHHe 

113ytleHHe 

HeCOMHeHHlM 

B3aIIMO,ll.eiicTBHH 

B03MOlKHOCThfO 

flBIDIeTCfI 

H3J'!eHHe 5L n 
)l;9.I1IHlR 

I1po~eccoB C 

tfllCJUl1llT CR 

GSfll n1rr, 1<OTOp~

HID: CetfeHHi1 

3KCnepl1;AeHTaJIb ffrle 

e llle B9JIllltn 

JI~HHOCTU, 

0 0:fleHa II 

,I.lTI11Hll JL fl.,. 

OUmOI<aMl' • 

B p aoo T9 

n ( J 1\X 

'Jt') \ (/(A}JI li' ~';"JIIJI 

\ 	 j' f(. 

, ,11./l 

J' • I IJl" / Ir ((,) 
I 

C TeOpeTH'leCI<O~ TO'lRH 3peHHfl, aHSpreTll'le CKaR OOJIaCTb, r,IJ.e 

lTpOJIICXO,IJ.HT o opa30BaHlfe J1 pacrra.n AlJl -aTOMOB, OTHOC}lTCff K 0 6 

naCTH KBapKoBoro KOH~HMSHTa, H3yqeHH~ KOTOPO~ B HaCTORWee BpeMff 

y;n:eJlfleTCR ClOJIbllOe BHHM~He • .I::l STOn oonaCTl;f x opomo p aOOTa eT m!pTOH

KBapKOBaR Mo.n.e1Ib \BK!~) 5( B p ru.m 8X KOTOpO~ OIlJIO onJ1CaHO oonbmHHCTBO 

8~KTOB HJII3I<08HepreT}I~eCI<0~ ~H3HKH. 

ATOM A~ MOXHO rrpe,IJ.CTBBJIITb KaR KBa3HCTaIJ,HonapHoe COCTOff

IUle, rrpJII STOM rrOTeHll,Jl'aJI rrpHTJDlteRHfI o rrpe.lleIDIeTCR KIlK anSKTPOMarH'lT

1ll1MJI!, TaR H CH1IbHllMl! B3aJ!MO,IJ.e1!:cTBHRMll 1l t , J[ - - MS30HOB. AHHH

rJ1nm.:mR aTOM a B,lI.Ba J[ 0 -MeSOHa IlJXlJIICXO.!mT sa C'I8T C}ln b HIiX BsamlO

,lI.e~CTB~ ICM. pac. I). 
.lj .n.aHHO~ paooTe B paMKaX BKM BH'U'lCJleHil .5 -BOJJHODIl8 .llJmHH 

JL1L -paCCSffHPlff, orrp8,IJ.eJlflRJlU1'Ie BpeMR lltH3HPl ItZ7l:. - aTOMa. C nOMOlJlb~ 
rrOTeHUHana, RBnRDmerOCR~ypbS-QOpa30M t -KaHa1IbHOa 8MilnMTynu 

n 1[ -pacceflHHfl, OHJlH paCC'lllTaHH: 8HeprHff CBfl3 J11 , BOJIHOBM Cfl,VHKlUIR 

B RyJle H pa3HOCTb Z!I - 2p YPOBHfl I1Z1l- -aTOMa. 

OR83aJIOCb, ~TO 8HeprHR CBR3H H BOJlHOBaR ~YR~R B Hy ne orrpe

.lleJImO'1'CSI B OCHOBHOM 8}JSKTPOM8.I'HHTHHM B3aJ!MO,IJ.eaCTBHeM 1[+, n -
MeSOROB. ~TO 03Ra'laeT, ~TO aKcnepIDAeRTaJInROe HSMepeHHe BpeMeHH 

EH3HH ~l~ -aTOMa n03BOnMT HerrOCpS,IJ.CTBeHHO orrpe.n.enHTb pa3HOCTb 

$ -BOJlHOBID: 	 ,IJ.IDIH :J[.Jl, -paCCeflH}lff. 

1.,llJl1JHH J[ft -paCCeRHHfl 

!arpaKEHaH B3aHMO,IJ.eHCTBHfl BKM/ 5 ,6/, Heooxo~ AJlR OnHCaHI1R 

JL n -pacceflHHR, HMeeT cnS.nylWlffit BH,IJ.: 

}ir ex) = 	 ijP q (;1.)73 { q Cx) it (x.) + 

.JZ: fa. ~ /tL 


+ ,~ f(X)Q(X)~';-Q{x)+i/rJL\Jvf (x)~(x)r; Ijf'vQ{x)
u ~ /(.( 0 fq O~. rz.) Y' a. Ia: 

+ if ~~ bs' f, (x) - sin [s .S'Y)(J1·~ (x r, (x) . 
~ ) 

r l::J. 
3 
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--, -,. sit
31le cb a~ 1 , ~ , 3 - U!3eTOBUe HH.n;eKcli; JL r, E. - 1l0JIfl, 

o llHcHBa!OOUle , COOTB91'CTBeHHo, J[ , f ,c1t~Rl:le £- \1 S'" (975)
Me3oim. YroJl CMeIlIlJBaHHR 6 -=: (9 ~ 8 c::2D 6HJI orrpe,lleJIeH HS paclla
na S·~J[J[ 16/. s S J 

OcooYJO POJIb lU"pae T E -MeSOH • .L1,eJIo B TOM, 'ITO npld OnHCaHl'IH 

~A( -B~CUiMOnellCTBHR B MOllenRX T~na ollHo6 o soHRoro o6ieHa/ 7/ , npH
8OrmCaHl'IH ill[, -B3aHMo,neRCTBHR B KHPam.HWC MO.lleJIflX/ , n03HI'IKB.eT 

Heo6xo,ItlolMOCTb BBeIl,eHM 0++ peSOHaHCa C MaJIOlt ~accoa (400 - 500 MaB) . 
~KClTepJ.DJeHTaJTbHlle lI,aHHble, y-Ka3HB8lOOU1e Ha c ymecTBoBamse CK8.lllIp1l01'O 

pe30HaRca C TaROa Ma}Jo~ Maccol! • OTCYTC TBYJOT. 1I0 3TOMY BBeJteHHe 6 -
MaSORa cnenyeT paCCMaTpHBaTb , KaR ClTOco6 rrpWO JIRZeHHoro OIlHCaHRR 

C~JIbHOro, HO HepeSOHaHCHOro BSaHMO.lle~CTB\1H IlHOHOB B ~ -BOJIHe. 

YlMeJOTCH, Oll.HaKO, JK8,3aJ.IM lia CYllIeCTBOBaHlie E t?OO)-Me30na C IlJWrl1
/ blHott JCJ M3l/'lI . .tJ pe3YJIbTaTe H81DHX paC'leTOD 0R83aJIOCL. 'fTO lIill1Jlyq

mee cornaCfJe C 3Kcnspm.!eHTOM ,llJIfl S -BOlIHOBI:lX ,IlJIlm paCCOflllHH JiOt:TM

raeT CR np11 mE. '" 4bO MsB. 
J1,11arp aMI.rn', OlmCHBaJ(Xl\ne 1r 1L -pacceRHHe ,rrpl1'Be.neHH Ha pile. ; ~ . 

COOTDeTCTB,'{!rulM mmarHlaHTHaII aMJl JrnT.vna SarJ11CHBae'l'CR B BHJ1,n 

~Li ' " it{ ( P, ,, , fl( )= 

-	 &. i £. 2' f\1(g fu)-t- ~ - ' 6. . · M (t- su) +~." [ , .. M(u / ~) 
I( z. l j Y L,~3 1..J. 1..,. ~/l<f loll I 

r .ne i = I ,~.3 - 1130 CTIliHOBIle IHl,lleKCIl, S , t HU - M8H,1l0JT1,r'I'ft 

MOBCKJlle llepeMemme: g= (f + f'.""'2.. t .= ( f. + t>, )2. U =(t-t-I:. ) 
I 	 L J ) I 3 J I ... 

Gz · 2 
M(~ t u)= - G (r6 u)+ £lUI (s) GS /'oll1Z (g)

o 	 ~,. +
mE - S m~ .. - 5 

1 


\ G-p717l. (-I:) G
2 

(;) \
+ l(S- u..) 2 +('S- i) [77i7 2t 


m f' - t m - u.

f 

flBlIllA BJIIll, CTPYKTYPRliX HHTerp8JIOB Go (gt uJ . GSPf> (~) • 

G\lp P (~) !IpKBe.IJ.eH B pa60Te/6/ . 
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J(lIJllflli :IT.. fL -pacceHHHff B S.IJ.l'!HZUax rYi.1l = I onpe.neJJ.fI1OTCR CTaH
.IJ.apTHHM o6pa30M: 

I _ _ 7 	 1_ 1 U() ~ h ~e f ( ~ 
CLe -321[ m ~-4' . ;: [Jx Pe (X) M (riu).

S ~'1 _( 

S-y I _X r-4' (+)(3.nec}' t "'" --- . ~ - U-= - __ ~ 

~ 2. ' ~ z 


M I ( s i v.,..) - aMmmTy,!Oi C orrpe.IJ.eJIeHH"ID,! 3Ha'!eH11eM waocIIHHa: 

MO Cstu) = 3N(s iu) + Nt (i:! u)+fVI (u i ~ )) 


Mi Cstu) = M(l:521 ) M (u t s)

J 

M7.. (5. t, u) -= M(tsu )-+ M(ui$ ). 

B pe3 YJIbTare ~Cne HHI:lX pac'!eTOB llolIyqaeM pe3Y~TaTU, rrpBBe.IJ.eH

Hlle B TaM. I. JlJIfl Cp aBHeHllff npe.IJ.CTaBJIelm p e SYJIbTaTH npyrHX 
IlO.n:x:O.IJ.OB / 9 ,IO/. 

2. 	 IIoTeHIUlan , orrpe,l!,e JJ!I!O!!!llli 1[-" ff - BsaIDlfo,ye.lkTBl'le Il 

OCHOBHlle xapaxTepHCTHKR A2.7t -aTOMa 

B paMKaX BKM 1l0reHItHaJI , o rrpe.IJ.eJlHlOlJlJll1t 7[1"J[ - - BS3.l'/M(),ne£l:CTBHe, 

RBJIfle TCH CPYPLe- 06pa30M i -RaHaJIbHo£l: IWllJtuy.IJ.S Jrt J[ - - p ac
cemnm (pIW . ;j): 

v ( z ) = \{m ('2: ) + 'Is (2. ) , 

3.IJ.eCb 

'\ T 2. (cP"" i~l h; Z-{-rZ)
Vem (Z) = e J~ e r -i!(:Ul)3 . r 

COOTBeTCTByeT BKJIany ;marpaMMll pRC. 3a \1 OTIHCHB8eT 31IeRTpOManmTHoe 

B3aBMO.IJ.eRcTBl'le JlllOHOB C yqeTON ~ C'l'p.VKTYPH. 3JleKTpOMIlI' F;, (t) -
ImTmrl!: qx,pNIfnKTOP 7[, -Me30Ha!G • CH~Hoe B38HMO.lle~CTBHe rrnOHOB 
orrnCHBaeTCR rrOTeKUHaJIOM 

:; 
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~ (z )= ~ £f e {1Z L_l_J. (' - G ( Ilfn< _ --,~ .... 2) + 
( 2. TrP 1'imrr L a Ti ) r; ..I r 

2. C· -'Z) Z. f --2 ) 6 2.. (-_ -Pi) 
+ G£/ lTT :.(1 + Gszl4 1T 71 : : i ,\ + 5': 1J ._~ 

m( +7 l.. m s" + r ~ WI f + rr 1~ 
~O COOTBeTcTBye T BR~any nwarpaMM pRC. ~6. 

B pe3 ym,T8Te 'lHCJIeHlllllC p aC'lS'l'OB OJta3 8JlOCY" 'ITO n o TetmHaJI V(z ) 
OT1rn'!ae TCR OT RynoHoBCKOro mnm. aa paCCTOJtH.HRX 'l ~ 1 tp.M • B nYJIe 

IJOTem.ijl8Jl V ('L ) BMe eT KOHe'IHOe 3Ha'IeHlIe V (o) c:. - 30U ~.'91:l . 
B TaM. 2 ,l{Jl.H CPaBH8HlIR ITpID3e ,JI.elill 'IIIICJI8Rlthle 3 Ha'leHlUl V (z) -= ~ , 

k "'

'!em (2..) , ~ (Z ) H \1 ('l) B HHTepBaJI8 o.s 'l !":.j,2cp..u. 
IIOCKOJIbRY 60PHOBCR~ P a,mJYC A~1L -8TOMa a = m 2 oL 

= 386f-"' HB.MROro 60JIbIlle mlTepBalIa. r;ne nOTeRm!8~ V (z. ) 7?OTJrn'Iae 'l'

Cll OT RYJIOHOBCROro. e CTe CTBeHHO C'lHTaTb BSJIlI'IIDlY ll.V{~) =V6)- V(z) 
JiJaJIHM B03MYUleHl1ElM KYJIOHOBCKoro IIOTem(l1aJl8. k 

OCHoBHHe XapaRTepHCTlIRl'l -aTOM a BI:l'IHCJVleM TIO TeoplHIAZJl 
B03MYluemm : 

l\Fj== fJ 3.z ¥:51 ei J /). V(r) Y;J(-2) 
CnBHr OCHOBHOro YPOBHJt i 

fd3 
't""? '/{S (i)L-;.V(e) ~s (z ) tf! (0) 

f.,. {U (0) = l.S 

"S E{ - Ez... 

IIorrpaBKa K BOJIHOBO~ ~YHKUHH OCHOBHoro COCTORHHJt B HYJIe i 

A E2S-
2
f' = fJ 3z Ll V6)L /~/l )/2_ / /f;p (z)j 2] 

C,lUlHr 2 ~ - 2 f - YPOBHR. 

3.nec:b 

E = - mll cl 
11 - (n= -02~ ", )

If Z I 
- 9HapreTPI'IeCItEe ypoBHlII RYJIOHOBCKOro aTOMa, iff,,(zj - COOT1leTCTByw>

z ~ 2:
(-CZ, Z-C;; eV:~(L )=- /llQ3' e ) If;g (2:) = 'I vJI1 q3 

:< ~ 

B TaM. 3 IIpI1BS,JI.9HIl pS3YJThTaTIl paC'1eToB. l:lH.JJ;HO. 'fTO 3HU'1&

HM .nJVl 3 Heprl'IH OCHOBHOro COCTOHH.IlR 

&=E{T A EJ. 

14 3HaQeHlls . BOJIHOBOa ~YHKUHH OCHOBHOro COCTOHHRR -aTOMaA
Zil 

If(o ) = ~j' (0) + 4 lj/g (0) 

Mano OTnH'IaIDTCR OT COOTBeTCTBYIDmHX KYJIOHOBCKHX Be~'IHH. CJIe.nOBa

TeJIbHO. Bpewr l1!JJ3HH Abr -aTOMa Onpe ;IIeJVleTCll Pa3HO CTI>lO ~ - BOJI

HOBliX .nJlIffi 1T II - pac cemulR a 1:1 CI..z. . B TaM. I npl1Bs,n.eQ 

HIi 3H8qeIDI1! BpsMeH JltB3HP1. BWGl CJIeHHHe RaJ{ B PaMl<ax BKM. TaR 11 B 

llPyrn ITO,IOCO,uax. 

ABTOPH BHpaM~T 6JIaro.napHOCTb HeMeHOBY n.n. 3a CTHMYJlHpyromHe 

06 CYJ!)lemHf • 

'Ii + 'iT. TIo 

~- 1! ..... 1 r.- rr£ H' 

Puc. 1 

.,rr/V({"-'" 

i~P) IT X M'S"- + f + 

il. PI.i2 P2 


Puc.2 

1(+ 

Tt :Y+IT+~,s" 
ll-~...L ~ 
mBe KynoHOBCKHe BOJIHOBHe ~~B/II/ C 60POBCKHM p anBYCOM 

Al17 - aTOMa; TaR 'ITO Puc . 3 
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Tao JUlua I. DpeMJI lj["i'l3 HJ1 AZ7L -aTOMa 

( -IS)(/,0 CL;z 1: 10 c 

Jlw rr8pMM8HT 1I1 0 ,23 ± 0, 03 -0,06 ± 0,07 2,5 ± 1,3 

3RCrrepl1M8HT L2) U, 2G ± 0,05 -0,C28 ± Cl, ClI2 2,6 ± 0,9 

AJIT80pa TO
o ,~o -0, 06 3,1

ROB L9,\ 

!.ione7Jb cBepxnpo

Bo.:unU8ro Tvma[lo] 0,29 -0,025 2,1 


Brut. 0 , 24 - D,or6 3, 2 

TaCl JIHua 2 

R. )qu ~ ) M3B Vem~ i~ 3B \{. > MaB V MaD 
./

0, ()(l - "'0 -3 ,427 -297 ,143 -300 ,570 
0, 0'1 - 35 ,007 - 3 ,420 -35 ,557 -39,277 
O, OL - Ii ,om - 3 ,395 -17, 948 -21,3/13 

0 ,12 -1 2, 002 -3 ,358 -II ,973 -15,331 
D,lf - 9 ,00:; - 3 ,307 -B,9S:! -12 ,296 
n, 2[1 - 7 ,2OI - 3 ,242 -5 ,697 ~,939 

0 ,21 -G ,oor - 3 ,166 -4, 2C 3 -7,429 
[1,28 - 5, I 4.4 - 3 ,083 - 3 ,312 -6 , 3~5 

0, 32 - 4 ,501 - 2 ,G89 - 2 ,B52 - 5, 841 
O, 3C - 4 ,001 - 2 ,591 -2 ,213 -5 , I04 
(1,tlO -3, GOI - 2,786 -I,747 -4,533 
0 ,44 -3,~273 - 2 ,677 -I ,326 -4,003 
O,4b - 3 ,OOI - 2,568 -1 ,041 -3,G09 
0, 52 - 2 ,770 - 2,460 - 0 ,974 -3,434 
D,5C -2, 572 - 2 ,355 -0 ,682 -3 ,037 
O,6n -2 ,400 - 2 ,264 -0 ,53. -2,mO 

u 

TaoJrnIUl 2 (rrpollOJro8Hl18 ) 

f( iiJM Vk , r.1 aB V, Ih B \~ ) 1,1aB ''i ['\313em, 

O,G4 -2 ,251 -2 ,14B -0 ,371 -2 ,5~22 

0 ,65 -2 , Il8 - 2,050 -0 , t~~.J - 2,273 

0,72 -~~, (Jon -l,~56 --t ,c'e':.; - 2 , f1.1E' 
T C0~ 

jU,7C -.L . .... .. , - I ,Cf:! -f1,(lrJ - I t ~.~J ,(-~ 

I}, CO -I ,coo -1 ,?[(: -,1,f1Jr - I , f ' :~;~ 

0 ,84 - I, '7I5 -I ,70~ - O, ClE ' - I t ~ ' ;;f 

o,u; -1 , (0,37 -1 ,G'l3 -D,on - 1,G/11 

O,c)'2 - 1 ,5GG - I .5G[' - O,OCE - 1 ,5'7G 

D,9E - 1, 500 - I ,riOI -D,DOG - 1,507 

l, rn - 1 ,""' (\ -1,'1'10 - O, or/l - 1, 1-14 

1 ,04 - 1 ,3[5 -I, 3E5 -0 ,005 -1 ,393 

I ,DC -1,331 - 1, 33/1 -{l , (l[)t1 - 1,33" 

I ,12 - I ,2aG - I ,2fT. - 0 ,0[13 - I ,2( ~ 

I , I C 
-
1, 20 

- 1 ,242 

- I ,200 

-1 ,212 

- 1 , 2 CO 

-D , DO? 

-o, om 
- 1 , :::!H 

- 1,201 

Ta6mrua 3 

- I ,f'GOO£ , 1~3B 
A E{ . -3f - -·=1 5 - IOE . 

1-0 ,00226. F . KsB-1 


S= E:/ -t ~ E ( , RaB 
 -1 ,863 

, I.13B3!2 0 ,20609't; ( 0) t:..41 (0)I ~ ,~ : 2 ,5 • 10-4 

3 f,!(D)0,000056. if,./ 0) , M3B !2 

Yr0):::: 'f,f (0 )+l!. fi$ {o~ 
1.1oB3/ 2 0 ,2OGI 

- 0 ,3J:..E 2.S- 2,p.3B 

9 
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EqnfMoB LB., HBaHoB H.A., J1J060BH~KHH B.E. P2-85-546 
o 	CBOHCTBax n+n --aToMa 

06c~~aJOTCH CBOHCTBa aTOMOB, 06pa30BaHHb~ n +n--Me30HaMH.. 
B paMKax KBa PKoB OH ~lOAeJ1l1 nOIIY4e H n OTe HIJ;l1aJI , onpe .neJIftJOIllHH 
n +n- -B 3aHMo.c\e iic"I'U He H Bb14HCJ1e Hbl OCHOBHblC xa pa KTe p HC THKH 
(n+n- ) -aTOMa : 3 11e prllJl CB R'llf, 3 H8 48 mle B OJ1l~on OH c!JYHKl.\HH II HyJle 
pa3 HOCTb 2s-2p YPoBHef1 H s pe MR lKlt3lfH. OKa sanOCb . 4'1'0 n O'1'ell 
l.\HaJ1 'l+n--Fl'l.1W'1O.nI' ii c rAWl 0 r 'lH.1C{ae 'l'C lT CIT KyJl O II OBCl~or o nOl'eHUHa 
n <l Ha paC CTOHII HRX r :S 1 IPM. !10 3TOMY 3Ha t ie li l1 R 3Heprllli C8 RSH 
H BOJlIi OB OH IPYHKl(liI1 II uy_ne n p a KT H4 e c KH lJ e O'I'J1II4aJO'l'C R o -r Ky no
HOBCKIfX. Cn e AOBG TeJTbIlO, BpeMR lK~1 3H If (J1+J1- ) On peAeJIfle'rCR pa"3 
1!0CTbIO S-BOJ1lI0B b~ AIIHII nn-pacce m IHR. 

Pa 6 0 Ta BbInOJIII L'H8 Ii J1a50pa TopHH Te opeT If<J eC Ko fl 4l1i 31fJ< H 
OJUU-! . 
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ITepeB O.D. O. C. BH II Orpa.lloFloii 

Efimov G. V. , I v a nov H. A. , Lyubovitski j V. E . P2-85-SMi 
About the Propert i es of n +n--Atom 

The properties of n+n--a tom a r e d i s cussed . I n the f r ame 
work of the vir ton-quark model the potentia l de f in i ng t he 
n +n- in t f' rac tions is obt a i ned , a nd t he e nergy and wave f u nc 
tion o f the ground st a t e a re c a lcul a t ed . I t i s shown t ha t 
the n+ll--po ten t i al is ma i n l y d e fi ned by t h e electromagnlo! t i c 
int e r a c t ion . Thi s means t hat t h e experimen t al measu r emcn 
of t h e n +n - - at om l if e - t ime \'1i ll a ll ow a d irecl dC'tcnni na Li o n 
of the d i f f e ren ce o f s-wave f1 n -scat t eri ng length!'! . 

The i nv e stigati on has be e n performed st the LOIboruLo r y 
o f 	 Theore t i c al Phys i cs, JINR. 
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