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PacceRHMe HeATpoHOB nPDTOHaMM npM HM3KMX 3HeprHRX TPaAM4H
OHHO onHcwsaeTCfl B PaMKaX TeopMH 3¢¢eKTMBHoro PaAMYCa ' 11 . 
¢a3bl pacceRHMfl B 3TOM nDAXoAe onMCblBalOTCfl ABYMfl napaMeTpaMM: 
AilMHoA pacceRHHfl (A) M 3¢¢eKTMBHblM paAHYCOM ( r0 ) . OnpeAeJJeH
HOMY cnMHOBOMY CciCTORHHIO CMCTeMW n+p COOTBeTCTByeT csoA Ha-
6op napaMeTpos. AMnJlMTYAY pacceRHMfl c onpeAeJJeHHWM cnMHOM CM
CTeMbl laAeCb paccMaTpMBaeTCfl, pacceRHMe c op6MTaJlbHblM MOMeHTOM 
e - 0/ MOmHo aanMCaTb s CileAYIO~eM BMAe: 

C 
s ( t) 

1 

__ t _ + J_ r k 2 - ik 
As(t) 2 Os(t) 

/1/ 

S M t COOTBeTcTBYIOT 1so M. 3s1 -coCTORHMRM, k - MMnYilbC HeAT
POHa B CMCTeMe 4eHTpa Mace. 

S-MaTpH4a CBR3aHa c aMnJJMTYADA pacceRHHfl CJleAYIO~MM o6paaoM: 

S~1+2ikf. /2/ 

3HaR AilMHW pacceRHMfl M 3¢¢eKTMBHWe PaAMYCW, MOmHo onpeAeJJHTb 
nornoca S-MaTpH4bl. 8 cny4ae TpHnJJeTHOro B3aHMOAeAcTBHfl nOJllOC 
S-MaTpH4W nemHT Ha MHHMOA DCM KOMnJleKCHOA nnocKOCTH k, npM4eM 
Imk, 0. 3TOT noJJIOC COOTBeTCTByeT OCHOBHOMY COCTORHMIO AeATpo
Ha. 8 cny4ae B3aHMOAeACTBMfl B ~o-COCTORH~M nOJJIOC S-MaTpM4W 
pacnonomeH B HMmHeA nonynJJOCKOCTH. C4HTafl AilMHy pacceRHHfl 
AeAcTBHTeJlbHOA, ~BTOPW pa6oTW 12 : npMWJlM K BWBOAY O TOM, 4TO 
noJJIOC S-MaTpM4bl nemMT Ha MHHMOA OCH c Imk < 0 /3AeCb HCnOilb30-
BaH TOT ¢a KT, 4TO A = -23, 7 ¢M .-: 0/. Ta Koe pacnonomeHMe no-

s 
JllOca COOTBeTCTByeT onpeAeJJeHMIO BMPTYailbHOro HJlM aHTHCBR3aHHO-
ro COCTORHMR. ¢H3M4eCKMA CMWCJl 3Toro nOHRTHfl HeRceH 131 • 

PacCMOTpeHMe np-B3aMMOAeACTBMfl B paMKax KXa npMBOAMT K BW
BOAY O cy~eCTBOBaHHM peaoHaHca C J 77 =0+ M MaccoA M:::2mN 141 • 
ABTOPW OTOmAeCTBJlfllOT npoRBJleHMfl TaKoro peaoHaHca C BHpTyaJlbHWM 
YPOBHeM. 0AHaKO 3TOT peaoHaHC AOilmeH nPORBJlRTbCfl B 3IleKTPOMar
HMTHWX B3aHMOAeACTBMRX. napaMeTpw peaoHaHca TeopHR AaeT C nno
xoA T04HOCTblO. OnpeAeneHMe MX H3 3KCnePMMeHTa B03MOmHO C 11y4-
weA T04HOCTblO. BnonHe sepoRTHO' 4TO M < 2m N ' nDCKOJlbKY npH .no
nomHTeJlbHWX 3HeprMRX ¢aaa np-pacceRHMR He nepeceKaeT TT/2. 
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HHTepec K AaHHOMY sonpocy Bhl3BaH TaKme pe3yJlbTaTaMH pa60Tbl 
KoKa 151 , noKa3aBwero, 4TO B CJly4ae B3aHMOAeHCTBHR ABYX npoTo
HOB TeopHR 3¢¢eKTHBHoro paAHYCa nPHBOAHT K BblBOAY O cy~eCTB0-

2 BaHHH RAPa He KaK KBa3HCTa4HOHapHoro COCTORHHR c OTpH4aTeJ1b-
HOH 3HeprHeA E ~ -140 - i467 K3B. Bo3MomHo, 4TO ocHoBHoA 
yposeHb 2 He H ecTb pe3oHaHc, npeACKa3hlsaeMhlH KXA. Bo3HHKaeT 
TaKme sonpoc O B03MOmHOCTH cy~eCTBOBaHHR pe30HaHca B c11y4ae 
np-B3aHMOAeHCTBHR C J TT "' o+ H H30TOn-cnHHOM T = 1. 

B AaHHOH pa6oTe o6pa~aeTCR BHHMaHHe Ha TO, 4TO, CTporo ro-
BOPR' AJlHHa. pacceRHHR !3 1So-:COCTORHHH KOMnJleKCHa' noCKOJlbKY 

. cy~ecTsyeT AOBOJlbHO 60JlbWOe ce4eHHe 3aXBaTa n + p -~ d + y • 
H XOTR MHHMaR 4aCTb AJlHHhl pacceRHHR Mana no cpasHeHH~ C peanb
HOH 4aCTb~, 3TOT ¢aKT npHBOAHT K TOMY, 4TO non~c S-MaTpH4hl Ha
XOAHTCR He Ha MHHMOH OCH. T~Koe nonomeHHe non~ca COOTBeTCTBy
eT KBa3HCTa4HOHapHOMY COCTORHH~, pacnonomeHHOMY B OTPH4aTeJlb
HOH o6nacTH 3HeprHA /Ho BblWe OCHOBHoro COCTORHHR AeHTPOHa/. 
CneAyeT OTMeTHTb-, 4TO BblBOA 06 OTCYTCTBHH CBR3aHHoro COCTORHHR 
AeATpoHa s 1s0 -cocToRHHH coxpaHReT cso~ CHJlY, OAHaKo 3TO He 
npoTHBOPe4HT cy~eCTBOBaHH~ pe30HaHca C OTPH4aTeJlbHOH 3HeprHeA. 
no cy~eCTBY' HAeR O HaJlH4HH pe3oHaHca 6b1Jla BblCKa3aHa e~e B 
1953 ~ Ma B pa6oTe 171 ,•B KOTopoA OTMe4aJlOCb, 4TO (j}a3hl np-pac
CeRHHR MoryT 6b1Tb onHCaHbl C nOMO~b~ R-MaTPH4Horo (j}opMaJlH3Ma. 
Xopowo H3BeCTHO, 4TO non~cy R-MaTPH4hl co6TB~TCTByeT pe3oHaHc. 
CornacHo Ma. 3HeprHR, cooTseTCTBY~~aR non~cy R-MaTpH4b1, CBR3a
Ha C AJlHHOH pacceRHHR H 3¢¢eKTHBHblM PaAHYCOM CJleAY~~HM COOT
HoweHHeM: 

Eo 
2 h2 

/3/ 
Ar 0 2µ 

Iµ - npHseAeHHaR Macca n + p-cHcTeMbl/. B c11y4ae 1s0 cocToRHHR 
E0 < 0, T.K. A

8 
< 0. B3aHMOAeAcTsHe HeATpoHoB c nPoToHaMH B 

1So-COCTORHHH AOJlmHo paccMaTpHBaTbCR KaK 2-KaHaJlbHaR 3aAa4a. 
TeOPHR 3(j}¢eKTHBHoro PaAHYCa AJlR CJly4aR ABYX KaHaJlOB pa3BHTa 

I ' 
B pa6oTax llloy H Pocca' s· . <l>OPMYJlbl' nony4eHHble HMH' TaKme YKa-
3hlBa~T Ha pe3oHaHCHOe noBeAeHHe ce4eH1-1A, nPH4eM 3HeprHR pe30-
Hattca onpegenReTcR no ¢opMyne /3/. CTporo rosOPR, TeopH~ llloy 
H Pocca HeJlb3R npHMeHRTb B AaHHOM CJ1Y4ae, nOCKOJlbKY OHH pac
CMaTpHBa~T o6a KaHana C CHJlbHOB3aHMOAeHCTBY~~HMH 4aCTH4aMH. 
0AHaKO BnOJlHe Pa3YMHO npeAnonomHTb, 4TO napaMeTpH3a4HR llloy H 
Pocca AeAcTBHTenbHa 1-1 s cny4ae 3neKTpoMarHHTHoro B3aHMOAeA
CTBHR. He npeTeHAYR Ha.cTporoCTb, .pacCMOTP~M sonpoc O napa
MeTpax pe30HaHca' KOTOPblA MOr 6w onHcaTb (j}a3bl pacceRHHR H pa
AHa4HOHHblH 3axBaT. OnHcaTb o6a npo4ecca MOmHo, BBeAR KOMnJleKC
Hy~ AJlHHy pacceRHHR/l/ 

2 

\ 

i, ,, 
',!, 

t¼.. 

A =a -ib; s s /4/ 

us = g 
4rrb 

k /5/ 

3Aetb g - ¢aKTop, Y4HTWBa~~HH cnHHhl B3aHMOAeHCTBY~~HX 4aCTH4 
/g = 1/4/. 3Ha4eHHe MHHMOH 4aCTH AJlHHhl pacceRHHR MOmHO- nony4HTb 
H3 H3BeCTHOro C xopoweA T04HOCTb~ ce4eHHR 3aXBaTa nPOTOHaMH 
Tennoswx HeHTPOHOB; 

u d (0,025aB)=0,3346, 
np ➔ _y /6/ 

noACTaBJlRR 3TO 3Ha4eHHe B /5/, nony4HM BeJlH4HHy b = 2,710-4 ¢M. 
naPaMeTpw pe30HaHca, nony~~HHhle Ma, MOmHo YT04HHTb, BhlAeJlHB 

noTeH4HaJ1bHOe pacceRHHe,· CBR3aHHOe C KOPOM. CneAYR pa6oTe'91 , 
npeACTaBHM CHHrneTHY~ ¢a3y B CJleAY~~eM BHAe: 

os (k) = ov (k) -kre, 171 

rAe re - PaAHYC Kopa /T. e. np~ r < re noTeH4HaJ1 "B3aHMOAeHCTBHR 
o6pa~aeTCR B 6eCKOHe4HOCTb/, ov - ¢a3a pacceRHHR, onpeAeJlReMaR 
noTeH4HaJlOM B3aHMOAeHCTBHR nPH r 2. re ; ov MomeT 6b1Tb BblpameHa 
4epe3 AJlHHy pacceRHHR av H 3(j}¢eKTi-1BHblH PaAHYC r V. ¢a3a pacce-

1 S e 
RHHR B So-COCTORHHH YAOBJleTBOPHTeJlbHO onHCblBaeTCR CJleAY~~HMH 
3Ha4eHHRMH naPaMeTpos: 

rs= 0,26 ¢>M , 
e av = -23,96 ¢>M , s rv=1,92¢>M, 

8 . /8/ 

MomHo npeAnonomHTb, 4TO pa36HeHHe (j}a3bl B BHAe /7/ Ha 2 4aCTH 
COOTBeTCTBYeT pa36HeHH~ aMnJlHTYAhl pacceRHHR Ha noTeH4~~~bHY~ 
H ~e3oHaHCHy~ 4aCTH: 

1 
rs = -----------, 

2/rv 
s 

1 

2k 

1 1 V 2 . ---+-r k -1k 
av - ib 2 . s • 

s 
k2 - ...:_g_ _ i(_g_ k + __ 2b_) 

rvav rv rvav2 
s s s s s /9/ 

= 1 r - ---- n 

4/r! • k 

E-E .rn1fy o-1---2 -
~-+- 4b 

2 · V --
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Mbl np11w111,1 K <t>OPMY11e 6pe~Ta-811rHepa C napaMeTpaMl1 Eo = 2 
r va v 

8 8 

R-MaTPl14HWM noBeAeH11eM w11p11HW 
4k ~ f "' --- - VE_ B COOTBeTCTBl111 C 

n rv n 
s 4b 

S-pe3oHaHca; r ~ ----;-ir-.:: const • 4To6bl Bb1Pa311Tb 3Tl1 se1111411Hbl B 
Y rv av 

s s _. 2 
M3B, HymHo ssecT11 MHom11Te11b n 12µ = 41,47 M3B ¢M 2 • TorAa A11R 
np11seAeHHWx awwe 3Ha4eH11~ napaMeTpos no11y411M 

E0 :: -l,8 M3B: fn (1 38) ~ 1.0 K38 ; r :: 20 3B • y 

TaKl1M o6pa30M,nOBeAeH11e aMn1111TYAW pacceRHl1R COOTBeTCTayeT cy
mecTBOBaHl1lO KBa311CTa1.1110HapHoro COCTORH11R AeHTpoHa, pacno11omeH
Horo np11 3Hepr1111 Eo --1,8 H38, 0Tc411TwsaeMoH OT 3Hepr1111 pa3-
aa11a d ·• n I p . 3Heprl1R B036ymA€Hl1R 3TOro YPOBHR pas Ha E*:: 
:: 0,4 M3B. 

KpoMe pacceRHl1R 11 PaA11al.1110HHOro 3aXBaTa He~TPOHOB nPOTOHaMl1 
C nepeXOAOM B OCHOBHoe COCTORH11e A€HTPOHa, 3TOT YPOB€Hb A011)1{€H 
nPORB11RTbCR 11 B PRA€ APYrl1X peaKL.111~: 

1/ntp ,d-1y 
1 t- }'2 /KaCKaA y-KBaHTOB/ 

2/ n + d • d * 1 n 
, 

• <l I }' t II 

3/ p I ct , ct* , p, • ct • y , p, /10/ 

4/ e + d , d * 1 e' . d , l' , e 

5 I y -1 d -• d * • d + r . 

B HaCToRmee BP€MR cymecTsyeT PRA 3KCnepl1MeHTa11bHWX pa6oT,. 
KOTOPble MO)l{HO paccMaTp11aaT b KaK YKa3aH11R Ha cymecTaoaaH11e B03-
6ymAeHHoro COCTORHl1R ,QeHTPOHa. HanP11Mep, B 1975 r. B pa6oTe ·10 , 

6w110 06bRa11eHo o cymecTaoaaH1111 6011bworo ce4eH11R 3axaaTa Ten110-
awx HeHTPOHOB npoTOHaMl1 C BW11eTOM ABYX y-KBaHTOB. noc11eAY10m11e 
3KCnepl1MeHTW nOATBep,QM1111 3KCnepl1MeHTa11bHWH <t>aKT per11cTpa1.11111 
ABYX cosnaAa10m11x y-KaaHToa c CYMMaPHOH 3Hepr11e~ Ey = 2,22 M38, 
OAHaKO o6bRCHRIOT 3TO q)OHOBWMl1 npo1.1eccaMl1, C11eAyeT OTMeTl1Tb, 
4TO ace 5 npoaeAeHHwx 'to- 14 • 3Kcnep11MeHToa AaJOT npeawweH11e HaA 
pac4eTHblM q)OHOM - Ha 20'.i;, TaKl1M o6pa30M, Ae11aTb BblBO.Q O no11HOH 
OWl1604HOCTl1 pa6oTW 'lO'npem,qeapeMeHH0,803MO)l{H0,3A€Cb npoRB11ReT
CR KacKaA y-KaaHTOB. 

8 noc11e,QHee BP€MR 11HTeHCl18HO 1,13y4aeTCR pacceRHl1e 311eKTPOH0B 
Ha AeHTPOHax. 8 pa6oTe '15 ' npMae,QeH cneKTP ~11€KTpOHOB, Heynpy
ropacceRHHblX Ha AeHTPOHe. 0T4€T111180 B11,QeH n11K ynpyropacceRHHWX 
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311eKTPOHOB 11 n11K, CBR3aHHblH C pa3Ba110M e t- d , e' t ll t p, Co
r11aci-lo Kl1HeMaTl1Ke, cneKTP HeynpyropacceRHHblX 311eKTPOHOB A011)1{eH 
pacno11araTbCR np11 3Hepr11Rx E , < E - B /r.Qe E np - · e e ynp n e y . 
3Hepr11R ynpyropacceRHHblX :meKTPOHOB, Bn = 2,222 M3B - 3Hepr11R 
CBR311 A€HTpoHa/. 0AHaKO OT4€T1111B0 B11.QHW 11MnY11bCbl 311€KTPOHOB C 
3Hepr11eH, npeswwaJOmeH Kl1HeMaT114ecK11H npe.Qe11. 3To MOmHo o6bRC-
Hl1Tb npoRs11eH11eM npo1.1ecca e + d ➔ d * + e' c 3Hepr11e~ so36ym-
.QeHMR, M€HbW€H Bn • 

Pe3Y11bTaTW pa6oTW ' 16 ' TaKme .QalOT yKa3aHl1R B n011b3Y cymecT
BOBaHl1R c11Hr11eTHoro A€HTPOHa. B 3TOH pa6oTe no11y4eH cneKTP a-
4aCTMI.I, aw11eTa10m11x a pe3Y11bTaTe pacnaAa 6 Li(2 1

). Heper11cTp11-
pyeMblM 4>parMeHTOM RB11R€TCR (n 1-p) Cl1CTeMa B 1so-COCTORHl111, 
nOCK011bKY aw11eT ,QeHTpoHa B OCHOBHOM COCTORHl111 3anpemeH npas11-
11aMl1 OT6opa no 1130Cnl1HY. B cneKTpe a-4aCTl11.1 Ha611JOAaeTCR Y3Kl1~ 
nMK, KOT~PWH HeB03MO)l{H? on11caTb C noMomblO B3aMMO~eHCTBMR 8 
KOHe4HOM COCTO~Hl111, MCn011b3YR 3KCnePl1MeHTa11bHYIO A1111HY pa~c~R
H11R, naHHwe pa6oTw YKa3waaJOT TaKme Ha cymecTaoaaH11e Al1HeHTpo
Ha 11, B03MO)l{H0, Al1npoToHa /CM. _TaKme ·17 '/. C11eAyeT OTMeH1Tb, 
4TO XOTR MHOr0411C11€HHWe nonWTKl1 o6HapymMTb AMHe~TPOH He Aa11M 
no11om11Te11bHOrO pe3y11bTaTa, ecTb PRA pa6oT, pe3Y11bTaTW KOTOPWX 
MO)l{HO l1HTepnpeT11poaaTb KaK nPORB11eHMR A11HeHTPOHa ' 18 - 20 '. 

B CBR311 C 3H1M YKameM Ha pa6oTbl no HeynpyroMY pacceRHl1lO HeHT
POHOB 11 nPOTOHOB C 3HeprMeH 8 HeCK011bKO M38 Ha ,QeHTpo
Hax'21-23'. Ha rpa¢11Kax ce4eH11H, no11y4eHHwx a 3TMX pa6oTax, 
ae1111411Ha ce4eH11R oKa3wsaeTcR HeHy11eaoH np11 3Hepr11Rx, npeawwa-
10m11x KMHeMaT114ecK11H npe.Qe11 /aHa11or114Ho c11y4aJO c e t d ,e' + n 1- p 

t- II t- p /. Ha coapeMeHHOM YPOBHe 3KCnepv1MeHTa, B11A11MO ano11He 
MO)l{HO onPeAe1111Tb, o6bRCHReTCR 1111 3TOT <t>aKT n110Xl1M pa3peweHMeM, 
111111 HeT. 8 c11y4ae nOATBePmAeHl1R pe3Y11bTaTOB pa6oT ' 21 - 231 MO)l{HO 
6bl110 6bl CAe11aTb BblBOA O Bbl11eTe 4aCTMl.lbl C Macco~ m / 2mN . 

BWBOA AaHHOH pa6oTw COCTOl1T B TOM, 4TO COCTORH11R.C OTPl1L1a
T€11bHOH 3Heprv1eH Cv1CTeMW ABYX HYK110HOB He,QOCTaT04H0°11CC11e,Qo
aaHW, Tpe6ylOTCR 6011ee Tm~TefibHWe 11CC11eAOBaHMR peaKI.IMH /10/. 

AaTOP 611aroAapeH 3a MHOr04l1C11eHHble Al1CKYCCl111 IO .H .noKOTl1110B
CKOMY, B.H.E¢11MOBY, n.6.n11Ke11bHepy 11 C.A.PaKl1TRHCKOMY, 
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Bop3aKOB C,B, 
B3aHMo,a;eikTBHe HeiiTpoHOB Hli3KHX ::rneprnli 
C IlPOTOHaMH H BO3MO~HOCTb-Cy~eCTBOBaHHH 
pe3oHaHca c J 17 = O + • 

PJS-89-430 

. · IloKa3aHa BO3MO~HOCTb onncaHHH 3KCnepnMeHTaJibHblX ,a;aHHblX 
no_11sanMo,a;elicTBrno_HettTpoHoB c npoToHaMu· B 1s

0
-cocToHHHH 

_IlPH HH3_KHX 3Hepr'nHx C IlOMO~blO pesonanca C OTpm.i;aTeJibHOH 
3Heprneli. 06cy~,a;a10TCH 3KcnepnMef1TaJibHb1e pesyJihTaTbI, no.a;-· 
TBep~,a;a10~He TaKoe npe,a;nono~eHne, n npe,a;nara10TCH !1OBbie 3KC
nepHMeHThl no IlOHCKY ~POHBJieHHH 3TOPO pe3OH~Hca. 

Pa6oTa BblilOJIHeHa B J1a6opaTopuu HeHTpOHHOH !pli3HKH mum .. 

- . 

Coo61.1-1eime 06'Le,n;HiteHHoro HH
0

CTHTyn R,ll;epHblX HCCJie,D;OB8HHH. )];y6Ha :1989 . 
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Borzakov S. B. · -·· PIS-89-430 
The .Neutron-Proton Interaction at LOWiEnergies 
and Possibility of the Resonance Existance J 17 = Q°+-

• •• 0 The possibility of description of experimental data on 
1s0 -state neutron-proton i.nteraction at low energies with 
the help of-the resonance with negative energy is discus
sed. Experimental results which confirm this hypothesis 
are ·ob.served and. new -experiments on search for this reso-. 
n.ance are. proposed. 
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