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1. BBE,ll.EHHE 

Bo MHOri-1X pa6oTaX HCC!leAOBa!lCR BOnpoc 0 TOM, KaK pa311H4Hble 
CnOC06bl npOAO!l>KeHHR nHOH-HYK!lOHHO~ MaTPI-11..\bl pacceRHI-'IR t 71N BHe 
3HepreTH4eCKOA 11N -noeepXHOCH1 CKa3b1BaiOTCR Ha xapaKTepHCTHKax 
11A pacceRHI-'IR npH npoMe>KyT04HbiX 3Heprr.1RX I eM. 1 1·31 I. obrno no
KaaaHo, 4TO B C!ly4ae ynpyroro 11A pacceRHf.'IR H3MeHeHHR, B03HHKatO
~f.1e npl-1 pa3HbiX Bbt6opax t 71N BHe 3HepreTI-14eCKO~ noBepXHOCH1, 
B 1..\e!lOM He C!111WKOM Be!li-1KH. 3TOT $aKT RB!lReTCR KOCBeHHbiM yKaaa
HHeM Ha TO, 4TO OCHOBHble 4epTbl ynpyroro 11A pacceRHI-'IR onpeAe!lRIOT
CR TaKHMI-1 npOI..\eCCaMI-1 nepepacceRHHR, B KOTOPbiX nHOH HaXOAHTCR 
Ha 3HepreTH4eCKOA noeepXHOCTI-1. 0AHaKO pO!lb 3THX 3$$eKTOB B yn
pyroM 11A pacceRHI-11-1 HCC!leAOBaHa AOBO!lbHO nnoxo, XOTR B pa6o-
T ax I 4·SI 6bl!10 3aMe4eHO, 4TO paC4eTbl, BbtnO!lHeHHble C y4eTOM 
TO!lbKO 11A nepepacceRHHR Ha 3HepreTH4eCKOA noBe~XHOCTI-1, AOBO!lbHO 
xopowo eocnpoi-13BOART 3KcnepHMeHTa!lbHble AaHHbte, r naBHbiM o6pa-
30M, a paAoHe 3HeprH~ A(3,3)-peaoHaHca. HeKoTopble TeopeTI-14eCKI-1e 
acneKTbl, HMeiO~He OTHOWeHHe K 3TO~ npo6neMe, 06CY>KAa!lHCb B !7,BI, 

HaMH 6bt!10 npeArl-PHHRTO CHCTeMaTH4eCKOe HCC!leAOBaHI-'Ie PO!lH 
~~ -~~~~~~C~~~~~~ ria ~nc~l CI~~~~KU~ nueepXHOCTI-1, 3$~eKTbl KOTO
pOrO BbiAe!lR!lHCb nocpeACTBOM y4eTa B nHOH-RAePHO~ ~YHKI..\HI-1 rpi-1Ha 
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TO!lbKO eToporo cnaraeMoro 

G(E) "'-i11o(E-K -H) 
71 A /2/ 

/K 71 - onepaTop KHHeTI-14ecKoA 3Hepri-1H nHoHa, H A- raMI-11lbTOHI-1aH 
RApa, a CHMBO!l p 03Ha4aeT HHTerpHpOBaHI-1e B CMbiC!le rnaBHOrO 3Ha-
4eHHR/. obl!lO npoaHa!li-13HpoeaHo ynpyroe pacceRHHe nHoHOB Ha RA
pax 3 He, 4 He, 1lb ,160 1124Mg a AHanaaoHe aHeprHA T 77 = 50-250 MaB. 
Pac4eTbl npoBOAI-111HCb a paMKax onTH4ecKoA MOAe!lH /OM/ c noTeH-
4~-'~anoM nepeoro nopRAKa U <1l. B cny4ae ynpyroro "4He pacceRHI-'IR 
I-1CnO!lb30Ba!laCb TaK>Ke OM c noTeHI..\1-'fa!lOM BToporo nopRAKa u<2l.KpaT
KOe onHcaHHe $opMa!lH3Ma OM 1-1 npo1..1eAYPbl nocTpoeHI-'IR noTeHL(I-'tanoe 
u ( 1l H uC2) COAep>KHTCR B pa3Ae!le 2. B paaAe!le 3 npoBOAHTCR cpae
HeHHe pe3y!lbTaTOB Bb141-1C!leHHA B npH6!1H>KeHHI-1 /2/ C paC4eTaMH no 
OM c no!lHOA $yHKL(HeA rpHHa /1/. noKa3aHo, 4TO pac4eTbl B paMKax 
npH6!1H>KeHHR /2/, KOTOpoe cy~eCTBeHHO ynpo~aeT paCCMOTpeHI-'Ie 3a-
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Aa4H rrA pacce~HH~, AOBOilbHO xopowo onHCbiBa~T 3KcnepHMeHTanb
Hble AaHHble. Oco6eHHO xopowee cornac1-1e c 3KcnepHMeHTOM nony4aeT
c~ Ail~ ner4a~w1-1x ~Aep. C pocToM 3HeprHH HaneTa~ero nHoHa 34>
!l>eKTbl nHOH-~AepHoro nepepacce~HI-1~ CO CXOAOM C 3HepreTH4eCKO~ 
rrA noeepXHOCTI-1 CTaHOB~TC~ BCe MeHee CyiJieCTBeHHbiMI-1. 06CY>KAeHHe 
pe3yilbTaTOB 1-1 HX aHaJll-13, npoBeAeHHbl~ B pa3Aelle 4, n03BOil~~T 
CAeilaTb BbiBOA 0 TOM, 4TO nHOH-~AepHOe nepepacce~HHe Ha 3Hepre
Tio14eCKO~ noeepXHOCTI-1 AaeT OCHOBHO~ BKilaA B ynpyroe rrA pacce~
HHe. 

2. OnTt-t4ECKAH MOAEnb C nOTEHUt-tAnAMI-1 nEPBOrO 
1-1 BTOPOrO nOPHAKOB U (1) 1-1 U (2) 

noAp06Hoe onHcaHHe npo~eAYPbl nocTpoeHH~ onTH4eCKHX noTeH
~Hanoe 0(1) 1-1 0(2 ) COAeP>KHTC~ B pa6oTaX 19"111 • no3TOMY 3AeCb 
Mbl orpaHH41o1MC~ Ili'!Wb nepe4HCJ1eHHeM OCHOBHbiX HHrpeAHeHTOB, BXOA~

IJII'IX B COCTaB U (1) 1-1 U (2) • 
B HMnYilbCHOM npocTpaHcTee noTeH~Han nepeoro nop~AKa Ail~ 

~AeP c HyneBbiM cn1-1HOM 1-1 H30CnHHOM I J = T = 0 I HMeeT BI-1A 

( 1) ~ ~ .... .... ~ .... 
U (Q',Q, E) =(A-S) <k r it(w)lki > ~oo (Q'-Q), 131 

rAe ~OO (Q '- Q) - !l>OPM!l>aKTOP ~Apa, Q' 1-1 Q - I-1MnyJ1bCbl n1-10Ha B 
CHCTeMe ~eHTpa Mace nl-1oH-~APO l6yAeM o6o3Ha4aTb ee ACMI, w-
3HenriAR nlAOHM R ("'LAf""TPMP ·~PI-IT!"';:a M-?f"'(' nN /2CM/., !:~~~ ~~;~;.::~~~ ::~~5-

XOAI-1MO Bbi41-1Cil~Tb nHOH-HYKJlOHHy~ t -MaTpH~Y, K03!l>!l>l-1~1o1eHT S 
npHHio1MaeT 3Ha4eHH~ 0 1-1111-1 1 , B 3aBHCio1MOCTio1 OT lo1CnOilb3yeMO~ CXeMbl 

B /121 s 0 TeopHH MHoroKpaTHoro pacce~HI-1~. B MOAeill-1 aTcoHa = , 
!l>OpMailH3MY KepMaHa-MaKMaHyca-Tanepa/13/ COOTBeTCTsyeT S = 1. 
i-1MnyilbCbl nHOHa k 1-1 k. B Clo1CTeMe 2CM CB~3aHbl C a, 1-1 d TaKI-1Mio1 r 1 
COOTHOWeHH~MI-1 

A-1 
2A 141 

~ 

k 

rAe ll - npHBeAeHHa~ Macca 11N, a M- Macca HYKJlOHa. 3HeprH~ w 
s cHCTeMe 2CM CBA3aHa c 3Heprl-1e~ E e ACM cneAY~IJIHM o6pa3oM 1111 : 

w E 
1 A 1 ~ ~2 

.!!... ---(Q' + Q) 
8M :nJ A 

151 

2 

Bb160p 3<1><!JeKTHBHbiX HMnyJlbCOB k r 1-1 k\ B !l>OpMe 141, a TaK>Ke 
CB~3b 151 Me>KAY E 1-1 w o6yCJ10BJ1eHbl HaWHM MeTOAOM y4eTa !l>ePMI-1-
ABH>KeHH~ HyKJlOHOB 1-1 cnoco60M annpOKCHMa~l-11-1 MHOr04aCTI-14HOrO 
onepaTopa r, oTeeTCTBeHHoro 3a pacce~HHe nHoHa Ha ce~3aHHOM 
HYKJlOHe ~Apa. KaK nOKa3aHO B /11/, COOTHOWeHI-1~ 141-151 o6ecne-
41o1Ba~T raJlHJleeBCKY~ I'IHBapHaHTHOCTb 0( 1) 1-1 Aa~T MI'IHHMaJlbHY~ OWI-16-
Ky npl-1 lo1CnOJ1b30BaHHio1 npH6J1H>KeHio1~ !l>aKTOplo13a~Hio1 131. 

B cny4ae ~APa 3 He (J = T = 1/2) noTeH~HaJl 131 HMeeT 6onee 
CJlO>KHY~ CTPYKTypy, KOTOpa~ nOAP06HO OnHCaHa e 1101 . 

KaK BHAHO 1-13 141-151, onTH4eCKH~ noTeH~Hail 131 Ha 3HepreTH-
4ecKo~ 11A noeepxHOCTH (Q = Q' =...; 2mE coAeP>KHT MaTpH4Hble 3ne
MeHTbl 11N t-MaTpH~bl KaK Ha 3HepreTH4ecKo~ rrN noeepxHoCTH, TaK 
1-1 BHe ee. 0AHaKO OCHOBHa~ 4aCTb nHoH-HYKilOHHbiX "off-shell" 34>
!l>eKTOB, HeCOMHeHHo,nOflBil~eTC~ TOJlbKO npl-1 y4eTeHHTerpaila B CMblc-

( 1) ... ... 
Ile rnaBHOrO 3Ha4eHH~ B 111, B KOTOPOM U (Q', Q, E) BXOAHT 
npH npOI-13BOJ1bHbiX 3Ha4eHH~X a, 1-1 d. 

nlo'loH-HYKilOHHa~ MaTpH~a t 71N Ha 3HepreTH4eCKO~ noeepXHOCTI-1 Bbl-
41o1CJ1~IlaC b C nOMOIJib~ 4>a3 rrN pacce~HI-1~, B3~Tb1X 1-13 pa6oT I 14 • 1&/ 

BHe 3HepreTH4eCKO~ noeepxHOCTH npeAnonaranocb, 4To t 71 N cenapa-
6eilbHa 1-1 ee noeeAeHHe onpeAeil~IlOCb 1-13 peweHH~ o6paTHo~ 3aAa4H 
11N pacce~HH~ no MeTOAY 1161 • 

i-1H!l>OpMa~H~ 0 ~AePHbiX !l>OpM!l>aKTOpax ~ OO (d'- Q) 6pailaCb 1-13 
AaHHbiX no pacce~HH~ 3JleKTpoHOB Ha ~Apax. KynoHOBCKHe 3!l>!l>eKTbl 
y4HTb1BaJ1HCb TaKHM >Ke cnoco6oM, KaK 1-1 e pa6oTe 1171. B pac4eTax, 
npOBeAeHHbiX B npH6IlH>KeHio11o1 121, paCCMaTpHBailHCb MaTplo14Hble 3Ile
MeHTbl KYilOHOBCKOrO noTeH~Haila TOilbKO Ha 3HepreTH4eCKO~ rrA no
eepXHOCTI-1. 

npl-1 Bb141-1CJ1eHHI-1 rr 4He pacce~HI-1~, Hap~AY C 0( 1
), Mbl B HeKOTOpbiX 

cny4a~x HCnOilb30BaJ1H 1-1 noTeH~Han eToporo nop~AKa U <2 ) , I-1Me~lll~'~~ 
BHA /91: 

U (2 ) (Q ', Q, E) = (A - 1) (A - S) < Q' 0 I t (w 1 ) G(E) t (w 2)' 0 Q · * 

* C 00 (q 1q2 ) -(A-S)2 <Q'Oit(w 1 )IOQ">G 00 (E) * 

*<Q"Oit(w 2 )10Q>~oo (ql) ~oo (q2), 

161 

...... -+ , .... ,, .... ...... -+ ~ 

rAe q 1 =Q -Q q 2 =Q"-Q, a c00 (q1 q 2 )- 4>YPbe-o6pa3 OT AByx-
4aCTH4HO~ ~AepHO~ nilOTHOCTI-1 

171 

B HawHx pac4eTax Mbl Y4HTblsanH TOJlbKO AailbHOAe~CTBY~IJIHe Kop
pen~~~'~~'~• CB~3aHHble C ABH>KeHHeM AApa KaK ~enoro. B Cily4ae 4He 
C00 (~a~ Bbi41-1CJ1AilaCb Ha OCHOBe MOAeill-1 rapMOHH4eCKOrO OC~I'IIlilATO
pa. 3 



B CTaHAapTHO~ OM noTeH\.IHaiJbl u (1) 1-1 u (1) + u<2> HCnOI1b3YIOTCR 
AIIR annpOKCHMal..!l-11-1 onTH4eCKOrO noTeHL!HaiJa U(E) , C KOTOpbiM pewa
eTCR ypaBHeHHe flHnnMaHa-lliSHHrepa 

T(E) = U(E) + U(E) G(E) PT(E). !81 

rAe p - npoeKL!HOHHbl~ OnepaTop Ha OCHOBHOe COCTORHHe RApa, 
P= IO > < 0 I. Mbl pewaiJH /8/ IJ!-160 c nOIJHO~ 4>YHK\.1He~ rpHHa G(E) 
/1/, IJI-160, AIIR BbiAeiJeHHR nHoH-RAePHbiX nepepacceRHH~ Ha 3Hepre
TH4eCKO~ nosepXHOCTH, Y4HTbiBaiJH TOilbKO 4IJeH C 8-ij>yHKL!He~ /2/. 
B TaKOM CI1y4ae HHTerpaiJbHOe ypasHeHHe /8/ CBOAHTCR K anre6paH-
4eCKOMY ypaBHeHHIO: 

T(E) = U(E) - irrU(E) B(E- K 17 - HA)PT(E). /9/ 

3. PE3YflbTATbl PAC4ETOB YnPYrOrO rrA PACCE.slHH.R 

Ha pHc. 1-5 cnnowHoH IJHHHe~ noKa3aHbl pe3YI1bTaTbl pac4eTos 
ynpyroro pacceRttHR rr -Me3oHos Ha RApax 3 He , 4He , 12c , lEI 0 1-1 
24Mg, BblnOIJHeHHbiX B npH6IJHmeHHH /2/ C noTeH\.IHaiJOM nepsoro nopRA
Ka /3/. illTpHXOBble IJHHI-11-1 Ha PHC,1-5 COOTBeTCTBYIOT peWeHI-110 /8/ 
c noTeH\.lll!aiJOM u<l) 1-1 noiJHOH 4>YHKL!He~ rpHHa /1 I. 

~~w a~n~n u~ nur 1-~ n~rUPT~ A nnufinuwP~UM /?/ nnAnn~~n 

xop~~~ ;n~c~sa~T.~ 3~~ne~~M~~TaiJb~bre A~HHble. }:tnR ~e~K~X RAep 3He 
1-1 4He /eM. pHc.1-2/ oco6eHHO xopowee cornac1-1e nony4aeTCR npH 
MaiJbiX 3HeprHRX T 

17 
< 1 dO M3B. B 3TOH o6nacTH 3HeprHH y4eT ne

pepacceRHH~ TOilbKO Ha 3HepreTH4eCKO~ nosepXHOCTH npHBOAHT K 
yMeHbWeHI-110 AH4>4>epeHL!HaiJbHbiX ce4eHH~ Ha ij>aKTOp - 2, no cpasHeHHIO 
c pe3yiJbTaTaMH o6b14HO~ OM. npasHIJbHO socnpoH3BOAHTCR nonomeHHe 
1-1 rny6HHa MIIIHHMyMa B do/da. 

B cny4ae pacceflHHR rr -Me3oHos Ha RApax 12 C 16o 1-1 24 Mg np1-1 
MaiJbiX 3HeprHRX T 17 -50 M3B pac4eTbl no OM c U <1>', He y4HTbiBaiOI!lHe 
HCTIIIHHOrO noriJOI!leHHR nHOHOB, He AaiOT, KaK I-13BeCTHO, XOpowero 
onHcaHHR 3KcnepHMeHTaiJbHbiX AaHHbiX. TaKaR me CHTYaL!HR HMeeT 
MecTo 1-1 a npH6IJH)I(eHHH /2/. B o6nacTH f1{3,3) -pe3oHaHca cornacHe 
TeopeTH4eCKHX pac4eTos c 3KcnepHMeHTaiJbHbiMH A<'~HHbiMH 3Ha4HTeiJbHO 
yny4waeTCR. Bbi4HCIJeHHR, ablnonHeHHble s npH6IJHmeHHH /2/, npasHnb
HO BOCnpOI-13BOART OCHOBHble xapaKTepHCTHKH do/dO. 

Ha p1-1c.6 noKa3aHa 3aBHCHMOCTb noiJHbiX a~t 1-1 nonHbiX ynpyrHx 
a n Ce4eHH~ rrA pacceRHI-1.11 OT aTOMHOro HOMepa RAPa A npl-1 $HKCH-eL _ 

6 posaHHOH 3HeprHH nHoHa T 
17 

= 1 5 M3B. BHAHO, 4TO c ysem14eHHeM 
A pa3HOCTb MemAY ce4eHHRMH, pacc4HTaHHbiMH a npH6IJH)I(eHHH /2/, 

1-1 B paC4eTe C nOIJHO~ ij>yHKL!He~ rpHHa, yMeHbWaeTCR. 3TO nOATBep
mAaiOT 1-1 pe3yi1bTaTbl, npHBeAeHHble a Ta6n.1, rAe TaKaR me 3aKoHo
MepHOCTb npocnemHsaeTcR 1-1 npH APYrHx 3HeprHRX HaiJeTaiOIIlero nHoHa 
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PHc. I . .llHcWJepeH~HaJibHble ceqe

HH.R ,- 3 He yrrpyroro pacce.RHHR. 

IIITpHXOBbiMH JIHHHRMH rroKa3aHbJ pe-

3YJibTaTbl pactJeTa rro OM c u<1> 
lrrop.,xop., KMT, S = I I H rronHoif 

cpyHK~Heif fpHHa I I I. CrrnomHblMH 

JlHHH.RMH HaHeCeHbl pe3yJibTaTbl BbJ

tJHCJieHHH B IlpH6JI~eHHH 121. 
3KCIIepHMeHTaJlbHble P.,aHHble B3.11Tbl 
lf3 pa6oTbl 1221 • 
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PHc. 2. ,UHcWJepeH~HaJibHble cetJeHHH 

rr- 4 He yrrpyroro pacce.RHHH. 06og

HatJeHlf.R KpHBb~ 3P.,eCb H Ha 

pHC.3-5 TaKHe )l(e, KaK H Ha 

pHc. I . 3KcrrepHMeHTaJibHble p.,aH

Hble - H3 pa60T 123•241 
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Pnc. 3. )lnqxpepeHIJ;HaJibHbie ce'leHHfl 11 + 12c yrrpyroro pac
ceHHHfl. Pac'l:eTbi cp;eJiaHbi B rrop;xop;e BaTCOHa, S = 0. 
3KcrrepnMeHTaJibHbie p;aHHbJe - H3 pa6oT /25,26/. 
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Pnc. 4. ,ll!iqxpepeHIJ;liaJibHbie ce'l:eHHH rr + 160 yrrpyroro pac
ceflHHH. no,o;xop; BaTCOHa' s = 0. 3KcrrepnMeHTaJibHbJe 
p;aHHbie - H3 pa60Tbi 1271. 
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Bcmf-zpaiJ) 

PHc.5. UH~epeH~HanbHhle ce~eHHH rr+ 24 Mg ynpyroro pac
ceHHHH. ITo~xo~ BaTcoHa, S = 0. 3KcnepHMeHTanbHhle 
~aHHhle - H3 pa6oThl /281• 

T". Aanee, ~3 Ta6n.1 B~AHO, 4TO pa3HOCTb MemAY peaynbTaTaM~ 
nonHoro ~ np~6n~meHHoro pac4eToe yMeHbwaeTc~ c pocToM T". 

4. OoCY~AEHHE PE3YnbTATOB H BMBOAM 

PeaynbTaT~, noKa3aHH~e Ha p~c.1-5, a TaKme e Ta6n.1, ~Me~T 
cneAy~~~e xapaKTepH~e oco6eHHOCT~: 

1. B~AHO, 4TO np~6n~meH~e /2/ YAOBneTeop~TenbHO on~c~eaeT 
3Kcnep~MeHTanbHble AaHHble e w~poKoi1 o6nacT~ 3Hepr~i1 ~ An~ ecex 
paccMaTp~eaeM~x ~Aep. CTeneHb eocnpoM3BeAeH~~ 3Kcnep~MeHTanb
H~x AaHH~x, nony4eHHa~ e np~6n~meH~~ /2/, ~ e OM c nonHoi1 
$yHK4~ei1 rp~Ha /1/, np~MepHO OA~HaKOBa. 

2. B cny4ae pacce~H~~ Ha nerK~x ~Apax B~4McneH~~ e np~6n~
~eH~~ /2/ c~cTeMaT~4ecK~ ny4we cornacy~Tc~ c 3Kcnep~MeHTanbH~M~ 
AaHH~M~, He~en~ peaynbTaT~ nonHoro pac4eTa c nonHoi1 $YHK4~ei1 
rp~Ha /1/. 

8 

5 ~--,-------r- ..-----.-- ' ' ' ' T 

T.Jr=165 MaB 
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PHc.6. 3aBHCHMOCTb nonHhlX utot H nonHhlX ynpyrHx uel 
ce~eHHH rrA -pacce.IIHHH OT aTOMHoro HOMepa A npu 
T" = 165 M3B. Pe3ynbTaThl nonHoro pac~eTa c u<l) o6o3-

U!:IUOU'L.J I) vnoi'"T"'-' V - "'~rona.,.. n TTY'\.TZ~TTYrm"O'l.ruu /')I ~!':!:::.!'!~---- ----- -, -·r----- -- ~-- --- - --r··-···-··-j ........... '_, • 
pHMeHTanbHhle ~aHHhle B3HThl H3 pa60Thl 129 • llpHMhle nHHHH 
npOBe~eHhl TOflbKO ~H y~06CTBa BOCnpHHTHH. 

3. PacxomAeHMe MemAY nonH~M ~ npM6n~meHH~M pac4eTaM~ Ha~~o
nee een~KO B o6nacT~ Man~x 3Hepr~i1. 

4. C yeen~4eH~eM 3Hepr~~ n~oHa peaynbTaT~ nonHoro ~ np~6n~
meHHoro pac4eTOB Mana 4eM OTn~4a~TC~ APYr OT APYra. 

B 4enoM , M3 cpaeHeH~~ MemAY nonH~M pac4eTOM ~ np~6n~me
H~eM /2/ MOmHO CAenaTb B~BOA 0 TOM, 4TO onpeAen~~~~i1 BKnaA 8 
ynpyroe rrA pacce~H~e BHOC~T Te npo4ecc~ nepepacce~H~~. e Ko
Top~x nMOH HaXOA~TC~ Ha 3HepreT~4eCKOi1 rrA noeepXHOCT~. 

0AHaKo, TaK KaK ace pac4eT~ 6~nM CAenaH~ B OM c u<l). OCTaeT
c~ Hee~~cHeHH~M, He ~en~eTc~ n~ T aKoe AOM~H~poeaH~e "on-shell" 
npo4eccoe ecero n~wb oTpa~eH~eM Tex np~6n~meH~i1, KoTop~e ~c
nonb3Y~Tc~ np~ nocTpoeH~~ OM c u<1> /HanoMH~M, 4TO ocHOBH~M~ 
np~6n~~eH~~M~ B OM c u<l) ~Bn~~TC~ np~6n~meH~e KOrepeHTHOro 
pacce~H~~ ~ ~MnynbcHoe np~6nM>:<eHMe/. 4To6~ npo~cH~Tb 3TO o6cTo
~TenbcTeo, M~ BblnonH~n~ An~ " 4 He-pacce~H~~ pac4eTbl no OM 
C noTeH4~anOM BTOporo nop~AKa U(~ /eM. COOTHOWeH~e /6//, B KO
TOpOM, KaK ~3BeCTHO /9,13/, COAep~~TC~ nonpaBKa K ~MnynbCHOMY 
~ KOrepeHTHOMY npM6n~~eH~~M. 
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0THOCHTeJlbHaH pa3HOCTb 
nonHbiX (~ tot} H ynpyrHx 
B OM c nonHoH ~YHKIJ;HeH 
/2/ - a 2 , BbJqHcneHHaH 

a1-a2 

Ta6riHn;a 

Me~y pe3yJlbTaTaMH pacqeTOB 
(~ef ) ceqeHHH rrA pacceHHHH 

fpHHa /1/ - a 1, H B npH6n~eHHH 
npH Tpex tPHKCHpOBaHHbiX 3HeprHHX 

TIM3B/ ~ 3He 4He 12 0 1e0 24Mg 

50 ~ ef 0,53 0,26 0,17 o, 16 0,16 
~tot 0,41 0,22 0. 16 0,17 0,08 

110 ~ee 0,23 0' 16 0,12 0,04 0,07 
~tot 0, 16 0,13 O, I 0 0,09 0,08 

180 ~ ef 0,03 0 0,006 -0,04 -0,06 
~tot 0,006 0 0,006 -0,01 -0,02 

Ha pHC.] WTPHXOB~MH flHHHRMH nOKa3aH~ pe3yflbTaT~ pac4eTOB 
B OM c noTeHLIHanoM u<1) + u<£). KOrAa B <llYHKLIHH rpHHa, BXOARllleH 
a ypaaHeHHe /b/ AnR u(~). ocTaanRncR TonbKO 4neH c o-<tlYHKLIHe~. 
KaK BHAHO, pe3ynbTaT~ TaKHX B~4HCfleHHH He CHflbHO 0TflH4a~TCR OT 
Bbi4HCneHHH C U (1) + U (2 ) H nonHOH <tlYHKLIHeH rpHHa /cnnOWHble 
flHHHH/. 3TO CBHAeTeflbCTayeT 0 TOM, 4TO H B 4fleHaX BTOporo no
PRAKae nHoH- RAePHbre "off-shell" 34l<tleKTbl AOC TaT04HO Manbr. CneAoea
TenbHo, MO~HO O~HAaTb, 4TO B~BOA 06 onpeAeflR~eH ponH rrA nepe
pacceRHHH Ha 3HepreTH4eCKOH noaepXHOCTH RBflReTCR AOCTaT04HO o6-
~MM, OTH~Ab He CBR3aHH~M C KaKHMM-TO cnellH$M4eCKHMH npwfinH~e

HMRMM, wcnonb30BaHHbiMH B OM c uO> . 
To, 4TO npH6nw~eHH~i1 pac4eT eo MHorwx cny4aRx pa6oTaeT 

ny4we, 4eM nonHbiH, wn11, 4TO TO ~e caMoe, y4eT pacnpocTpaHeHI1R 
n110Ha BHe 3HepreTH4eCKOH noaepXHOCTH HHOrAa YXYAWaeT cornac11e 
C 3Kcnepi1MeHTaflbHbiMI1 AaHHbiMI1, MO~eT fibiTb o6ycnoaneHO ABYMR 
npH411HaMH. 

Bo-nepabrx, cenapa6enbHaR $OpMa nl1oH-HyKnOHHOH "off-shell" aM
nnHTYA~. KOTOpaR HCnOflb3yeTCR npaKTH4eCKH BO ecex pac4eTaX no 
OM, 11MeeT ceoe TeopeTH4ecKoe o6ocHoeaHHe flHWb e o6naCTH M3,3)
pe3oHaHca. KaK B11AHO 113 pe3ynbTaToe Ta6n. 1, caMoe 6onbwoe pac
xo~AeHHe Me~AY nonHbiM 11 np116n11~eHH~M pac4eTaMH AeHCTBI1TenbHO 
B03HHKaeT B o6naCTI1 ManbiX 3HeprHH /T17 < 100 M3B/, rAe CXOA 
c 3HepreTH4ecKOH rrN noeepxHOCTH, onpeAenReM~H MOAenb~ cenapa-
6enbHbiX rrN -noTeH4HanOB, HOCHT AOBOflbHO ycnoBHbiH xapaKTep. 
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PHc.7. PacqeT AH.P.PepeHD;HanbHbiX ce
qeHHH ynpyroro rr- 4 He, pacceHHHH 

(l) 
B m1 C U - WTpHX-nyHKTHpHble nH-
HHH, C u< l) + U ( 2) - CIIJlOWHble JlH-
HHH., C U( 1) + U (2), HO B tPYHKI.\HH 
fpHHa G(E), BXOAHiqeH B I 6 I, rAe 
OCTaBJleH TOJlbKO qJleH C l) -.pyHKIJ;H
eH - WTPHXOBble JlHHHH, 

KaK noKa3b1Ba~T pe3ynbTaTbl Ta6n.1, 
caMa no ce6e eeni1411Ha "of€-shell" 
34l<tleKTOB MeHbWe acero s o6nacTH 
~(3.~ -pe3oHaHca. 

Bo-aTop~x. OM c u< 1
) He Y4MTbl

eaeT PRAa aamHbiX 34l<tleKTOB, CBR3aH
HbiX C KOrepeHTHbiM 11 HMnynbCHbiM 
npw6nHmeHMHMH. Me~AY TeM ecTb oc
HosaHI1R nonaraTb, 4TO s T04HoH 
TeOpMI1 MHOrOKpaTHOrO paCCeRHMR 
AOnmHo npoi1CXOA11Tb 3Ha411TenbHoe 
COKP3llleH!o1e nlo10H-RAepHbiX "of€-shell" 
34l<tleKTos, npwcyliii1X OM c noTeHLI"'anoM 
U(l) H TeMM '-lneHaMI1, KOTOpble B03HH
Ka~T npw y4eTe noTeH411anos 6onee f 

tlbii..UKI'IX IIU~H1AKUI:I, 

AnR Taro, 4T06bl nposepi1Tb 3TO 
OfiCTORTenbCTBO, M~ B~nOJ1HI1J111 p3C4e
T~ rr 4 He ynpyroro pacceRHI1R a OM 
C noTeHLIH3J10M BTOporo nOPRAKa U(2). 

np11 3TOM Mbl 33AaBanw rrN $OpM$3KTOP 
g e (k), onpeAeMIOIIIHi1 noseAeHwe 
napl.IH3J1bHOH t~~ BHe 3HepreTH4ec
KOi1 noeepXHOCTH, 

/10/ 

rAe a 2 = 0, 056 4lM 2. np11 Bb16ope napaMeTpa A = 4 noeeAeHI1e $OpM
<tlaKTopa /10/ He Cl1nbHO OTnl14aeTCR OT Toro, KOTOpoe nony4aeTCR 
np11 peweHI1H o6paTHOH 3aAa4H rrN-pacceRH11R no MeTOAY l161, AnR 

AOM11HMPY~llleH e rrN -pacceRHMI1 P33 -eonHbl. MeHHR 3Ha4eHwe A 

ll 



• 

Ta6JIHI-\a 2 

3aBHCHMOCTb ceqeHHfi ynpyroro w- 4He pacceHHHH aJ OT 
pa3n~Horo npo~o~eHHH t"N BHe sHepreTHqecKofi noBepx-

HOCTHj /). = 8 (1)/ 8 (2), r~e 8 
a (A 1 ) - a(,\ 1 + 1 ) 

a(,\ i ) + a(,\ 1 + 1 ) 

- OTHOCHTenbHOe H3MeHeHHe ceqeHHH npH BapbHpOBaHHH,\ , 
paccqHTaHHOe B OM c noTeHI-\HanOM u<0(8 (1)) H 
u<o + u (2) -(8<2> > 

T~(~bB) 
t'-et (~.M~) 

ill • ~. di') u<t)+Vl%) ' .. A 

5I I 2 54,I 39,3 

7,8 
2 4 48,0 33,7 

4,8 
3 6 45 I 382 

75 I 2 90,8 8I,6 

2,8 
2 4 85,I 77,4 

2,2 

3 6 77,9 74,4 

I45 I 2 I86,9 224,5 

0,97 
2 4 I68,7 202,0 

I,O 
3 6 I5b,9 I~,4 

MO~HO ~ccneAOBaTb 4YBCTB~TenbHOCTb ce4eH~H tr 4 He-pacce~H~~ 
K noBeAeH~~ ~N BHe 3HepreT~4eCKOH noeepXHOCT~. 

KaK B~AHO ~3 Ta6n.2, A06aeneH~e u<2> cy~eCTBeHHO yMeHbwaeT 
4YBCTB~TenbHOCTb Ce4eH~H K "off-shell" 3<f>$eKTaM 1 OC06eHHO np~ 
ManbiX 3Hepr~~x. B o6nacT~ l:l(3,3)-pe3oHaHca ponb "off-shell"3<f><f>eK
Toe, no-e~A~MOMy, eoo6~e Mana /eM. Ta6n. 1/. 
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TaKa~ B3a~MHa~ KOMneHca~~~ "off-shell" 4neHos oT U (1) ~ 6onee 
B~COK~X nop~AKOB n03BOn~eT nOH~Tb, n04eMy pe3ynbTaT~, nony4eH
H~e B np1-16n1-1~eHVII-1 /2/, B KOTOpOM HeT Hl-1 "off-shell" 3¢l<f>eKTOB OT 
U(l), H~ nonpaBOK 6onee B~COKI-1X nop~AKOB K OnT~4eCKOMy noTeH~~a
ny, AOBonbHO xopowo eocnpoi-13BOA~T 3Kcnep~MeHTanbH~e AaHHble. 
i-13BeCTHO /12,131, 4TO KOppeK~VII-1 K u<1> o6paTHO nponop~~OHanbH~ A, 
no3TOMY 1-13 ~3nO~eHHOrO B~We CTaHOB~TC~ noH~TH~M, n04eMy pac
XO~AeH~e Me~AY np1-16n~~eHHbiM ~ nonHbiM pac4eTaM~ Ha1-16onee cy
~ecTeeHHO e cny4ae ner4aHWVIX ~AeP /eM. p1-1c.6 ~ Ta6n. 1/. 

AononH~TenbH~M apryMeHTOM e nonb3Y ynoM~HyToro e~we coKpa~e
H~H "off-shell" 3<f><f>eKTOB MoryT cny>K~Tb pe3ynbTaTbl pa60Tbl !?I, B 
KOTOPOH MOAenb fnay6epa B~BOA~TC~ 1-13 Teop~~ MHOrOKpaTHOrO pac
ce~HVI~. B 3TOH pa6oTe noKa3aHo, 4TO e rnay6epoecKOM npeAene 
"off-shell" 4neHbl, B03H~Ka~VIe np~ nepepacce~H~~x en noT b AO 
A -KpaTHOrO, nOnHOCTb~ COKpa~a~TCH CO BCeMI-1 4neHaM~ BbiCWeH 
KpaTHOCT~. Pe3ynbTaT~ pa6oT /19·20/, rAe rrA -ynpyroe pacceHH~e 
aHanl-13~poeanocb e paMKax MOAen~ rnay6epa, AeMoHcTp~py~T xopo
wee cornac~e c 3Kcnep!-1MeHTanbH~MI-1 AaHHbiM~ y~e np~ T" - 150-
200 M3B. npi-1 6onee H~3K~X 3Hepr~HX MOAenb fnay6epa, B 6yKeanb
HOM CMbiCne, OKa3biBaeTC~ Henpi-1MeHI-1MOH, OAHaKO MO~HO 0~1-1AaTb, 4TO 
HeKOTOpOe 4aCH14HOe COKpa~eHVIe "off-shell, 3c!J<f>eKTOB OCTaeTCH 
B Cl-1ne. 

TaK~M o6pa30M, pe3ynbTaTbl, nony4eHHble e HaCTOH~eH pa6oTe, 
CB~AeTenbCTBY~T 0 AOM~H~py~~eH pan~ B ynpyroM wA pacceHH~~ Tex 
npo~eCCOB, KOrAa B npoMe>KyT04HOM COCTOHHI-1~ n~OH HaXOA1-1TCR 
Ha 3HepreT~4eCKOH trA noeepXHOCT~. 

B 3aKn~4eHVIe OTMeTI-1M, 4TO np~6n~~eH~e /2/, KOTOpOe Cl-1nbHO 
ynpo~aeT 3aAa4y trA pacceRHI-1H 1-1 B TO ~e epeM~ YAOBneTBOp~1TenbHO 
on~cbleaeT 3KCnep~MeHTanbHble AaHHble no ynpyroMy pacceRH~~ 
n~oHoe AnR w~poKoro Kpyra RAeP, MO~eT 6b1Tb l-1cnonb30BaHo np~-1 

peweH~~ APYrl-1x, 6onee cno~HbiX npo6neM nl-1oH-RAepHoH 4>~31-1K~. 
Hanp~Mep, oKa3bleaeTCR, 4TO I-1Cnonb30BaHI-1e np1-16n~~eH~R /2/ oco6eH
HO none3HO npVI nOCTpoeH~~ I-1CKa~eHHOH nl-1oH-HAePHOH BOnHOBOH 
c!JYHK~~~ AnA pac4eTos Heynpyr1-1x rrA peaK~VIH /211. 

ABTOPbl np~HOCRT rny6oKy~ 6naroAaPHOCTb M.X.XaHxacaesy 1-1 

B.6.6enReey 3a VICKn~4~TenbHO none3Hble o6cy~AeH~~ AaHHOH npo6neMbl. 
Mbl 6naroAaPI-1M TaK~e R.Ksac~na 3a noMo~b s B~4~cneH~~x. 
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TEMATMqECKME KATErOPMM flYBnMKAQMR 

OBnE~MHEHHOrO HHCTHTYTA ~EPHWX 

MCCJIE~OBAHHft 

TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

]. ~H3HKa TR*enWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

AaHHWX 

11. Bw4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H ~H3HKa aa~HTW 

1]. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. HcnonbaoaaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6nacTRX HayKH H TeXHHKH 

fMHTPO M. H gp. P4-83-403 
3!l>«PeKTbl CXO,[Ia TIHOHa C 3HepreTH'IeCKOH IIOBepXHOCTH 
B yrrpyroM pacceHHHH 

B OIITH'IeCKOH MO,[IeTIH C IIOTeH~HaTIOM rrepBOrO IIOpH,[IKa paCCMOT
peHO yrrpyroe pacceHHHe rrHOHOB Ha Hgpax 3 He, 4 He, 12 C , 16 0 
H 24Mg rrpH 3HeprHHX T 17 = 50-250 M3B. H3y'leHa ponb 3!l>«PeKTOB 
TTA rrepepaCCeHHHH KaK Ha 3HepreTH'IeCKOH IIOBepXHOCTH, TaK H 
BHe ee. TioKa3aHo, 'ITO orrpegenHID~Hil BKnag B yrrpyroe rrA pacceH
HHe BHOCHT rrpo~eCCbl, KOrga IIHOH B rrpoMe~yTO'IHOM COCTOHHHH Ha
XO,[IHTCH Ha 3HepreTH'IeCKOH IIOBepXHOCTH. 

Pa6oTa BbmonHeHa B J1a6opaTopHH TeopeTHt.~ecKoli tPH3HKH OH.SIH. 

Gmitro M. et al. P4-83-403 
Off-Energy-Shell Effects in the Elastic Pion-Nucleus 
Scattering 

The elastic scattering of pions on 3 He, 4He, 12 C , 16 0 , 
and 2~g has been considered using the optical model with 
first order potential for the energy range T 

17 
= 50-250 MeV. 

The on-shell and off-shell pion rescattering is investigated 
with the following result: The main contribution to the 
elastic rrA scattering is obtained from the processes with 
on-shell pion in the intermediate state. 

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