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Eanawos B.B. H np, P4 - ll565 

Pollb KoppensmHOHHbiX aKcnepuMeHTOB n H3y'IeHHH crpyK rypLI 

HenpepblBHOJ:'O CllCKTpa smep C llOMOWLIO aneKTpOHOB H npOTOIIOB 

BbiCOKOll 8Hepi'HII 

Ha OCHOBe enuuoll reopnn npSIMbiX H pe3oHancnhiX npoueccos nccnenyiOT 

CSI OCIIOBHblC OC06eHIIOCTH pacwenneHIISI SlllCp aneKTp0111lMH II npOTOIIBMll Bbi

COKOll 3HCpi'HH B WHpOKOM HHTepnane 8HCpi'HII B036y>KilCHIISI Slllpa, noKa38HO, 

'ITO KoppenSJUHOHIIbie aKcnepnMeHTbi ( e ,e 'N) 11 (p .p 'N). nposonHMLie B 

coqeraHHH npyi' c npyi'OM, MOI'YT naTb uenHyio Ifll•popMaUHIO o CTpyKType SJA-

pa B o6naCTH. HenpepbiBIIOJ:'O CllOKTpa, AOIIOIIIIHTenbHYIO 110 OTIIOWDIIIIIO K 

3KCUCpHMCHTBM (e,e') H (p,p'). 

Pa6ora BblllOnHeHa B na6oparopuu TeopeTH'ICCKOI1 cjJH3HKH OIHHI. 

DpenpHHT 06belluHeHIIOI'O IIHCTIITyTa SJilepllbiX uccnenoaauuii. Dy6na 1978 

Balashov V. V, et al, P4- 11565 

The Coincidence expedments (e,e'N) nnd (p,p'N) with 
High-Energy Projectiles as a Promising Tool for 
Studying the Nuclear Structure above the Disintegration 
Threshold 

In the frame of the unified theory of direct and resonance 
processes the characteristics of the disintegration of nuclei by 
high-energy electrons and protons are investiguted in a wide region 
of nuclear excik•tion, As is shown, the coincidence expet'imenLs 
{e,e'N) and {p,p'N) can give important information about the nuclear 
continuum, additional to the (e,e') and (p,p') experiments, 

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

Preprint of the Joint lnsti lute for Nuclear Research. Dubna 1978 

© /978 06LO/lHHOI/Hblil HHCTHTYT !l/lOpHblX HCCne/lOBBHHfl Jly6H8 

§I. BBE,4EHHE 

l13y'IeHHe CTPYKTYPLI HJJ.ep B o6nacTH HenpepbiBHoro 

cneKTpa 3aHHMaeT ace 6onLrnee MecTo B HJJ.epHbiX Hccne.D.o

BaHHxx. KoHTHHYYM HeOJJ.HOPO.D.eH; xpKHM npoxaneHHeM 3TOH 

HeO)l.HOpO)l.HOCTH HBnHeTCH HallH'IHe pa3H006pa3HbiX ITO MYllb

THllOllbHOCTH, CllHHOBbiM H H30CllHHOBbiM xapaKTepHCTHKaM 

rHraHTCKHX pe30HaHCOB. fiepcneKTHBHbiM MeTO)l.OM 

ClleKTpOCKOllHH H)l.epHbiX COCTOHHHH B o6naCTH HenpepbiB

HOro cneKTpa MO)KeT 6biTb HCllOllb30BaHHe 'IaCTHl( BbiCOKOH 

3HeprHH /!/. 0)l.HaKO K HaCTOHil(eMy BpeMeHH MHOrHe Ba)K

Hble BOllpOCbl llpHMeHeHHH 3TOrO MeTO)l.a ell(e He)l.OCTaTO'IHO 

TeopeTH'ieCKH pa3pa6oTaHbl. K HHM OTHOCHTCH H BOllpOC 

0 COOTHOIIIeHHH npHMbiX H pe30HaHCHbiX npou;eCCOB llpH 

pacll(enneHHH HJJ.ep qacTHu;aMH BbiCOKoil 3HeprHH. B cneKTpax 

Heynpyro pacceHHbiX 3lleKTpOHOB H llpOTOHOB /KaK H )l.py

rHX 'IaCTHl( BbiCOKOH 3HeprHH/ HeO)l.HOpO)l.HOCTH H)l.epHoro 

KOHTHHyyMa, CBH3aHHble C KOnneKTHBHbiMH COCTOHHHHMH, 

llpOHBllHIOTCH Ha ljJoHe CHllbHbiX llpHMbiX nepeXO)l.OB,o6ycnoa

neHHbiX KBa3HynpyrHM paccexHHeM na.D.aJOil(eil qacTHUbi Ha 

OT)l.ellbHbiX HYKllOHaX H)l.pa, a B03MO)KH0 /oco6eHHO B cnyqae 

CHllbHO B3aHMO)l.eHCTBYIOil(HX 'JaCTHU/ H Ha HYKllOHHbiX 

KnacTepax. fipHHHTO C'IHTaTb, 'ITO KBa3Hynpyroe pacceHHHe 

H B036y)K)l.eHHe rHraHTCKHX pe30HaHCOB HBllHIOTCH He3aBHCH

MbiMH npou;eccaMH, a HX BKlla)l.bl B BepOHTHOCTb B036y)K)l.e

HHH H)l.pa a)l.)l.HTHBHbl. 3TO He BCer)l.a TaK. Cyll(eCTByeT 

6onbrnax o6nacTb 3Ha'IeHHH nepeJJ.aHHoro HMnynLca, r.D.e 

npaBHnbHOe onHcaHHe MynLTHnonbHbiX rHraHTCKHX pe3oHaH

coa HeB03MO)KH0 6e3 HCllOllb30BaHHH e)l.HHOH TeopHH llpHMbiX 

H pe3oHaHCHbiX npou;eccoa /2/, a caMo pa3)l.eneHHe nepexo

JJ.OB B HenpepbiBHbiH ClleKTp Ha )l.Ba He3aBHCHMbiX Knacca 

OKa3biBaeTCH O'IeHb CHllbHOH H)l.eanH3al(HeH. 



lionLlliHe BOJMO)I(HOCTH HJy'ieHHH CTPYKTYPLI HenpepLm

uoro ClleKTpa H,ll;ep C llOMOll{hiO JneKTpOHOB H npoTOHOB 

BhiCOKOH 3HeprHH JaKniO'ieHLI B npoBe;:J;eHHH KOppenHU.HOHHbiX 

JKcnepuMeHTOB, KOr;:J;a pacceHHHaH qacTuu.a perucTpupyeTcH 

Ha COBlla;:J;eHHe C npO;:J;YKTOM pacmenneHHJI H,ll;pa- npOTOHOM, 

ueii:TpOHOM unu 6onee TH)I(enoH: qacTuu.eH: t- 4 . noneJHO 

OTMeTHTb, 'iTO npe;:J;nO)I(eHHJI 06 HJy'ieHHH pe30HaHCHOH 

CTpyKTyphl KOHTHHyyMa B KOppenHU.HOHHbiX 3KCnepHMeHTaX 

fiLinH C;:J;enaHLI He TOnLKO B Jl,ll;epHOH $H3HKe, HO H npHMeHH

TenLHO K JneKTpOH-aTOMHbiM CTOnKHOBeHHJIM ·;; a nepBbiH 

TaKOH 3KCnepHMeHT fiLin BhlllOnHeH HMeHHO B a TOMHOH 
/6 I 

$HJHKe· '. CoaceM He;:J;aBuo MeTo;:J; cosna;:J;eHuH: 6Lin npuMe-

HeH H B H,ll;epHOH $H3HKe ;:J;nH H3y'ieHHJI pacna;:J;a BbiCTpoeH

HhiX rHraHTCKHX pe30HaHCOB 
7 

KoppenHU.HOHHbie JKcnepuMeHTbi Tuna (e,e 'N), ( p,p 'N) 

H Tollo, B npuHu.une, ropaJ;:J;o 6onee uudJopMaTHBHbi, <JeM 

o6bi'iHbie JKcnepuMeHTLI no pacceHHHIO JneKTpoHoB unu 

a;:J;pOHOB Ha R;:J;paxo XapaKTepucTHKH yrnoaoH: KoppenHU.HH 

Me)I(;:J;y pacceHHHOH H BLifiHTOH 'iaCTHU.aMH, KOTOpLie MO)I(HO 

H3Bne'ih H3 HHX, onpe;:J;enHIOTCJI He TOnbKO HHTeHCHBHOCTbiO 

nepeXO,li;OB pa3HOH MynbTHnOnhHOCTH, HO H dJaJOBbiMH COOT" 

HOllleHHHMH Me)I(;:J;y aMnnuTy;:J;aMu nepexo;:J;OBo B Teopuxx -

KaK MHKpOCKOnH'ieCKHX, TaK H KonneKTHBHbiX , - ecnu 

OHH OCHOBaHLI Ha H)l;ee 06 a)l;,li.HTHBHOCTH BKna;:J;OB npliMbiX 

H peJOHaHCHhlX nepeXO,li;OB, BOnpOCbl 0 TaKHX dJaJOBbiX 

COOTHOllleHHJIX OCTaiOTCJI B CTOpOHeo Hao6opoT, B e;:J;HHhlX 

TeOpHHX BhlllOnHeHHe JTHX COOTHOilleHHH o6ecne4HBaeTCJI 

"aBTOMaTH'ieCKH" o flpeHMyll{eCTBa e;:J;HHbiX TeOpHH cne;:J;yeT 

y'iHTLIBaTL H npu ucnonLJoaauuu KoppenHU.HOHHbiX JKcnepu

MeHTOB ;:J;nH HJy'ieHHJI COOTHOllleHHH Me)l()l;y paJHbiMH KaHa

naMH pacmenneHHH H;:J;pao B qacTHocTH, o'ieHb Ba)I(Ho, <JTo 

B e;:J;HHLIX TeOpHHX He B03HHKaeT OT;:J;enbHOrO BOnpoca 0 

Bhl'iHCneHHH lliHpHH pe30HaHCOB - KaK nonHbiX, TaK H napu.u

anbHhlXo Ou pelllaeTCH B e;:J;HHOH Teopuu TaK)I(e 6eJ KaKHX

nu6o )l;OllOnHHTenLHbiX ,li;Onyll{eHHH, no XO;:J;Y Bbl'iHCneHHJI 

KpHBLix, ;:J;aiOmux pacnpe;:J;eneuue aepoHTHOCTeH: nepexo;:J;oB 

no JHepruu BOJ6y)I(;:J;eHHH H;:J;pao 3To npeuMymecTBo oKaJbi

BaeTCJI OCOfieHHO cyll{eCTBeHHLIM npu paCCMOTpeHHH O'ieHb 

lllupoKHX peJoHaHCOB, Kor;:J;a TPY.li.HO BBeCTH nocne;:J;oBaTenL

HLIM o6pa30M nOHJITHJI BHyTpeHHeH H BHelliHeH o6nacTH 

H;:J;pa, npHBe;:J;eHHOH lliHPHHhl ypOBHH, npOHHU.aeMOCTH H T ono 
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0TMe'iaH npHHU.HllHanLHLie npeHMyll{eCTBa e;:J;HHLIX TeO

puB:, uenL JH ynycKa TL HJ BH.li.Y, 'iTO K uacTOHLIJ.eMy apeMeHH 

TeXHHKa KOHKpeTHhiX pac'ieTOB B paMKaX e;:J;HHOH TeOpHH 

eLIJ.e pa3pa6oTaHa He;:J;OCTaTO'iHOollpHXO,li;HTCJI cqHTaTLCJI C 

CHnLHhiMH OrpaHH'ieHHHMH Ha qucno CBJI3LIBaeMLIX ;:J;pyr 

C ;:J;pyrOM KaHanoB, THll KOH$HrypaU.HH, OllHCLIBaiOIIJ.HX B03-

6y)l(,ll;eHHhle COCTOJIHHH H,ll;ep, H T ollo PacqeTLI ClleKTpOB 

B036y)l(,ll;eHHJI H,ll;ep B paMKaX e;:J;HHOH TeOpHH B BLiqHcnu

TenLHOM OTHOllleHHH CnO)I(Hee, qeM HX pacqeTLI B o6onoqeq

HOH HnH ;:J;pyrHX MHKpOCKOllH'ieCKHX MO;:J;enHX, KOr;:J;&. He 

yqHTLIBaiOTCJI KBaJHCTaU.HOHapHhle CBOHCTBa COCTOJIHHH 

B KOHTHHyyMe o 

TaKHM o6paJoM, Ja;:J;aqa ucnonLJoBaHHH KoppenHu.uou

HLIX 3KCnepHMeHTOB ;:J;nH HJyqeHHJI CTpyKTypLI HenpepLIB

HOrO ClleKTpa Jl,ll;ep C llOMOLIJ.hiO JneKTpOHOB H a;:J;pOHOB 

BLICOKOH 3HeprHH H Ja;:J;aqa ;:J;anLHeHllleH pa3pa6oTKH e;:J;HHOH 

TeOpHH H,ll;epHhiX peaKU.HH TeCHO CBH3aHLI Me)l()l;y C060Ho 

B npe;:J;LI.li.YIIJ.HX pa6oTax 
11

- 41 BOJMO)I(HOCTH KoppenHU.HOH

HLix 3KCnepHMeHTOB H HX HHTepnpeTaU.HH Ha OCHOBe e;:J;HHOH 

TeOpHH pa36HpanHCh llpHMeHHTenLHO K pacceHHHIO JneKTpO· 

HOBo 8 ;:J;aHHOH pa6oTe Mhl paCCMOTpHM, B KaKOU Mepe 

MoryT ,li;OllOnHHTh ;:J;pyr ;:J;pyra 3KcnepHMeHThl C JneKTpOHaMH 

H llpOTOHaMHo qT06LI 0606IIJ.HTL paJBHTYIO pauee TeOpHIO 

pacmenneHHJI H;:J;pa Ha Cnyqaii: CHnhHO B3aHMO,ll;eHCTBYIOliJ.HX 

'iaCTHU., Ha,li;O y'ieCTh O,li;HOBpeMeHHO H HH,li;HBH;:J;yanLHLie 

CTPYKTYPHLie oco6eHHOCTH H;:J;pa B npou.ecce ero nepecTpoH:

KH, H MHOrOKpaTHhle CTOnKHOBeHHJI pacceHBaeMOH 'iaCTHU.hl 

c uyKnouaMH H;:J;pao B JToii: qacTH Ja;:J;a'IH MLI onupaeMcH 

Ha OllhiT OllHCaHHJI peaKU.HH (p ,p ') , (rr , 77 ') H To flo C BO 3-

6y)I(;:J;eHHeM ,li;HCKpeTHhiX YPOBHeH H,ll;pa/8,9/ H HCllOnLJyeM 

paJBHToe ;:J;nH JToro
1101

npu6nH)I(eHHe O;:J;Horo ueynpyroro 

CTOnKHOBeHHJI TeOpHH rnay6epao Kax H paHLllle, e)l;HHOe 

onucauue ueynpyroro H KBaJuynpyroro pacceHHHH ;:J;OCTH

raeTCH TeM, qTo aonuoaaH IPYHKU.HH Kouequoro cocTOHHHH 

H;:J;pa B KOHTHHyyMe CTpOHTCJI C y'ieTOM CBH3H Me)I(;:J;y 

paJnH'iHLIMH xauanaMH ero pacLIJ.enneHHHo KouxpeTHLie pac

'ieTLI BhlllOnHeHLI C yqeTOM TOnLKO KOH$HrypaU.HH "qacTHU.a· 

;:J;LipKa" I lp -lh xoudJurypau.uH:/ B paMxax aapuaHTa o6ono

qe'IHOH MO;:J;enH C KOHTHHYYMOM, pa3pa6oTaHHOH B /11, 12/ 
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llapaMeTpbl, xapaKTepH3YIOU{He .!l)J.epHbJe BOllHOBbJe lPYHKUHH 

B Hal.fallbHOM H KOHel.JHOM COCTO.!IHH.!IX, llOllO)I(eHHe H UIHpHHY 

OT)J.enrr
3
bJX pe30HaHCOB H T.ll., B )J.aHHOH pa6oTe Te )l(e, 

l.JTO B . 
12 

JI)J.pO C, K KOTOpOMY OTHOC.!ITCH BCe BblllOllHeHHbJe 

B J].aHHOH pa6ore pacl.feTbi, xy)l(e, l.feM, cKa)l(eM, JJ.Ba)I(JJ.bl 

MarHl.feCKHe H)J.pa 
160 Hnu

4
°Ca,rO)J.HTCH )J.ll.!l llpHMeHeHHH 

lp -lh llO)J.XO)J.a, O)J.HaKO Mbl Hal.fHHaeM C TaKoro H)J.pa, 

1.fT06bi no)J.l.fepKHYTb MeTOJJ.Hl.feCKHe uenu csoero uccne)J.osa

HHH. HaM Ba)I(HO HMeTb Kal.feCTBeHHO sepHblH Macuna6 

sce:H KapTHHbi pacmenneHHH HJJ.pa 3neKrpoHaMu u nporoHa

MH, HO Mbl He paCCl.fHTbiBaeM Ha TO, 1.fT06bl C llOMOU{blO npo

Be)J.eHHbiX pacl.feTOB MO)I(HO 6binO llpOBO)J.HTb KOllHl.feCTBeH

HbiH aHanH3 6y)J.yll{HX 3KCllepHMeHTOB HMeHHO Ha H)J.pe 12C , 

BKlliOl.fa.!l B3aHMHYIO llpHB.!l3KY paCCl.fHTaHHbiX H Ha6niO)J.aeMbiX 

pe3oHaHCOB H T .n. Harneii rnaBHOH uenbiO HBnHeTcH npeJJ.y

raJ].aTb HOBbie, He 3aBHCHU{He OT Bbi6paHHOrO H)J.pa 06ll{He 

BOllpOCW, C KOTOpWMH CTOllKHeTCH 3KCnepHMeHTaTOp, 

npHMeH.!l.!l MeTO)J. COBna)J.eHHH He KaK Tpa)J.HUHOHHbiH cnoco6 

H3y1.feHH.!l npHMbiX npoueccos KBa3uynpyroro BbJ6usaHHH, 

a ,IJ.n.!l uccne)J.oBaHHH crpyKTYPbi HenpepbiBHoro cneKrpa 

H,IJ.ep. 

§2. CIIEKTPbl B03EY)J(,4EHHJI Jl,4PA IIPH 
HEYIIPYFOM PACCEJIHHH 3JIEKTPOHOB 
H IIPOTOHOB 

B pa6ore
1 131 

6binH paccl.fHTaHbi H uccneJJ.OBaHbilPYHKUHH 

OTKllHKa R (E, q) J].ll.!l nepeXO)J.OB B HenpepbiBHbiH cneKTp, 

COOTBeTCTBYIOU{HX H30CKan.!lpHOMY, H30BeKTOpHOMY H 3apH

)J.OBOMY onepaTopaM B03Myll{eHH.!l. llpH lPHKCHpOBaHHbiX 3Ha-

1.feHH.!IX 3Hepruu so36Y)I(JJ.eHHH HJJ.pa E H nepeJJ.aHHoro HJJ.PY 

HMnynbca q aenHl.fHHa R(E ,<i) nonyqaeTC.!l cyMMHpoaaHHeM 

sepO.!ITHOCTeH nepeXO)J.OB no npOTOHHWM H HeHTpOHHblM 

KaHanaM pacmenneHHH HJJ.pa H HHTerpupoaaHHeM no yrnoao

MY pacnpeJJ.eneHHIO npOJJ.YKTOB pacmenneHHH: 

dR(Eqk) 
R(E,q)~ L [dUN-~-' _N __ ; /2.1/ 

N=n P dON 

6 

~ _., 
3)J.eCb k N ~ k N/ k N - e)J.HHHl.fHbiH BeKTOp B HanpasneHHH 

BWneTa npOTOHa HllH HeHTpOHa. fipH Bbi'IHCneHHH KOppenH-
_., A 

UHOHHbiX lPYHKUBH dRN (E ,q, k N) /dON npOH3BO)J.HTC.!l ycpe)J.-

HeHHe H CYMMHpOBaHHe no npoeKUHHM CDHHOB B Ha'lallbHOM 

H KOHe'IHOM COCTO.!IHH.!IX. 

<l>yHKUH.!l OTKllHKa )J.ll.!l 3apHJ].OBOrO onepaTopa 

A w-------
en _., l+r3 _.__, 2 

R (E,q)= L fdO J<f 1 L --expl iqr .ll i>l 
N N j= 1 2 .1 

/2.2/ 

COOTBeTCTBYIOmaH npOJ].OllbHbiM 3lleKTpOHHbiM llJopM$aKTO

paM, npuae)J.eHa Ha puc. 1 npH Tpex 3Ha'leHHHX nepeJJ.aH

Horo HMnynbca: q =0,5; 1.0 B 1,5![}-l, fiepeXO)J.bl, COOT-

Q•0.5fm~ q•\Ofnt" q.\.5 ..... 

19 21 25 

Puc.1. <PyHKijUU omKAUKa OAJi nepexooo8 8 Henpepbl8HblU 
cneKmp JJopa 12C OAR mpex 3Ha<~eHuii nepeoaHHozo UMnyAbca 
q. BepxHRR u cpeoHRR <~a emu pucyHKa - 3ap.Roo8a.R · r/JyHK
ijUR omKAUKQ /2.1 /, HUJKHJiJi 'lQCmb - 06061J4eHHQJi U30CKQA.Rp
HQJi rjJyHKijUR omKAUKa /2.3/. B 8epxHeii <~acmu pucyHKa 
noKa3aH 8KAao npomoHHozo u HeumpoHHozo KaHaAa, 8 cpeo
Heu U HUJKHeU - 81</IQO nepexooo8 pa3/IU'IHOU MYAbmUnOAb
HOCmU, npocyMMUP08QHHblU no npomOHHOMY U HeiimpoHHOMY 
KaHaAaM. Macwma6 no ocu 3Hepzuu 8036yxoeHUR Ropa 
8 uHmep8aAe 17-21 M3B y8eAu<~eH no cpa8HeHwo c Macwma-
6oM 8 uHmep8aAe 21- 60 M 3B. 
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BeTCTBYIOll{He nonepe'IHhJM 3lleKTpOHHLIM <ilopM<ilaKTOpaM, 
B ~aHHOH pafioTe He paCCMaTpHBaiOTCH. 

Hccne~yH oco6eHHOCTH B036y~~eHHH H~pa npoToHaMu, 

MhJ fiy~eM OpHeHTHpOBaTLCH Ha 3KCnepHMeHTLI C npOTOHa

MH 3Hepruu nopH~Ka 1 F:JB. KaK H3BeCTHo, a 3ToB: 

ofinaCTH CnHHOBhJe H H30CnHHOBLie cnaraeMLie 3lleMeHTap-

HOH NN aMnnuTy~LI ManLI. llo3TOMY ocHOBHoB: CTPYKTypHoB: 

xapaKTepHCTHKOH nepexo~OB B HenpephJBHLIH cneKTp no~ 
~eHCTBHeM npOTOHOB HBllHeTCH <i~YHKI..{HH, COOTBeTCTBYIOll{aH 

H30CKanHpHOMy onepaTopy. B COOTBeTCTBHH C HcnonL3ye

MhJM HaMu npu6nu~eHHeM o~Horo Heynpyroro coy~apeHHH 
BBe~eM OfiOfill{eHHYIO H30CKanHpHyiO <i~YHKI..{HIO OTKilHKa 

GIS . --> A ·• -• --. 2 
R (E,q)- ~ (dON/<f! ~ S(b .)exp!iqr lfi>f /2.3/ 

N j•1 J J 

.. 1 --> ·• -> 2--> A-1 /2.4/ s ( b ) = [ 1 - - I I' (b- s ) p ( s ' z ) d s d z l ' 
A 

-> ... 

r ~e r (b- s ) - npo<IIHnLHaH <i~YHKI..{HH aMIIllHTy ~hi N N pac-

. 2 
ceHHHH f (q) .. .ilLa(1-ia)exp! -{3 q /2 I /npu 3Hepruu 1 F:JB 2rr 

a =44M6apH; a=-0,3; =5,4S(r:JB/c) ;p(r)-nnor-f3 -2/ ... 
HOCTL HYKJIOHoa a H~pe /a pac'lerax p Cr) B3HTa a 

OfiLI'IHOH ~nH H~pa 12
C OCI..{HllilHTOpHOH <ilopMe C napaMeTpOM 

r 0 =1 ,64 Cl>/. B "onTH'IecKoM npe~ene" /2.4/ nepexo~HT 
B H3BeCTHhJH KBa3HKilaCCH'IeCKHH <ilaKTOp HCKa~eHHH S (b) ~ 

a -> 

sexp!-2(1-ia)T(b)!. B HMnynLCHOM npu6nu~eHHH ~H<ll-

<llepeHI..{HanLHOe Ce'leHHe peaKI..{HH (p,p ') BLipa~aeTCH lfepe3 
Rors no !IJopMyne 

d 2 k' 2 GIS 
~--

0

-- .. -If( q) I • R (E ,(I) /2.5/ 
dE dO k 

/npH 3TOM BXO~Hll{He B /2.2/ BOllHOBLie <i~YHKI..{HH H~pa B 
HenpephJBHOM CneKTpe HOpMHpyiOTCH Ha 0 -<ilyHKI..{HIO no 
3Hepruu/. 

8 

Ha puc. 1 noKa3aHa o6o611..{eHHaJI <i~YHKI..{HH OTKllHKa 
RGIS -+ 

(E ,q), paCC'IHTaHHaH npH TeX ~e 3Ha'leHHHX nepe~aHHOrO 
HMnynLca, 'ITO H RCH(E,ii).J1.3 PHCYHKOB BH~HO, 'ITO <ilopMa 

cneKTpa B036y~~eHHH .H~pa B peaKI..{HH (p, P ') CHllLHO MeHH

eTCH npH H3MeHeHHH nepe~aHHOrO HMnynLca. 0611..{HH xapaK

Tep 3THX H3MeHeHHH COrnacyeTCJI C TeM, 'ITO H3BeCTHO 

~nH 3neKTpoHoa: c yaenH'IeHueM nepe~aHHoro HMnynLca 

"UeHTp TJI~eCTH" <i~YHKI..{HH OTKllHKa CMell..{aeTCJI B CTOpOHy 

6onLmHx 3Ha'leHHH 3HeprHH B036y~~eHHJI. ~n.H 6onee ~e
ranLHoro cpaBHeHHH ~aHHhiX, OTHOCJIII..{HXCJI K 3lleKTpOHaM 

H npOTOHaM , Ha puc. 1 noKa3aHhJ BKna~hJ OT~enLHhiX 

MYllLTHnoneB: /nOCKOllLKY Mhl He Y'IHThiBaeM CnHHOBhle 
34l4leKTLI B OnepaTopax B03Myll..{eHHH, TO HMeeM ~eno TOllLKO 

C COCTOHHHHMH r, 2+, 3- H T.~.,COOTBeTCTBYIOII..{HMH nepe

XO~aM "HopManLHOH " 'leTHOCTH/. PeaKUHH (e ,e ') H (p,p ') 

no-pa3HOMY 'IYBCTBHTenLHhJ K pa3llH'IHhiM pe30HaHCaM B 

cneKTpax B036y~~eHHH H~pa; CTpyKTypa cneKTpOB B peaKI..{HH 

(e,e '), KOTOpOH. COOTBeTCTBYIOT npaBHna OT6opa ~ T =0; 1, 

ropa3~o cno~Hee, 'I eM a peaKUHH (p,p '),KOTopaH I cor nacHo 

C~enaHHhJM npe~nono~eHHHM OTHOCHTellLHO CBOHCTB 

3neMeHTapHoB: NN aMnnHTY~hi/ no~'IHHJieTCH npaauny oT6o
pa~T=O. 

§3. CBOHCTBA KOPPEJI.RIJ,HOHHhiX C/>YHKIJ,HH 
B OKPECTHOCTH Y3KHX PE30HAHCOB 

B ~aHHOM pa3~ene Mhl o6cy~HM B03MO~HOCTH uc

cne~oaaTL caoB:cTaa oT~enLHhiX y3KHx pe3oHaHcoa npu 

napannenLHOM npoae~eHHH KoppenHUHOHHhiX 3KcnepHMeH

Toa C 3lleKTpOHaMH H IIPOTOHaMH. flpH paCCMOTpeHHH KHHe· 

MaTHKH KOppenHI..{HOHHOrO 3KCIIepHMeHTa 6y~eM IIOllL30BaTL· 

CH c<i~epH'IeCKHMH KOOp~HHaTaMH: IIOllHpHhiH yron @ BhJlleTa 

HYKllOHa H3 H~pa fiy~eM OTC'IHThJBaTL OT HanpaaneHHH 

BeKTopa nepe~aHHoro HMnynLca q, a3HMyTanLHLIH yron 

¢ - OT IIllOCKOCTH pacceHHHH 'laCTHI..{hJ BhiCOKOH 3HeprHH; 

ycTaHOBHM, 'ITO nonynnOCKOCTL ¢ =0 COOTBeTCTByeT Ha

npaaneHHIO OT BeKTOpa q B CTOpOHY na~aJOII..{ero IIY'IKa, 

a IIOnynnOCKOCTL ¢ = 77 - B IIpOTHBOIIOllO~HYJO CTOpOHy. 
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PacqeT noKa3biBaeT, 'ITO a cneKTpax pacceJIHbiX qacTHU 
nyqiiie ,IJ;pyrux o6oco6nenbl y3KHe pe3ouaucbi 2 + npu E = 
17,85 M3B,. a- npH E=18,67 M3B H a- npu E =20,24 M3B. 
Hx Mhl H paccMoTpHM B KaqecTae npHMepa. 

llepable ,IJ;Ba pe3ouauca B peaKUHH (p,p ') ue npoJianJIIOT
CJI, 'ITO yKa3biBaeT Ha H30BeKTOpHyiO npHpO,D;y COOTBeTCTBy
IOJUHX B036y:>K,IJ;eHHH. KoppenJIUHOHHbie cPYHKUHH B peaKUHH 
(e,e 'p) npH COOTBeTCTBYIOIUHX ,IJ;BYX JHeprHJIX llOKa3aHbl Ha 
puc. 2. Yrnoaoe pacnpe,IJ;eneuue npoTonoa, OTBe'laiOIUHX 
pe3ouaucy npu E =18,67 M3B, cymecTaeuuo uecHMMeTpuq
uo OTHOCHTenbHO llllOCKOCTH, nepneH,IJ;HKynJipHOH BeKTOpy 
nepe,D;auuoro HMnynbca q. 3To cne,IJ;CTBHe Toro, 'ITO pac
CMaTpnaaeMbiH pe30HaHC a- pacnono:>KeH Ha,IJ;OBOllbHO CHnb
HOH "no,IJ;nO:>KKe", 6onbiiiOH BKna,IJ; a KOTOPYIO ,IJ;aeT 6nH3KO 
pacnono:>KeHHbiH pe 30HaHC npOTHBOllOllO:>KHOH 'leTHOCTH 2+, 
Yrnoaoe pacnpe,D;eneuue npoTOHOB npH E =17 ,85 M3B, 
uao6opoT, aecbMa CHMMeTpH'lHO. 3To, Ka3anocb 6bi, Morno 

0.()8 
I 

-1 =0.5fm 

0.06 
0.12r-----+---____;,-:::: ..... -+-----_J 

0.10 

(e,e'p) 

E=18.67MeV 

(e,e'p) 

~~ .. I . I ... ~ 
o· 45" go· 135" 1so· 45" go· 135" 180" 45" go· 135" 180" 

e 
Puc.2. Koppe/1.111,4UOHHaJI rPYHK!.4UJI e peaK1,4UU (e,e 'p) npu 
3Hepzu.11x eo36yJKoeHUJI 17,85 M3B u 18,67 M3B. 
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'i._ 
Ill 

a:~! -ul!6 

0. 

0. 

(12 

q=0.5fm-1 

\ 
\ 
\ 

q=1.0fm-1 

\ 
\ 
\ 

' \ 0 I '-' --= -d . '-. > 

q=1.5fm-1 

E=20.24 MeV 

E=30MeV 

E=60MeV 

o· .J =>-- J 
45" so· 13s· 15u· 4s· so· 135" 180" 45" so· 135" 180" 

8 
Puc.3. KoppeAJI1.4UOHHaJI rPYHK1.4UJI 0/1.11 Bbi6U11lbiX npomoHoe 
/Cn/IOWHQJI KpUBaJI/ U HeilmpOHOB jnyHK111Upj B peaK1,4UU 
(e,e 'N) npu 3Hep2UJIX B036yJICOeHUJI 20,24 ; 30 u 60 M3B. 

11 



yKa3LIBaTL Ha BLICOKYJO qucToTy pe3oHaHca 2 +. PacqeT 
-1 

DOKa3LIBaeT, qTo 3TO, O)],HaKO, He TaK. EcnH UpH q = l,O<ll 
H 1,5 <Il-l OTHOCHTenLHbiB BKna.D. E2 • nepeXO.D.a B BepO.JIT • 

HOCTb B036Y~.D.eHHH B)],pa )],eBCTBHTenLHO BenHK, • fionee 

95!fo, To npu q = 0,5 <ll-1 JTO acero nHWL oKono 750/o, 
a ocTanLHOe npHXO.D.HTCH noqTu nonHOCTLID Ha El·nepexo

.ZJ.LI. TaKoe cooTHoweHHe Me~.D.Y E2- H E 1· nepexo.D.aMH 

OfibJqHO npHBO)],HT K CHnLHOB aCHMMeTpHH yrnOBOrO pac· 

npe.D.eneHHH HyKnoHoB. To, qTo B .D.aHHOM cnyqae pacqeT 

npaKTHqecKH He UOKa3biBaeT HHTep<lJepeHIJ,HH Me~.D.Y 3THMH 

nepeXO)],aMH, CBB3aHO C HH)],HBH)],yanLHbiMH OCOfieHHOCTBMH 

CTPYKTYPLI paccMaTpuaaeMoro pe3oHaHca 2+ u npuneraw

mero K HeMy HenpepLIBHoro cneKTpa, KOTOPLie npoaanamT· 

CB B OC060M COOTHOWeHHH Me~.D.Y aMnnHTy)],aMH pacmen· 

neHHB, COOTBeTCTBYIDI.IJ,HMH pa3HLIM 3HaqeHHBM CUHHa Ka· 

Hana. Bo3MO~HOCTL TaKoro 34xlleKTa none3HO HMeTL a 

BH.D.Y npH HCDOnb30BaHHH KOppenBIJ,HOHHbiX 3KCnepHMeHTOB 

.D.nB H3yqeHHB CBOHCTB OT)],enLHbiX pe30HaHCOB. 

Pe3oHaHc E =20,24 M:JB xopowo npoaanaeTca a cneKT· 

pax B036y~)],eHHB B)],pa JneKTpOHaMH H UpOTOHaMH nHUib 

npu 6onLUIHX JHaqeHHBX nepe.IJ.aHHoro HMnynLca. HJocnuH 

COOTBeTCTBYIDIUero ypOBHB 3- paBeH HyniD. Ha puc. 3 H 4 

UOKa3aHbl yrnOBbie pacnpe)],eneHHB BLifiHTbiX HyKnOHOB DpH 

3Hepruu B036Y~.D.eHHB E =20,24 M:JB ao acex qeTLipex 
paccMaTpuaaeMLIX HaMH peaKU.HBX (e,e'p),(e,e'p), (p, 2p) 
H ( p, p' n ). 06pamaeT Ha ce6a BHHMaHHe To, qTo <lJopMa 

JTHX pacnpe.ZJ.eneHHB npu pacmenneHHH B.D.pa JneKTpoHaMH 

H npOTOHaMH cyi.IJ,eCTBeHHO pa3nHqHa. 0TMeTHM, qTo 3HaKH 

acHMMeTpHH yrnoaoro pacnpe.D.eneHHB npoTOHOB H Heii:Tpo· 

HOB OTHOCHTenLHO UnOCKOCTH, nepneH)],HKynBpHOB BeKTopy 

q, B peaKIJ,HHX (e,e'p) H (e,e'n) UpOTHBODOnO~Hbl .ZJ.pyr 

.ZJ.pyry /eM. DO 3TOMY DOBO.D.Y Ta~e 121 j. 

§4. B03EY)I(,l(EHHE H PACIIA,l( rHrAHTCKHX 
PE30HAHCOB 

CoaMeCTHLIB aHanu3 .D.aHHLIX, npHBe.D.eHHLIB Ha puc. 1 
)J,nB JneKTpOHOB H npOTOHOB, U03BOnBeT npe)],CTaBHTb Ofii.IJ,yiD 

pe3oHaHcHyiD CTPYKTYPY HenpepLIBHOro cneKTpa pac· 
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I 
~ 
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t 

q=O.Sfm-1 q=1.0 frri1 q=1.5 fm-1 

-.L.. 

E=30MeV 
L :t \ J I 1\/i \ ... J I 

0.1 

0.1 

0.8 

0.6~ I I \ I 1E=60MeV 

0.4 

0.2 

0k! ~ ed l I / . \... .J 
-180"-go· o· go· 180" -90" o· go· 180" -go· o· go· 180" 

8 

Puc. 4. KoppeA~ijUOHHa~ ¢YHKijU~ e nAocKocmu pacce~Hu~ 
oA~ ebl6umbiX npomoHoe /cnAowHa~ Kpuea~/ u HeumpoHoe 
/nyHKmup/ e peaKijUU (p,p 'N) npu :JHep2u~x eo36y:w:oeHu~ 
20,24; 30 u 60 M:JB. OmpuijameAbHble 3Ha'leHu~ y2Aa 8 
coomeemcmey10m HanpaeAeHU~M Bb16umo2o HYKAOHa, omc'lumbl
eaeMbiM om q e cmopoHY naoa10114e2o ny'IKa, noAo:w:umeAbHble 
• e npomueonoAOJICHOM HanpaeAeHuu. 
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-) 
~ 4 
~ ... 
0 
.::::. 3 
n:: 

2 

1 

0 
20 30 40 E(MeV) 

Puc.S. PacnpeoeAeHue cuAbl U30CKaA.RpHbiX E2- nepexoooe 
e .Rope 12C npu q== l,ow-! CnAotuHaJI Kpuea.R coomeemcm
ayem OQHHbiM HQ puc. 1; Cl/IOA6UKU - BKAQObl nepexoooa 
IC1s)

4 
(1p)

8 
;O+>•IC1s)4 (1p) 8 ;2+>. 

cMaTpHBaeMoro JI.IJ.pa. B o6nacTH 21-25 M:JB .IJ.OMHHHpyeT 

.IJ.HnonbHhiH rHraHTCKHH pe3oHaHc. l13ocKanJipHbiH E2-pe3o

HaHc Haxo.IJ.HTCJI B pailoHe E "' 30 M:JB. CHna nepeXO.IJ.OB, 

COOTBeTCTBYIO~aJI H30BeKTOpHOMY E2-pe30HaHcy, a TaiOKe 

rHraHTCKHM pe3oHaHcaM 6onee BhiCOKoii MynbTHnonhHOCTH, 
pacnpe.IJ.eneHa no o'leHb IIIHpoKoil o6nacTH 3HeprHH B036y)I{

.IJ.eHHJI. llpH MallbiX q 3TH pe30HaHCbi He ci}JopMHpOBaHbi B BH

.IJ.e OT'IeTnHBbiX MaKCHMYMOB. 0.IJ.HaKO npH q=1,5q)-1 B cneKT

pe H3ocKanJipHbiX nepexo.IJ.OB xopoiiio BH.IJ.eH IIIHPOKHH pe3o

HaHc 4 t /HanOMHHM, 'ITO Mbl o6Cy)K.IJ.aeM TOllbKO nepeXO.IJ.bl 

"HOpMallbHOH" 'leTHOCTH/. 
3aKniO'IeHHe o TOM, 'ITO H3ocKanJipHbiH E2 rHraHTCKHH 

pe3oHaHc B JI.IJ.pe 12c pacnono)l{eH B paiioHe 30 M:JB, 
cornacyeTCJI c BhiBO.IJ.aMH nocne.IJ.HHX 3KcnepuMeHTanbHhiX 

HCClle.IJ.OBaHHR, cornaCHO KOTOpbiM B 3TOM JI.IJ.pe npH 

E < 30 M :JB cocpe.IJ.oTo'leHa nHIIIb He6onbiiia.JI .IJ.OnJI Bee B. 
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cyMMbi E2-nepexo.IJ.OB /eM., Hanp., 114 ·151 /. 0.IJ.HaKo no.IJ.

qepKHeM e~e pa3, 'ITO npoBe.IJ.eHHble B .IJ.aHHOH pa6oTe 

pac'leTbl OCHOBaHbi Ha ynpo~eHHOH MO.IJ.enH .paCCMaTpHBae

MOrO JI.IJ.pa H HX He Clle.IJ.yeT HCnOllb30BaTb .IJ.llJI KOllH'IeCTBeH

HOrO aHanH3a 3KcnepHMeHTanbHhiX .IJ.aHHbiX. Ha puc. SnoKa-

3aHbi pacnpe.IJ.eneHHJI BepoJITHOCTeil H30CKan.JipHhiX E2-nepe

XO.IJ.OB, pacc'IHTaHHbiX .IJ.BYMJI pa3HhiMH cnoco6aMH. Cnnoiii

HaJI llHHHJI COOTBeTCTByeT .IJ.aHHbiM pUC. 1, nony'leHHbiM 

B lp -lh MO.IJ.enH. CTon6HKH noKa3biBaiOT BepoJITHOCTH nepe
XO.IJ.OB I (1 s)4 (1p) 8 ; 0 +-:-> +I (1 s )4 (1p )8 ; 2 ~ > B BhiCOKOB036y)l{

.IJ.eHHhle COCTOJIHHJI 1p- 060ll0'1KH; B 3TOM paC'IeTe BOllHOBaJI 

I}JyHKUHJI OCHOBHOrO COCTOJIHHJI H BOllHOBble I}JyHKUHH B03-
6 ~ 12c Y)K.IJ.eHHbiX COCTOJIHHH JI.IJ.pa nOCTpOeHbi B paMKaX 

MO.IJ.enH npoMe)l{yTO'IHOH CBJ13H
1 16 : Ha Jl3hiKe lp-lh MO.IJ.enH 

BTOpOH pac'leT COOTBeTCTByeT y'leTy nonJipH3aUHH 

"BaKyyMa" B OCHOBHOM COCTOJIHHH JI.IJ.pa H pa36poca lp-1h 

B036y)K.IJ.eHHH no COCTOJIHHJIM 6onee CllO)I{HOH npHpO.IJ.bi. 

Pa3yMeeTCJI, noKa3aHHble Ha puc. 5 .IJ.aHHble, nony'leHHhle 

B .IJ.BYX pa3HbiX MO.IJ.ellJIX, Hellb3JI npOCTO CKlla.IJ.biBaTb .IJ.pyr 

C .IJ.pyrOM, T .K. OHH 'laCTH'iHO OTpa)l{aiOT O.IJ.HH H Te )l{e 31}>

I}JeKTbi. 0.IJ.HaKo Hx Ka'lecTBeHHoe conocTaBneHHe .IJ.aeT 
npe.IJ.CTaBneHue o MaCIIITa6e 34>1}JeKTOB, He y'ITeHHbiX 1p-lh 
MO.IJ.ellbiO. 

PacCMOTpHM pe3ynbTaTbi, OTHOCJI~HeCJI K pacna.IJ.y H30-

CKanJipHoro E2- pe 30HaHca. B ma6A. 1 npe.IJ.cTaBneHbi OTHo

CHTellbHhle BKna.IJ.bi nepeXO.IJ.OB pa3llH'IHOH MYllbTHnOllbHOCTH 

B nonHyiO BepOJITHOCTb pac~enneHHJI JI.IJ.pa no npOTOHHOMY 

u HeiiTpOHHOMY KaHanaM npu E =30 M :JB. Ilpu pac~enne
HHH JI.IJ.pa 3lleKTpOHaMH MaKCHManbHbiH BKna.IJ. £2- nepeXO.IJ.a 

e.IJ.Ba npeBbiiiiaeT 50'fo. E2-nepexo.IJ. cunbHO HHTepi}JepupyeT 

C .IJ.pyrHMH nepeXO.IJ.aMH - B OCHOBHOM, C "XBOCTOM" .IJ.H

DOllbHOrO ruraHTCKoro pe3oHaHca. B pe3ynhTaTe I}JyHKUHH 

yrnoBoil KoppenJIUHH B peaKUHJIX (e,e 'p) u (e,e 'n) B o6nac

TH £2-ruraHTCKOrO pe30HaHca HMeiOT BeCbMa CllO)I{HYIO 

acHMMeTpH'IHYIO OTHOCHTellbHO yrna (-) =90° I}JopMy, KOTO

paJI CHllbHO MeH.JieTCJI /oco6eHHO B HeHTpOHHOM KaHane/ 

c H3MeHeHueM nepe.IJ.aHHoro HMnynbca I puc. 3H 4/. B peaK

UHJIX c npoToHaMH ruraHTCKHH E2- pe 3oHaHc ropa3.IJ.O "qu

~e", 3.IJ.ecb HeT MO~Horo I}JoHa El-nepexo.IJ.OB. AcHMMeTpH.JI 

KOppenJIUHOHHOH I}JyHKUHH BpeaKUHJIX (p,2p) H (p,pn)cna6ee, 

'leM B peaKUHJIX C 3lleKTpoHaMH. 0TMeTHM, 'ITO npu O'leHb 
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Ta6Aut~a 

0THOCHTenbHbiH BI<na,D. nepeXO,D.OB pa3nH'IHOH 
MynbTHnOnbHOCTH /B 0/o/ B nonHyiO BepORTHOCTb 
pacmenneHHR R,D.pa 1 2c no npOTOHHOMY H HeHTpOHHOMy 
KauanaM npu 3Hepruu B036Y)I(.IJ.eHHR E = 30 M 3B 

ir 

o+ 
r 
2+ 
3-
4+ 

:E 

u+ 
1-
2+ 
3-
4+ 
5-

~ 

o+ 
r 
2+ 
r 
4+ 
5-

z_ 

I (e,e p) 

2,3 
27,9 
31,9 

0,7 
0,2 

63,0 

!,5 
18,8 
40,4 
3,3 
5,2 
0,2 

69,4 

r,3 
9,6 

24,9 
!3,8 
21,7 
0,4 

71,7 

(e,e' n) 

q :0,5 ,p-1 

2,5 
27,2 
7,0 
0,2 

36,9 

q ==1,0 rp -1 

4,6 
II,5 
II,9 
2,! 
0,5 

30,6 

q:1,5rp-1 

3,! 
3,8 

II,4 
7,0 
3,0 

28,3 

(p,p' p) 

0,4 
2,5 

52,7 
1,4 
5,4 
0,2 

62,6 

2,9 
6,2 

20,6 
2,1 

29,5 
0,4 

61,7 

(p,p'n) 

0,4 
2,4 

30,2 
1,2 
3,1 
0,1 

37,4 

2,8 
6,2 

12,3 
2,0 

!4,8 
0,2 

38,3 

6onbrnux nepe,D.aHHbiX HMnynbcax MaKCHMYM cneKrpa B03-
6y)I(,D.eHHR npu 30 M3B B peaKuuu (p,p ') onpe,D.enReTcR, 
B OCHOBHOM, nepeXO,D.aMH B COCTORHHR 4+. 

Ha puc. 6 u 7 npuoe,D.eHhl ".D.u<W>epeuuuanbuble" cneKTPhl 
oo36y)I(,D.eHHR R,D.pa, pacc'IHTaHHble .D.nR onpe,D.eneHHbiX 3Ha-

16 

J 
G i.:'!_;_jf,r-1 

g 

o· 
2 

Puc. 6. ",l(u¢¢epeHfiUO/IbHblil" cneKmp fJ036yJKOeHUJI JIOpa 
a peaKfiUU (p,2p) /cnAOWHble AUHuuju (p,p'n) /nyHKmup/ 
0/IJI nAOCKOCmU pacceJIHUJI npu 8 =0 , 90'~ 180°. 

'leHHH yrna BbineTa npoToHa unu ueH:Tpoua. B peaKUHRX 
(p, 2p) u (p,p 'n) <l>opMa .D.H<l><l>epeuuuanbHbiX cneKTpoo npu 
3HeprHHX, COOTBeTCTBYIOmHX H30CKanHpHOMy pe30HaHCY 
H BbiUie, onpe,D.enHeTCH, B OCHOBHOM, B3aHMO,D.eHCTBHeM 
KonneKTHBHoro E2-nepexo,D.a u KorepeHTHoro BKna,D.a 6onb
rnoro 'IHcna ,D.pyrux nepexo,D.oB, KOTOpbiH B uanpaoneuuu, 
6nH3KOM K BeKTOpy q, npOHBnHeTCH KaK npHMOe KBa3Hynpy-

roe Bbl6uoauue npoToHa unu ueH:Tpoua. B uanpaoneuuu, 
o6paTHOM no OTHOllleHHIO K BeKTOpy q-> /"aHTHKBa3Hynpy
raH KHHeMa THKa" /, 3TOT KorepeHTHbiH BKna,D. npona,D.aeT. 
<l>opMa .D.H<l><l>epeuuuanbHbiX cneKTpoo B peaKUHHX (e,e 'p) 
u (e ,e 'n) ropa3.D.O cno)I(Hee, TaK KaK ouu onpe,D.enHIOTCH 
He TOnbKO H30CKanRpHbiMH, HO H H30BeKTOpHbiMH nepexo
,D.aMH, B TOM 'IHCne KOnneKTHBHbiMH El-nepeXO,D.aMH, HHTep
<l>epeHUHH KOTOpbiX C KOnneKTHBHbiMH E2-nepeXO,D.aMH OTBe
qaeT 3a rnaBHbie oco6euuocTu .D.H<l><l>epeuuuanbHbiX cneKTpoo 
o paH:oue 25-35 M3B. 
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Puc. 7. "AudidiepeHt~Ua/lbHbiU " cneKmp eo36)'JKOeHUJI JIOpa 
e peaKijUU (e ,e 'p) jcn/IOUIHble /IUHuu/ u (e ,e n) jnyHKmup/ 
npu e =0~ 45°, 90~ 135°' 180°. 
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§5. OE 3f/>ct>EKTAX HCKA)J(EHHH B PEAKL(H.JIX 
C IIPOTOHAMH 

HcKa)KeHHH aonHOBbiX cpyHKUHH na,IJ,aiOIUero H paccexH

Horo npOTOHa B peaKL(HHX (p,2p) H (p,p 'u) CKa3biBafOTCH He 

TOJ1bKO Ha a6comoTIIOH BeJ1H'IHH8 Ce'leHHH 3THX peaKL(HH 

/B HaUieM CJ1yqae y'leT HCKa)KeHHH npHBO)J,HT B cpe,IJ,HeM 

K yMeHbllleHHIO Ce'leHHH npHMepHO B 1,5 pa3a/, HO H Ha 

cpopMe yrnoaoro pacnpe,IJ,eneHHH Bbi6HTbiX HYKllOHOB. 

B nnocKoaonHOBOM /no nponeTaiOIL(eH: 'laCTHUe/ npH6nH

)KeHHH yrnoaoe pacnpe,IJ,eneHHe Bbi6HTbiX HYKllOHOB xapaKTe

pH3yercH OCeBOH CHMMeTpHeH OTHOCHTellbHO BeKTOpa nepe

,IJ,aHHOrO HMnynbca q. CHnbHoe norno!L(eHHe nponeram!L(ero 

a,IJ,pOHa B H,IJ,epHOM Be1lleCTBe, llO,IJ,'IepKHBaH llOBepXHOCTHhlH 

xapaKTep peaKUHH Bhl6HBaHHH, BHOCHT B reoMeTpHIO pac

IL(ellJ1eHHH KOHKYPHPYIOIUHH :JneMeHT oceaoii CHMMeTpHH 

OTHOCHTenbHO HanpaaneHHH na,IJ,aiOIL(ero ny'IKa. ~nH roro, 

'IT06hl ccpopMyllHpoBaTb OCHOBHhle 3aKOHOMepHOCTH Hapy

UieHHH CHMMeTpHH llJ10CKOBOJ1HOBOrO npH6J1H)KeHHH, Y,IJ,06HO 

paccMoTpeTb yrnoaoe pacnpe,IJ,eneHHe Bbi6HTbiX qacTHU 

B ,IJ,BYX 'laCTHblX Clly'laHX: a/ B llJ10CKOCTH pacCeHHHH 

npOTOHa BblCOKOH :JHeprHH H 6/ B llJ10CKOCTH, nepneH,IJ,HKy

llHpHOH BeKTopy nepe,IJ,aHHOro HMllYllbCa Q. 
Ha puc. 8a H 86 noKa3aHo yrnoaoe pacnpe,IJ,eneHHe 

Bhl6HThlX npOTOHOB B llJ10CKOCTH pacCeHHHH npH 3HeprHH 

B036y)K,IJ,eHHH 30 M:JB, COOTBeTCTBYIOIL(eH rHraHTCKOMY 

KBa,IJ,pynOllbHOMY pe 30HaHCY. 0HO xapaKTepH3yeTCH 60J1blllHM 

'IHCJ10M OCL(HJ1J1HL(HH, 'ITO CBH3aHO C BKJ1a,IJ,OM nepeXO)J,OB 

BbiCOKOH MYllbTHnonbHOCTH. Y'leT HCKa)KeHHH ,IJ,ecpopMHpyeT 

BCIO KapTHHY yrnoaoro pacnpe,IJ,eneHHH TaKHM o6pa3oM, 

'ITO BBeCTH B llJ10CKOCTH pacCeHHHH KaKyiO-TO HOBYIO OCb 

CHMMeTpHH /KaK 3TO 'laCTO ,IJ,enaeTCH llpH HHTepnpeTaL(HH 

3KCnepHMeHTOB THna (p,p 'y), (a, a' y ) H T .n.j He y,IJ,aeT

CH. Hau6onee cunbHbie H3MeHeHHH yrnoaoro pacnpe,IJ,eneHHH 

HYKJ10HOB npH y'leTe HCKa)KeHHH npOHCXO,Il,HT B Hanpaane

HHHX, nepeneH,IJ,HKYJ1HpHhlX BeKTOpy nepe,IJ,aHHOrO HMllYllbCa. 

HcKa)KeHHH aonHOBbiX cpyHKUHi na,IJ,aro!L(eH H pacceHHHOH 

'laCTHU llpHBO,IJ,HT K TOMY, 'ITO a3HMyTaJ1bHOe pacnpe,IJ,eJ1eHHe 

BbJ6HTbiX HYKJ10HOB BOKpyr BeKTOpa nepe,IJ,aHHOrO HMllYllbCa 

q~ CTaHOBHTCH CHJ1bHO aHH30TpOllHbiM. ~J1H 3TOrO pacnpe-
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Puc.B. YzAo6oe pacnpeoeAeHue 6&16U111biX npomoHo6 6 nAoc
Kocmu pacceJIHUJI c y'lemoM /cnAoruHaJI/ u 6e3 y'lema 
/nyHK111Up/ UCKaJKeHUJI 60AH060U fPYHKliUU npoAe1/laiOJ11e2o 
6&1cmpozo npompHa: _

1 a/ q =1,0 cp-. E =30 M3B, 6/ q =1,5 cp ,E =30 M:JB, 
6/ q =1,5 cp-1. E =60 M3B. 

.D;eJieHHB. xapaKTepHO, 'ITO Bhi6HThie HYKJIOHhl BhiJieTaiOT H3 

H,npa npeHMy~ecTseuuo s uanpasneHHB.X ¢ = ± rr/2 /puc. 9/. 

21o· 

<t=O· I ) I l I 180° 

go· 
Puc. 9. A3uMymaA&Hoe pacnpeoeAeHue 6&16U1!1biX npomoHo6 
6 nAOCKOC111U, nepneHOUK~AJIPHOU 6eK1!1opy <1, 6 peaKijUU 
(p,2 p) npu q =1,0 cp- ,E =30 M3B. 
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§6. 0 COOTHOlliEHHH IIPOTOHHb1X H HEHTPOHHb1X 
KAHAJIOB PACI.I.(EIIJIEHHJI Jl/l,PA 

Bee xapaKTepHCTHKH npoTOHHhiX H ueiiTpoHHhiX Kauanos 

pacmenneHHB. H,npa npoToHaMH,B3B.Tbie npH o.nuou H Too )l(e 

:meprHH B036y)I(.D;eHHB. B.,npa, B 061.J..{eM 6JIH3KH ,npyr K ,npyry; 

B 3TOM npOB.BJIB.eTCB. HC 30CKaJIB.pHbiH xapaKTep B036y)I(.D;eHHB. 

B..D;pa B peaKIJ,HH (p,p ') H llO'ITH CTporaB. npOTOH- HeHTpOHHaB. 

CHMMeTpHB. CTpyKTypbl paccMaTpHsaeMoro B..D;pa 12C B OCHOB

HOM H B036y)I(.D;CHHbiX COCTOB.HHB.X. EcTeCTBeHHO, 'ITO 

3HalJHTeJibHOe pa3JIHlJHe MC)I(.ll;y npOTOHHblMH H HeHTpOHHblMH 

KaHaJiaMH HMeeTCH npH CaMblX MaJiblX 3HeprHB.X B036y)l(,nC

HHB., r,ne CKa3biBaCTCB. pa3HHIJ,a npOTOHHOro H HCHTpOHHOrO 

noporOB H KYJIOHOBCKOe B3aHMO.li;CHCTBHC Bbi6HTOro npoTOHa 

c B.,npoM-OCTaTKOM. Ka3anocb 6bi, ponb 3THX $aKTopos 

.D;OJI)I(Ha nocTeneuuo na.naTb no Mepe pocTa 3HeprHH so3-

6y)l(,neunH B.,npa. PaclfeT noKa3biBaeT, 'ITO .neno npoucxo,nHT 

HHbiM o6pa30M. TaK, OTHOIIIeHHe BbiXO.li;OB npOTOHHOrO 

H HeHTpOHHoro KaHaJIOB B peaKIJ,HH (p,p ') MCHB.CTCB. B 3aBH-

CHMOCTH OT 3HCprHH B036y)I(.D;CHHH HCMOHOTOHHO. 8 06JiaCTH 

KBa,npynoJibHoro ruraHTcKoro pe3oHauca ua6mo.naeTcB. MaK

CHMYM 3TOrO OTHOIIICHHB., llpH'ICM BbiXO.ll; llpOTOHOB 3.li;CCb 

B llOJITOpa pa3a 60JibiiiC, lJCM BbiXO.D; HeHTpOHOB 

/ma6A. 1/.TaKoro po.na uapyrneHHH npoTou-ueiiTpouuoii 

CHMMeTpHH B pcaKIJ,HH (p,p ') npH 60JibiiiHX 3HeprH.IlX B03-

6y)l(.li;CHH.Il MOryT npe,ncTaBJIHTb 3HalJHTCJibHbiH HHTepec 

.D;JIH BbiHCHCHHH MexaHH3Ma pacmenneHHH H,npa. B paccMaT

pusaeMoM B..D;pe l :>c npHlJHHa 3$$CKTa 3aKJIIOlJaCTCB. B TOM, 

'ITo B o6nacTH KBa,npynoJibHoro ruraHTCKoro pe3ouauca 

OC06CHHO BCJIHKa pOJib nepeXO.D;OB 0 1 • :2 1 H 0 I • 4 1 

COOTBCTCTBYIOI.J..{HX f - BOJIHC Bbi6HBaeMOI'O llpOTOHa HJIH 

ueiiTpoua. U,euTpo6e)I(HbiH 6apbep B f -sonue oqeub BbiCOK, 

H OTHOCHTCJibHO HC60JibiiiOC pa3JIHlJHC B KHHCTHlJCCKHX 

3HeprH.IlX npOTOHa H HeHTpoua, CB.Il3aHHOe C pa3HHIJ,CH 

noporos, nepexo,nHT B 6onbrnoe pa3JIHlJHe MC)I(.D;Y npouuu.a

CMOCTB.MH 3TOrO 6apbepa B npOTOHHOM H HeHTpOHHOM 

Kauanax. TaKHM o6pa3oM, B paccMaTpHsaeMoM cnyqae 

npeo6na.nauue npoTouuoro KaHana paciiJ,enneHHJI H.D;pa B 

peaKU.HH (p,p ') B o6nacTH E 30 M:JB BhiCTynaeT KaK 

CBOC06pa3HhiH HH.li;HKaTOp OC06oro BKJia,na O.li;HOlJaCTHlJHOro 
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1f 712 -pe3ouauca /"pe3ouauca liJopMLI"/ B KOJIJieKTHBHLie 

B036y)l(,neHH.IJ MYJihTHIIOJihHOCTH J =2 H J =4. 
B peaKUHH ( e ,e ') xapaKTepucTHKH rrpoTOHHLIX H ueiiTpou

HhiX KaHaJIOB, KaK rrpaBHJIO, O'leHb CHJihHO pa3JIH'IaiOTCH 

Me)l(.ny co6oii. CaM BLixo.n ueiiTpOHOB B peaKUHH (e,e ' ) 

B yCJIOBHHX, B KOTOpbiX BhiiiOJIHeHLI HaWH paC'IeTLI, o6yCJIOB

JieH HCKJIIO'IHTeJILHO rrepe3apH,nKOH B KOHe'IHOM COCTOHHHH 

npouecca pac~enneHHJI H,npa, TaK KaK npHMoe B3aHMo.neii

cTBHe 3JieKTpoua c ueiiTpouaMH MLI He y'IHThlBaeM. EcTecT

Beuuo, 3Ta rrepe3apH,nKa MaKCHMaJILHa B pe30HaHCHhiX 

COCTOHHHHX, xapaKTepH3YID~HXCH orrpe,neJieHHhiM 3Ha'leHHeM 

H30CIIHHa. 0,nHaKO CBH3h Me)l(,ny IIpOTOHHhlMH H HeihpOHHLI

MH KaHaJiaMH, llpHBOAH~aH K nepe3apH,nKe, OCTaeTCH BeCL

Ma 3aMeTHOH BIIJIOTh ,no 3HeprHH 3Ha'IHTeJILHO BhiWe ruraHT

CKHX pe3ouaucoB I puc. 1/. B :noii o6nacTH 3Hepruii yrnoBoe 

pacnpe,neJieHHe HeHTpOHOB B peaKUHH (e,e 'n) O'leHL 6JIH3KO 

K yrJIOBOMY pacnpe,neJieHHIO IlpOTOHOB B peaKUHH (e,e' p) 

H BIIOJIHe COOTBeTCTByeT 06bi'IHhiM npe,ncTaBJieHHHM 0 llpH

MOM KBa3HynpyroM Bhi6HBaHHH /CM. puc. 3/. KaK y)l(e 

rro,nqepKHBaJIOCh B pa6oTaX 'l·-S ', 3KCIIepHMeHTaJILHOe H3y

'leHHe peaKUHH (e,e 'n) B YCJIOBHHX, II03BOJIHIO~HX HCKJIID

'IHTh BKJia,IJ, IIOIIepeqHhlX 3JieKTpOHHhiX liJopMiiJaKTOpOB H,npa, 

HMeeT Ba)I(HOe 3Ha'leHHe AJIH IIOJiy'leHHH Herrocpe,n

CTBeHHOH HH~OpMaUHH 0 pOJIH CBH3H KaHaJIOB B KOHe'IHOM 

COCTOHHHH npouecca pac~errrreHHH H,npa 'laCTHUaMH BhlCOKOH 

3HeprHH. 

§7. 3AKJIJOlJEHHE 

B .naunoH: pa6oTe c e,nHHLIX II03HUHH paccMoTpenLI 

ocnoBHhle oco6enuocTH rrpouecca pac~enneHHH H,nep 3JieKT

pouaMH H llpOTOHaMH BhlCOKOH 3HeprHH B WHpOKOM HHTep

BaJie 3HeprHH B036y)l(,neHHH H,npa - OT nopora ,no HeCKOJIL

KHX ,neCHTKOB M3B. IlpoBe,neHHble paC'IeTbl H HX aHaJIH3 

llpHBOAHT K 3aKJIIO'IeHHIO 0 TOM, 'ITO KOppeJIHUHOHHble 

3KcnepuMeHThl (e ,e 'N) H (p,p 'N ), oco6euuo npoBOAHMLie 

B co'leTaHHH ,npyr c .npyroM, MoryT .naTL ueuuyw .norron

HHTeJILHYID IIO OTHOWeHHIO K 3KCIIepHMeHTaM (e,e ') H (p,p ') 

uuliJopMauuw o CTPYKType H,nep B o6nacTH uenpephlBHoro 

crreKTpa. 
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