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I. BBE,1.LEIlliE 

Mcc~e~OBaHHe RMrrY~bCHHX -CTIeKTpOB rrpO~OHOB OT wparMeHTa~R ne~T


I pOHOB aa HAPax. IDITeHCM1BHO rrpoaouameeca B nocaenaae POJ:ij;l, CTMMYJllipy

11; eTCR: r~aBHUM o6pa30M CTpeM~eHHeM TI0JIYQRTb nOrrOJIHMTe~bHyD KHwopMa~ID
 

o CTPYKType ·aeHTpOHa H ee npoasaeaaa B anepaax C'.!'OJIKHOBeHHHX. Orrp'e
< 'i	 neJIeHÍiWt aran aTRX HCC~enOBaIm~ saaepuaaca, sorna CTaJIO HCHO /1-37, 

~TO BCID ~aKOnnBHHYID K TOMY BpeMeHH cOBoKyrrHocTb naHHHX *) o peaRUKH 
Ii •• A( d, , P)X MOJKHO onzcarr, aa OCHO.Be MOneml MHOf'OKpaTHoro HYl\JIOH-HYl\JIOH

Hora paCceHHRa, c RcrrO~b30BaHHeM HaBeCTHHX BO~HOBHX WYHK~n ~eHTpOHa 

(HanpRMep, ~YHK~H Pei1na ~ MopaB~8 - rapTeaxayaa), R JIOpe~eBCKO
ro rrpeo6paaOB8HRH RMrrYJIbCOB HYK~OHOB BHYTPH neHTpOHa rrpH rrjPexone Ma 
CHCTeM~ rrOKOH ne~TpOH8 B ~86opaTOpHYID CRCTeMY KoopgaHaT /1 • 

B Teqenne rroc~egHRX HeCKO~bKRX JIeT SKCrrepHMeHTa~b~ue HCCJIenOBa~' 

HHH peaxnaã A( cl , P )X nposeneas npz HMrrYJIbcax JJ.eHTpoHoB BllJIOTb no 
9 rsB/c, a crreKTp~ rrpoToHoB HaMepeHH B60JIee lliHpOKOM HM/{JIbCHOM HH
repsaae , rrOqTlI no KMHeMaTRqeCKoit ~iHl1Uli RX HcrrYCKaHRR: 4-6/. IIpH 
aTaM OK8aaJIOCh, ~TO HOB~e naHHHe y~e He OrrHCaBaIDTCR: B paMKax 
rrpeKHero rronxona /1/, c HCrrOJIbaOBaHHeM RaBeCTHHX BOJIHOBHX ~YHKUR:i1 
neHTpoH8o ~ 06bHCHeHRH B03HHKrnero pacxORneHHH 6~ rrpRB~eqeHH rrpen
CT8B~eHRa o npHMeCH wecTHKBapKoBoa KOMrrOHeHTH B BOJIHOBOH WYHK~ Jea
TpOHa H o npORBJIeHWi B crreKTpe ppOTOHOB AR6apHO~qOrO pesoHaHca 6. 

HaPHJlY c HaROl1JIenneM HOBHX aKCrrepHMeHT8JIbH1:lX ~aHHwc. aa nocaeaaae 
I " 

ro~ orrpeneJIeHH~e ycrr8XH nOCTHrHYT~ H B paSBHTKH TeOpeTHqeCKHX MOde
JIeH anH OITHCaI~ CTO~KHOBenntt pe~THBHpTCKHX COCTaBHHX cnCTeM /7-1 /. 

'CTaHOBHTCH' Bce 6o~ee rrORRTHHM, qTO HaBJIeqeHHe HHWOPM8uaH o CTpYKType 
neaTpOH8 Ha ~aHHHX o ero ~parMeHTaUHH H8 HAPaX HeBoaMO~HO 683 KOp
peKTHoro OITHC8HKH MexaHHaM8 rrpOTeKalD[R peaK~H H HaAHe~mero yqeT8 
pe~TKBRCTCKHX a~eKTOB. B 3Ha~TeJIbHOR Mepe OCTaeTCH O~KpHTUM M Eorr
pOC o TOM, B KBRO~ CTerreRE paa~qH~e acrreKTH CTPYKTypH peJIRTHBHCTCKott 
CHCTeM~ rrpO~TCH B crreKTpax ee ~parMeHTOB, HcrrymeHHHX B peaY~bTaTe 

~)B pa60Te /3/ MO~O HaitTR CCanRM Ha pesYJIbTaTH, nOJIyqeHHHe ao 1978 ro 

1~'\tâbUt':lH1loiil' K:!Cnrryr \ 
I.A~~!i~Ã H{ r ,"'i' ÃOBtlH81 
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BS8KMO~eRCTBHR aToR CHCTeMU c MMmeHbID. Bce aTO odycnoR~BaeT ~anbHe~

illHe, 60~ee ue~eHanpaB~eHHUe, Hcc~e~OBaHRH npoueCCOB wparMeHT~ pe
~TKBRCTCKHX ~eRTpOHOB. 

~ 8KcrrepRMeHTax, OnMCaHHHX B padoTax /4.6/, HSMep~Cb crreKTpu 
nporoaoa, B.bl.JIeTalOIURX B peaKUHR.X A ( d , P)X non Hy~eBHM yr~OM. Ilpa 
aTOM aBTOpU Hage~cb HSB~e~b HHwopMa~ o BO~HOBOH WJHKURH neRTpOHa 
HenocpegcTBeHHO H3 peSY,bTaTOB H3MepeHHR gH~epeHUHanbHHX ce~eHHH. 

OnHaKO Ylle YKa3W3anocb 5,11/, xro W'L~epeHm1a~H.bI.e ceseaaa peaK~R 
A{d , P )X, H3MepeHlille non ManhIM1i yr~aMH, llYBcTBRTe~bHu ae TO~KO K 
KBaAPaTY BoxaOBoH WYHK~ geHTpoHa, HO H K CTPYKType nOBepXHOCTHoro 
C~OR RAPa-MMweHH. ITPH onpege~eHHHX YC~OBRR.X Mo~eT OKasaTbCR cymecT
BeHHHM TaKEe BKJIag gpyr~ MeX~HR3MOB, OT~'l:H.ID: OT crpannaara R llHlf!
paKUHOHHOH ARccOUHa~ 112 , 13/ 0 

~TR coocpaseaaa rr06yltWlli aao npa Rcc~enOBaHHH peaKUHíl A( d, , P )X 

BudpaTb TaKHe KHHeMaTHlleCKRe YC~OBRR, llTodu pesY~bTaTu aKcnepRMeHToB 
MO~O d.~o RHTepnpeTHpoBaTb c rrOMOmDID OnHoro ~OMMHMpYIDmero MeXBHRSMa 
peaKURH. IT08TOMY npR HSMepeHHH cneKTpoB npoToHoB, RcnycKaeMHX BO B3a
HMOne~CTBRR.X geHTpoHoB c HMrrYJlbCOM 9 faB/c c RgpaMM Bogopona, ne~Te

pHR R yrJIepoga, yro~ Ha6JllOgeHHR 6WI naopaa paBHWv'I 0,139 pane ll;m eTOM 
RHTepB~ KMny~coB BTOpHllHUX rrpOTOHOB OT 4,3 go 7,3 faB/o D OROTeM8 
nOKOH geHTpoHa COOTBeTCTBYlOT yr~ RcrrycKaHMR npOTOHOB Bonn3R OT eco, 
a HMeHHO OT 670 AO S6°, H MOJItHO 6.bl.JI0 HageRTbcH, 'TO cOaWilOTOJl YOJIO
BHR ~ rrpHMeHHMOCTH Mo~e~ lKeCTKHX CTOJlKHOBeHRn 7-9/, 

2. ~KCl1EPl1MEHT 

~3MepeHk'lH KMrrY~bcHHX cneKTpoB npoToHoB, HcrrycKaeMux B peaKunRX 
A( d , P)X, npOBOgMHCb aa CHHXPOWasoTpoHe Ollilli c nOMOllU:>lO MarHnTHOrO 
cneKTpoMeTpa c npOBO~OllH~ KaMepaMH Ha ~HHM c ~BM. CxeMa aKcnepn
MeHTa nOKa3aHa Ha pRC. I. 

lly1!OK BUBeneHHHX H3 CMHX~owaSOTPOHa neHTpoHoB c HMnYJIbCOM 9 faB/c 
R HHTeHCHBHOCTbID (0,5 + 5)-10 ~aCTMU B HMnY~bcax nJIHTe~bHOCTblO OKO~O 

0,5 c M c ~acTpToR 0,1 Tu na~an Ha MHilleHH MS CH2 ' CD2 H C TO~HOH 

OKO~O 2 r/cM2 KalKgaH, YCTaHaB~aBwnecH rroo'l:epenaO B HOHonpoBon Men
aeaaoro naao na nysxa, BTOpH'tlHHe 'lJaCTHI.\u,HcnymeHHHe non yrJrOM 0,139 paa, 
perMCTpHpOBanHCb B npa,IJ;arrax ropR30HTanbHOrO yr~oBoro aKCerrTaHCa 
0,005 pan CUHHT~Rl~OHHHMR C~eT'l:KKaMH CO + C4 H npOBO~O~HHMH KaMe
PaMH~Kl + KI3 /14/. 

TeJIeCHHH yro~ OCHOBHoro ~e~a cneKTpOMeTpa orrpege~cH pa3MepaMM 
CnaRTHJlAHTOpOB ClleTllHI\OR CO (54xI20x20 MM3) M C4 (600xISOx20 MM3) H 

2 

~OBoa nEPB~~Horo nY~K~ 

PRC. I.	 CxeMa 8KCnepHMeHTa. T - MHWeHb, M- MHHHTOpU n~Ka, MI + M3 
MarHMTU, CO + C7 - CUHHTHJlA~OHHHe CQeTllHKH, RI + RIS - npo
BO~O'l:HUe KaMepu. 

~OCTa~ 2,S·10-5 cp. KalK~ CUHHT~HTOp rrpOCMaTpRBaJICH c npOTHBO
rro~olKHHX KOauOB nEYMH WOToYMHOKRTe~ THna XP-2020 llepe3 CBeTOBO~ 

M3 uneKcHr~aca. MMnyJIbCU OT ~3Y HcnO~b30Ba~Cb KaK AJIH Bupa60TKH 
TpHrrHpYIDmero CHrHana YCTaHOBKH, TaK H AJIR H3MepeHHH BpeMeHH npo~eTa 

perHcTpHPyeMux llaCTHU. 
MMnY~bCu BTOpHllHUX ~acTHU orrpeAe~cb no 3Ha~eHHRM Koop~aT, 

3aperHcTpRpoBaHHHX rrpOBO~OllHHMH KaMepaMH cneHTpOMeTpa, H roaHHHM o no
~e B 3a30pe aH~3HPYIDmero MarHHTa c TOllHOCTbID OKO~O '0,2%/I5~H3Mepe
IDlH OXEaTbIBa.7lli illVIIIY~bCHl:lli HHTepBaJI BTOpH1lHI:lX llaCTHU OT 3,3 ,IJ;O 9 faB/c 
H npOBO,IJ;aJlHCb B HeH3MeHHHX reOMeTpRlleCKKX ycnOBRRX npR HeCR~b

KliX 3HalleHHHX TOKa B036YEgeHHH aHallH3HpYIDmero MarHHTa. 3TH SHalleHHH 
BH6HpaJrncb TaKHM oópaSOM, ~T06u ~aCTH crreKTpa, nO~Y1leHHUe rrpH cocen
HRX 3Ha~eHRRX TOKa, HMe~ nepeKpuaalOillHecH YllaCTKR, H3MepeHHue co 
100 %-HOH reOMeTpHlleCKOH 3~eKTHBHocTbD crreKTpoMeTpa. 3TO 6HJIo Heoó
xOj:UdMo, llTodu odeCnellHTb rrpaBH~bHoe "Clill1BaIDle" paMHllllliX llaCTe:« 
crreKTpa B YC~OBHHX 6ucTporo H3MeHeHRR BUXOAa BTOpRllHUX llaCTHU c HM

nYJI.DCoM. 
BTOpHllHHe npoToHH BHne~Cb no H3MepeHHHM 3HalleHHHM HX HMnYJIbCa 

H BpeMeHH np~eTa Ha da3e nJIRRO:« OKO~O 22 M Me~gy ClleT1lRK8MR CO H C4 
c BpeMeHHHM pa3peweHHeM ± 200 nc /16/. 

B THllRllHHX 3KCnepHMeHT~HUX YC~OB~ perHcTpHpoBanpcb OT 10 go 
500 C06uTHR.3a HMnY~bc YCKopHTe~, B 3aBMCHMOCTH OT H3MepHeMoM llaCTH 
cneKTpa MHHTeHCHBHOCTM nepBMllHOrO rryqKa. J!\cnepHMeHTaJIbHaH HHwopMa
UME nocTyrraJIa B CneUHaJIbHHH 6JIOK 6ywepHo~ naMRTH, a B npoMeEYTKax 
Me~AY HMrrYJIbCaMH YCKopHTeJIR llepe3 anrrapaTYPY CBR3H nepenaBaJIaCb B 
3BM EV-IOIO, 3allRC1lBaJIaCb aa MarIDlTHHe ~eHTU H nonaepraaacs npeuaapa
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Te~bHOM 06paOOTKe B xOAe aKCrrepHMeHTa. OKOH~aTe~bHaH OOpaOOTKa naH
HbI.X c Y'leTOM BCeX KpRTepReB OTOOpa C06hITRM rrpOM3BOAWIaCb Ha 3BM 
CnC-6500 o 

OTHOCRTe~bHOe MOIDiTOpHpOBaHl1e RHTeHCID3HOCTR neM'l'pOHHOrO nysxa, 
rranaBillerO Ha MRWeHb, npUH3BÓnn~OCb c rrOMOmbID ABYX TeAeCKOrrOB C~HTRn
JIJliU'lOHHIDe. C~eT'lRKOB, HanpaMeHHHX na OTAMbHyro MOHl1TOpHYID MHWem:. R3' 
noaaaraaesa TO~l.mmo.f.i 600 MKM, pacnoaoaeaayo B aoaonpoaoue MeiJ,,'leHHOrO 
BhIBOna na paccroaaaa OKOJIO 1,5 M nepen RcC~ellYeMo.f.i MRweHbID • .lJJm ao
CO~IDTHo.f.i HOpMRpOBKR rro~yqeHHliX B OTHOCRTeAbHHX e~HR~ax AR~epe~

a~bHHX ce'leIrniÍ cl:tE;' /cUld..p npouecca A( d , P)X B cnenaansasx onarax 
npOBOAfiJIOCb R3MepeHRe HaBeneHHoiÍ aKTRBHoC~R Rnep 24 Na ·B TOHKRX aAro

MRRReBWC !ÍJo~brax, oOAy-qeHHHX B MeCTe pacnoaoseaaa MI1illeHl1. TIpeAIIo~a

raaocs , tITO cexeaae peaKUW1 27Ae (d., X)24Na ne 3aBRCRT OT RMrry~:oca 
ilaAaIDmHX neiÍTpoHoB B RliTepBMe OT 3,8 no 9 r3B/c, R ero 3Ha'leHRe O~O 

npRH.lITO paBHhl:M (15,25 ~ 1,5) MÓ /177. Ec~ AonYCTHTb, ~TO B YKaSaHHOM 
RHTepBaAe RMrrYJIbCHa.lI 3aBnCRMOCTb ce~eHR.lI aToiÍ peaK~R COBnanaeT c RS
BeCTHOH 3aBRCRMOCTbID peaKUID'I 27Ae (p, X)24Na. /18 ,.TO EMSCTO 15,25 MO 
cne~oBano OH Hcrr~:030BaT:O. 3Ha'leHne, Ha 5 %MeHhillse. 

E peSYJIbTaThI H3MepeHMM BHOC~Cb rrorrpaBKH, CBH3aHHhIe c .lInepHUM 
nor~OmeHHeM R MHorOKpaTHhIM paCCe.lIHReM perHcTpHpyeMHX tIaCTH~ B BemeCT
Be YCTaHOBKR, a TaKlKe c reOMeTpRtIeCKoiÍ Heô~eKTHBHOCT:OID crreKTpOMeTpa 
BO~SR OT rpaHHU RCCJIeAYeMoro RHTepBMa RMnY~:OCOB, OTBe'laIDmerO naHHO
MY 3Hal!eHIDJ TOKa B036YlKneRRR aHa~3RpYIOmerO MarRRTa. Bn:~aJlhI "!ÍJOHOBHX" 
COOblTRM H c~y~aHHHX COBrraneHRM RCK~tIaJlRCb HS CTaTRCTlltIeCKOrO MaTepR
Ma B pe3Y~:OTaTe llcnO~bSOBaHl1R KpllTepReB OTóopa "rro~e3HWC" COÓblTRiÍ, 
onpeueaeaaax aa OCHOBe reOMeTpll~ecKoiÍ peKOHCTpYI{lJ,}IH rpaexropaã npoxo
nHl.lWX xepea YCTaHOBKY 'laCTIlli; II aaaaasa aMIIJlliTYl]; CRrHa~OB co ClJ,}IHTRJI
~~OHH.hIX CtIeT'lHKOB •. 

Cnexrpu I1pOTOHOB, 06paSOBaHHHX B cl,- P H d-d. coynapeaaax, Ha
XO~C:o no paSHOCTR crreKTpoB, rro~eHHHX c MHweH.lIMH K2 CH2 ' CD2 H 
C. BOSMO~{aR CllCTeMaT~eCK8.lI OillHOKa aOCO~THHX 3HatIeHM~ ll3MepeHHHX 
~!ÍJ!ÍJepe~allbHhIX CeqeHMH o~eHHBaeTCH paBHo.f.i t 15 %. 

3. P&:3YJI1TAThl M3MEPEID1H 

ft~nY~:OCHHe CrreKTplI rrpOTOHOB, ncnycKaeMHX nOl]; yr~oM 0,139 pag BO 
B3aHMOAeHCTBRaX neRTpOHOB c RMnYJI:ocoM 9 raB/c c HAPaMR BOnOpOna, neH
TepHH li yrJIepOna, rrOKasaHH Ha pnc. 2. TIOJIyqeHHIIe 3Ha~eHR.lI llHBapnaHT
HHX ua~epe~aJIbHhl:X cel!eHHM rrpRBeneHH B Ta6~~e. 
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PRc. 2.	 MMnYJlbCHHe cneKTp~ npoToHoB, 3aperllcTpHpoBaHHHX rron yr~oM 

0,139 pa~ BO B3aKMOneHCTBRHX ne.f.iTpoHoB c ~1ny~:ocoM 9 raB/c c 
HnpaMR Bogopona, neHTepHR H yrJIepOnao CllJIOillHHe KpRBIIe - pe
3YJl:OTaT CilJlaHH-KHTeprrO~H llHBapnaHTHoro AK~epeHUHan:OHoro 

CetIeHKH AHR yrJIepOAHOH MKmeHR, YMHOaeHHHH Ha Koa~qHeHTH 

0,371 R 0,243. 
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Taó~.o;a. k1MTIy~bcHhle 

B peaKI.J;H.flX 
cneKTp~ npOTOHOB, HcnymeHH~ TIOa yr~oM 0,139 paA 
A( d., p)x npa HMTIY~bce AefiTpoHoB 9 raB/c Taó~H.o;a (TIpOAO~~eHHe) 

Jü p, 
raB/c 

2 

3.30 
3.34 
3.38 
3.42 
3.46 
3.50 
3.54 
3.58 
3.62 
3.66 
3.70 
3.74 
3.78 
3.82 
3.86 
3.90 
3.94 
3.98 
4.02 
4.06 
4.10 
4.14 
4.18 
4 '-;''71

._1-1

4.26 
4.30 
4.34 
4.38 
4.42 
4.46 
4.50 
4.54 
4.58 
4.62 
4.66 
4.70 
4.74 
4.78 
4.82 
4.86 
4.90 
4.94 
4.98 
5.02 
5.06 
5.10 
5.14 
~.18 
5.22 
5.26 

8 

I 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
'50 
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9.76E+Ol ±5.8E+00 
1.06E+02 ±6.0E+00 
1.06E+02 ±6.0E+00 
1.05E+02 ±5.9E+00 
9.18E+Ol ±5.5E+OO 
1.02E+02 ±5.8E+00 
9.09E+Ol ±5.4E+OO 
1.02E+02 ±5.7E+00 
8.05E+Ol ±5.0E+00 
8.90E+Ol ±5.3E+OO 
8.10E+Ol ±1.9E+00 
8.56E+Ol ±1.7E+00 
7.89E+Ol ±1.5E+OO 
7.68E+Ol ±1.4E+00 
7.30E+Ol ±1.3E+00 
7.12E+Ol ±1.2E+00. 
7.33E+Ol ±1.2E+00 
7.21E+Ol ±1.1E+00 
7.23E+Ol ±l.lE+OO 
7.10E+Ol ±1.1E+00 
7.27E+Ol ±l.lE+OO 
7.46E+Ol ±1.1E+00 
7.61E+Ol ±l.lE+OO 
8.21E+Ol ±1.1E+00 
8.18E+Ol ±l.lE+OO 
8.02E+Ol ±1.1E+00 
7.68E+Ol ±l.lE+OO 
6.90E+Ol ±1.0E+00 
6.41E+Ol ±9.6E-Ol 
5.40E+Ol ±6.6E-Ol 
4.53E+Ol ±5.7E~01 

3.77E+Ol ±4.9E-Ol 
2.99E+Ol ±4.2E-Ol 
2.45E+Ol ±3.6E-Ol 
2.02E+Ol ±3.2E-Ol 
1.63E+Ol ±2.8E-Ol 
1.38E+Ol ±2.5E-Ol 
1.12E+Ol ±2.2E-Ol 
9.76E+00 ±2.1E-Ol 
8.62E+00 ±1.9E-Ol 
7.21E+00 ±1.7E-Ol 
6.52E+00 ±1.6E-Ol 
5.43E+00 ±1.5E-Ol 
5.03E+00 ±1.4E-Ol 
4.25E+00 ±1.3E-Ol 
3.76E+00 ±1.2E-Ol 
3.41E+00 ±1.2E-Ol 
3.13E+00 ±l.lE-Ol 
2.90E+00 ±1.1E-Ol 
2.40E+00 ±9.8E-02 
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4.19E+Ol ±6.1E+00 
3.13E+Ol ±5.9E+00 
3.11E+Ol ±5.9E+00 
2.~9E+Ol ±5.6E+00 
3.27E+Ol ±5.6E+OO 
2.76E+Ol ±5.6E+OO 
2.90E+Ol ±5.4E+OO 
2.51E+Ol ±5.5E+00 
2.76E+Ol ±5.0E+00 
2.43E+Ol ±5.1E+00 
2.79E+Ol ±1.9E+00 
2.41E+Ol ±1.7E+00 
2.32E+Ol ±1.5E+00 
2.13E+Ol ±1.4E+00 
2.49E+Ol ±1.3E+00 
2.43E+Ol ±1.2E+00 
2.37E+Ol ±1.2E+00 
2.10E+Ol ±l.lE+OO 
2.42E+Ol ±l.lE+OO 
2.45E+Ol ±l.lE+OO 
2.52E+Ol ±l.lE+OO 
2.99E+Ol ±l.lE+OO 
2.96E+Ol ±l.lE+OO 
3.24E+Ol ±1.2E+00 
3.42E+Ol ±1.2E+00 
3.65E+Ol ±1.2E+OO 
3.35E+Ol ±1.2E+OO 
3.07E+Ol ±1.1E+00 
2.47E+Ol ±1.0E+00 
2.23E+Ol ±6.8E-Ol 
1.73E+Ol ±5.7E-Ol 
1.42E+Ol ±4.9E-Ol 
1.19E+Ol ±4.2E-Ol 
9.34E+00 ±3.6E-Ol 
7.90E+00 ±3.2E-Ol 
6.36E+00 ±2.8E-Ol 
4.95E+00 ±2.5E-Ol 
4.32E+00 ±2.2E-Ol 
3.24E+00 ±2.0E-Ol 
2.71E+00 ±1.8E-Ol 
2.41E+00 ±1.7E-Ol 
2.04E+00 ±1.6E-Ol 
1.78E+00 ±1.4E-Ol 
1.68~+00 ±1.4E-Ol 
1.70E+00 ±1.3E-Ol 
1.39E+00 ±1.2E-Ol 
1.28E+00 ±1.2E-Ol 
1.01E+00 ±l.lE-Ol 
9.75E-Ol ±1.0E-Ol 
9.54E-Ol ±9.7E-02 

IH 

-------~----------------
(E/p2)dh, /cLQdp, Mó/(cp.rsB2/c3) 

-----------------------
2H ·I2c 

3 

2.67E+Ol ±5.3E+OO 
2.38E+Ol ±5.3E+00 
1.91E+Oí ±5.2E+00 
1.67E+Ol ±5.1E+00 
1.98E+01 ±4.9E+00 
1.76E+Ol ±5.0E+00 
1.75E+Ol ±4.7E+00 
9.62E+00 ±4.7E+OO 
2.49E+Ol ±4.6E+OO 
1.47E+ül ±4.5E+00 
1.60E+Ol ±1.7E+00 
1.04E+Ol ±1.5E+00 
1.lbE+Ol ±1.3E+00· 
1.46E+Ol ±1.3E+00 
1.48E+Ol ±1.2E+00 
1.62E+01. ±1.1E+OO 
1.29E+Ol ±1.0E+OO 
1.49E+Ol ±1.0E+00 
1.45E+Ol ±1.0E+OO 
1.69E+Ol ±1.0E+00 
1.70E+Ol ±9.9E-Ol 
1.95E+Ol ±1.0E+OO 
2.09E+Ol ±1.0E+00 
2.03E+Ol ±1.0E+00 
2.30E+Ol ±1.1E+OO 
2.59E+Ol ±l.lE*OO 
2.27E+Ol ±1.0E+OO 
2.26E+Ol ±9.7E-Ol 
1.91E+Ol ±9.2E-Ol 
1.56E+Ol ±6.2E-Ol 
1.25E+Ol ±5.3E-Ol 
9.70E+OO ±4.5E-Ol 
8.17E+OO ±3.9E-Ol 
6~18E+00 ±3.3E-Ol 
4.81E+OO ±2.9E-Ol 
4. 18E+00 ±2.5E-Ol 
3.29E+00 ±2.3E-Ol 
2.73E+OO ±2.0E-Ol 
2.45E+OO ±1.9E-Ol 
1.94E+00 ±1.7E-Ol 
1.55E+00 ±1.5E-Ol 
1.49E+OO ±1.5E-Ol 
1.56E+00 ±1.4E-Ol 
1.16E+OO ±1.3E-Ol 
9.77E-Ol ±1.2E-Ol 
1.06E+00 ±l.lE-Ol 
7.37E-Ol ±1.0E-Ol 
8.03E-Ol ±1.0E-Ol 
7.18E-Ol'±9.8E-02 
7.95E-Ol ±9.2E-02 

( 

I 

51 
52 
5'-;' 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
7'3 
80 
81 
82 
8'71 
84 
85 
86 
87 
88 
8~ 
90 
91 
92 
93 
94 
95 
96 
97 
98 
'39 

100 
101 
102 
103 
104 
105 
106 
107 

5.62 

5.42 

5.82 

2 

5.30 
5.34 
5.38 

5.66 
5.70 
5.74 
5.78 

5.46 
5.50 
5.54 
5.58 

5.86 
5.90 
5.94 
5.98 
6.02 
6.06 
6.10 
6.14 
6.18 
6.22 
6.26 
6.30 
6.34 
6.38 
6.42 
6.46 
6.50 
6.54 
6.58 
6.62 
6.66 
6.70 
6.74 
6.78 
6.82 
6.86 
6.90 
6.94 
6.98 
7.02 
7.06 
7.10 
7.14 
7.18 
7.22 
7.26 
7.30 
7.34 
7.38 
7.42 
7.46 
7.50 
7.54 

3 

5.07E-Ol ±8.4E-02 
5.65E-Ol ±8.5E-oa 
4.88E-Ol ±7.8E-02 
5.47E-Ol ±7.6E-02 
2.88E-Ol· ±7.0E-02 
3.34E-Ol ±3.4E-02 
2.50E-Ol ±2.9E-02 
2.77E-Ol ±2.6E-02 
2.45E-Ol ±2.3E-02 
2.33E-Ol ±2.1E-02 
1.66E-Ol ±1.8E-02 
1.67E-Ol ±1.7E-02 
1.73E-Ol ±1.6E-02 
1.71E-Ol ±1.5E-02 
1.14E-Ol ±1.3E-02 
1.28E-Ol ±1.3E-02 
1.08E-Ol ±1.2E-02 
1.00E-Ol ±1.1E-02 
6.86E-02 ±1.0E-02 
7.09E-02 ±9.5E-03 
6.40E-02 ±9~OE-03 
6.06E-02 ±8.5E-03 
6.24E-02 ±8.0E-03 
3.55E-02 ±7.5E-03 
3.31E-02 ±7.1E-03 
3.95E-02 ±6.7E-03 
3.78E-02 ±6.6E-03 
3.83E-02 ±6.0E-03 
2.25E-ü2 ±5.6E-03 
2.16E-02 ±5.1E-03 
1.47E-02 ±4.7E-03 
1.96E-02 ±4.6E-03 
1.35E-oi ±4.2E-03 
1.43E-02 ±3.8E-03 
1.51E-02 ±3.0E-03 
1.21E-02 ±2.7E-03 
8. 13E-03 ±2.4E-03 
7.66E-ü3 ±2.1E-ü3 
6.20E-03 ±1.9E-03 
2.66E-Ü3 ±1.6E-03 
5.79E-03 ±1.4E-03 
2.85E-03 ±1.3E-03 
2.91E-03 ±1.lE-03 
1.15E-03 ±9.6E-04 
3.18E-03 ±9.7E-04 
1.51E-03 ±8.3E-04 
2.36E-03 ±7.4E-04 
1.09E-03 ±6.6E-04 
5.89E-04 ±5.7E-04 

4 

1.02E+OO ±9.6E-02 
6.89E-Ol ±8.9E-02 
6.99E-Ol ±8.4E-02 
7.77E-Ol ±8.2E-02 
4.88E-Ol ±7.6E-02 
4.33E-Ol ±3.6E-02 
3.94E-Ol ±3.1E-02 
3.68E-Ol ±2.8E-02 
3.39E-Ol ±2.5E-02 
3.10E-Ol ±2.2E-02 
2.98E-Ol ±2.0E-02 
2.31E-Ol ±1.8E-ü2 
2.50E-Ol ±1.7E-02 
2.33E-Ül ±1.6E-02 
2.05E-Ol ±1.5E-02 
1.89E-Ol ±1.4E-02 
1.53E-Ol ±1.3E-02 
1.55E-Ol ±1.2E-02 
1.34E-Ol ±1.lE-02 
1.09E-Ol ±1.0E-ü2 
1.06E-Ol ±9.9E-03 
8.73E-02 ±9.2E-03 
8.26E-02 ±8.6E-03 
6.49E-02 ±8.2E-03 
4.88E-02 ±7.6E-03 
5.16E-02 t7.1E-03 
4.72E-02 ±6.9E-ü3 
3.76E-02 ±6.2E-03 
2.62E-02 ±5.8E-03 
1.18E-02 ±5.7E-03 
2.94E-02 ±5.2E-03 
2.79E-02 ±4,9E-03 
3.21E-02 ±4.9E-03 
3. 17E-02 ±4.5E-ü3 
1.64E-02 ±3.1E-03 
1.28E-02 ±2.8E-03 
1.17E-02 ±2.5E-ü3 
1.12E-02 ±2.2E-03 
1.05E-02 ±2.1E-03 
6.09E-03 ±1.7E-03 
7.13E~03 ±1.5E-03 
5.09E-03 ±1.4E-03 
4.76E-03 ±1.2E-03 
4.85E-03 ±1.lE-03 
3.37E-03 ±1.0E-03 
1.26E-03 ±8.3E-04 
2.09E-03 ±7.5E-04 
1.59E-03 ±7.0E-04 
1.41E-03 ±6.3E-04 

1.19E-03 ±4.9E-04 
7.67E-04 ±4.1E-04 
1.48E-04 ±3.2E-04 
7.95E-05 ±2.6E-04 

5 

2.21E+OO ±9.4E-oa 
2.17E+00 ±9.4E-02 
1.82E+00 ±~.6E-02 

1.58E+00 ±8.1E-02 
1.55E+OO ±8.0E-02 
1.41E+ÜO ±3.8E-02 
1.31E+00 ±3.4E-02 
1.14E+00 ±2.9E-02 
1.05E+00 ±2.6E-02 
9.32E-Ol ±2.3E~02 

8.66E-Ol ±2.1E-02 
7.81E-Ol ±1.9E-02 
6.84E-Ol ±1.8E-02 
6.27E-Ol ±1.6E-02 
5.84E-Ol ±1.5E-02 
5.20E-Ol ±1.4E-02 
4.64E-Ol ±1.3E-02 
4.02E-Ol ±1.2E-02 
3.80E-Ol ±1.2E-02 
3.28E-Ol ±1.lE-02 
3.01E-Ol ±1.0E-02 
2.66E-Ol ±9.8E-03 
2.26E-Ol ±9.0E-03 
2.20E-Ol ±8.8E-03 
1.98E-Ol ±8.4E-03 
1.65E-Ol ±7.6E-03 
1.59E-Ol ±7.5E-03 
1.28E-Ol ±6.7E-03 
1.22E-Ol ±6.5E-03 
1.00E-Ol ±5.9E~03 

9.06E-02 ±5.6E-03 
7.79E-02 ±5~2E-03 

7.14E-02 ±4.9E-03 
5.41E-02 ±4.3E-03 
5.41E-ü~ ±3.4E-Ü3 
4.49E~02 ±3.0E-ü3 
4.23E-02 ±2.8E-03 
3~35E-02 ±2.4E-03 
3.14E-02 ±2.2E-03 
2.68E-02 ±2.0E-03 
1.90E-02 ±1.6E-03 
1.76E-02 ±1.5E-03 
1.50E-02 ±1.3E-03 
1.27E-02 ±1.2E-03 
1.08E-02 ±1.1E-03 
9.17E-03 ±9.9E-04 
6.44E-03 ±8.2E-04 
6.05E-03 ~7.9E-04 

4.98E-03 ±7.1E-04 
4.51E-03 ±6.7E-04 
2.60E-03 ±5.0E-04 
2.02E-03 ±4.4E-04 
1.60E-03 ±3.9E-04 
1.04E-03 ±3.1E-04 
1.01E-03 ±3.1E-04 
8.93E-04 ±2.9E-ü4 
4.49E-04 ±2.iE-04 
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~ MMrrY~bCOB, ÓO~billRX rrO~OBRHH HaqanbHOrO RMnY~bCa neHTpOHa, 
MSMepeHHH OXBaTHBaIDT rrO~TR BCID KRHeMaTR~eCKR nOCTyrrHYID ~ RCrrYCKa
Hl1.,H rrpOTOHOn B peaxnaax A( d , P )X OÓJIaC,Tb (M.,H ,Ha;ep nonopona, n;eHTe
pR,H R yr~epoAa SHaqeHM,H KMHeMaT11.~eCKOH rpa~ COCTaB~T 7,30 , 7,70 
11. 8,11 raB/c cooTBeTcTBeHHo). Ha rrpOT,H~eHRH Rcc~ep:OBaHHoro MMrrY~bc

noro HHTepBana BHXOIJ;H BTOpR~HHX npOTOHOB nap:aIDT óo~ee ~eM Ha ~eT~pe 

rrOpRlJ;Ka no OTHomeHHID K RX BRXOa;aM B MaKCHMYMax crreKTpOB. rrOCKO~bKY 

rrOrrepeQHHe RMrrY~bCH saperRCTpRpOBaHHHX rrpOTOHOB AOCTaTO~HO Be~KH 

(OKO~O 0,6 raB/c ~ MaKcRMYMOB crreKTpoB), MOaHO rro~araTb, ~TO STO 
He crreKTaTopH OT CTpRrrllHHr8 ~ gHwpaK~oHHo:3 IJ;RCCO~aUHR p:eRTpOHOB, 
a B OCHOBHOM rrpOTOHH, RCnHTaBlliMe BSaHMOne:3cTBRe c HYK~OHaMH MHmeHR. 
MaKCRMYMH npOTOHHHX cneKTpOB HaXOARTC,H npH 4,3 rsB/c; ~aK pas TaKoH 
RMnY~bC nO~~eH MMeTb rrpOTOH c Ha~anbHHM MMrrY~bcoM 4,5 raB/c rroc~e yrr
Pyroro pacce.HHR,H Ha HYK~oHe Ha yro~ 0,139 pa~. Y~acTKR cneKTpoB ~eBee 

MaKCRMYMOB oóorameHH rrpOTOHablli, rrOTep.HBlliKMR sHeprHID B HeyrrpyrHX BsaH
Mo~eHCTBR.HX c HYK~OHablli MRmeHR. 

C~OlliHHe KpRBHe Ha pRC. 2 rrpe~cTaB~T COÓOH pesYJIbTaT crr~aHH

RHTeprro~ 3Ha~eHRM HHBapRaHTHoro ga~epeHqH~bHOrO CeqeHR,H ~ 

yr~epoaHo~ MRmeHH, YMHo~eHHHR Ha K08~R~eHTH 0,371 H 0,243. KaK BRP:
no MS pRCYHKa, STH KpRBHe B KHTepBane RMnYJIbCOB OT 4,6 no 7,2 rsB/c 
xopomo cor~acYIDTC,H c naHHHMH ~ neHTepHeBOH H BOnoponnoH MHmeHeH. 
TaKMM oópaSOM, B YKasaHHOM RHTepBane HMnYJIbCOB MMeeT M8CTO JHMBep
ca~bHOCTb BHCOKOHMrry~bCHHX ~aCTeH crreKTpOB rrpOTOHOB, T.e. COBrra~eHHe 

RX WOPMH ~ pasHHX MHmeHen. TIpR aTOM RHBapVIaHTHoe nH~epeHuaa~bHoe 

cexeaae OópaSOBaIDiR: rrpOTOHOB B peaKIUlli A( cL , P )X Mo~eT ÓHTb npencran
~eHO B nane P.BYX COMHOJlU1Te~e~, Ed.G'/clp = OA Ôli(p), OlUIH RS KOTO
pRX, ÕA , aaBHCRT TO~bKO OT ,Hp,pa-MRmeIDI VI ae SaBHCRT OT HMnY~bca pe
rVIcTpHpyeMRX nporoaon, a BTOPO:3, rei Cp ), saBRCHT TOJil>KO OT wparMeH
TJdpY1Omero ,Hp,pa - a;eHTpoHa. Koa~~eHTH nA , nporropnaoaaasase I , 
0,371 VI 0,243 An.H Ra;ep 12C, 2H 11. IH, COOTBeTCTBYIDT nOKasaTe~ CTeneHH 
A-saBRcMMocTH KHBapRaHTHoro ga~epeHUHanbHoro ce~eHR.H, paBHOMY 
0,55 :t 0,02. 

Ms pHC. 2 TaK~e BRaRO, qTO B oKpecTHocTH MaKCHMYMOB rrpoToHHHX 
crreKTpoB, B oó~acTH illEpRHOH rrpRMepHo 0,6 rsB/c, CBO~CTBO YHHBepCaHb
HOCTh Hc~eaaeT. ~oPMa crreKTpa s~eCb CTaHOBRTC,H SaBHC,HmeH OT ,Hp,pa-MH

4. OECYJK.IJ,Effi1E PE3YJIbTATOB' 

8Kcrrep'HMeHTa~bHble a;aHHHe o peaxuaa I H(d. , P)X aHaJll13HpOBaJlliCh B 
paóoTe /197 B paMKaX pe~THBHcTCKOH MOne~ KeCTKKX coyp:apeHHH /7-9/, 
B I\O'l'OPOH BRXOp: nporcaon oÓ'h,HCH.HeTC,H npoueccaaa CTO~HOBeHHn "KOHCTlJI
TyeHToB" (HYK~OHOB) HaneTaIDlUIDC p:eHTpoHoB c npcroaaaa MHmeIDi. l1MrrYJIhC(i Hoe pacrrpeAeJIeHMe HYK~OHOB B pe~THBHcTCKOM a;eR~oHe B aToR MOa;e~ 

sanaerca c rrOMOmnID CTPYKTYPHOH WYHKmrn G / J)( ~ , ['1), KOTopaR xapaxret4J	 pHsyeT BepO,HTHOCTb OÓHap~Tb B AeHTpOHe HYK~OH c rrOrrepeqHHM RMrrY~h
COM ê-r R Ao~eH 't rrpo noasaoro RMIlY~bca p:eifTpOHa B CRCTeMe ero óeCKO
He~Horo HMIlY~bca. aTa ~YHK~, B OT~~He OT 'OÓH~HOR BO~HOB~R WYHK~ 

neHTpOHa, HB~eTC,H WYHK~eH ~yx HeSaBHCHMUX nepeMeHHRX. HHBapHaHTHoe 
~<IxPepeHI.Uia~bHOe ceseaae peaRUHR I H(d, , p ) rrpeACTaBJl.HeTCR' B BHAe /9/ 

et6' J -+ . \ -'lo- cLbR	 .
E --.:; = d-~cLeTGNI.D(~,e']')- E --:;(Np-pX) , (I) 
~p ~ ~p 

rp:e Ed.G(Np~pX )/d.p - aaaapaaarace ceseaae nponecca BSaMMoa;eilcT
BM,H HYKJIOHOB a;eRTpoHa c rrpOTOHa~ MHilleHH, a R - OTHomeHHe HHBapH
aHTHHX rrOTOKOB ~ N- P 11 d.-p paCCe.HHHH. OTMeTMM, ~TO OTHOmeHl1e 
R /Ij" ÓJlHSKO K e roUiliue nOqTH BO sceã ooaacrn R3IvJeHeIDUI KHHeMaTR~eCKl1X 

nepeMeHHHX. 
BHnOJlHeHHHM aHa~s, peSY~TaTH ROToporo rroa;pOóHO OllHcaHH B pa

ÓOTe /19/, noxaaaa, ~TO 3RCnepRM'eHTaJIhHHe a;aHHhIe o peaxnaa I H(d, , P)X 
ae OIIHCHEaIOTCR c nOMOmnID CTPYKTypHRX WYHKI.LHH, nuaeneaasx HS aepezara
BHCTCKRX BOJlHOBHX WYHKURH a;eHTpoHa (TaRHx, KaK WYHR~,H ~ rrOTeHURa~a 

PeRAa ~ ~YHK~ ~-Ilapl1~CKOrO nOTeHURanà). OTMeTKM TaR~e, qTO CaM... 
nepexo n OT IdMIlY~bca EliYTpeHHero j:tBHlKeHIlI,H HYK~OHOB k R nepeMeHHNM
(~ ,eT ) aeonnoaaavea, 

Xopomee eor~aCHe C SKCnepHMeHTOM y.naeTC,H nOJIyqHTb, HcrrO~bSY,H 

CTPYRTYPHy.ro WYHKUKIO AeHTpOHa B BHAe /97 

- No [~({-~)]~ 
(2)

GN/j)(~Jt'l') =1(1Jr}3 [M2.(~)+f;r'r1+ TTl,/(S2,+Ma,(~»J~-! , 

rAe 

t
\ 

1. ( ), 1. . '" M (~) = 1-~)mp + dm.." - ~(~-~)mcA, , 

!\ m..p , mn.. H m.el, - MaCChl nporoaa, HeHTpOHa R AeHTpOHa COOTBeTCTBeHHO. 
YAOBJIeTBOpRTeJIbHOe OITHCaHHe AB-HHIU nOCTl1raeTCH npz 3Ha~eHH.HX napa

meHH, H ~ MaKCHMYMOB rrpOTOHHHX cneKTpOB rrOKasaTe~b CTeneHM A-saBH MeTpOB.	 ~ = 3, ô"':: 0,6 (rsB/c)2 H No:: 336,1 (raB/c)2. Ilapaaerp No 
CRMOCTH	 COCTaB~eT 0,44 :t 0,02. 
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onpenexaerca YCJIOBlleM aopaapoaxa 

(3)f GN/ D ( ~ , l1') r0 rlT.r ::: 1. • 

PaHee /9/ WYHKUHR (2) co SHaqeHlleM ó~ = 0,2 (rsB/c)2 oHJIa HCnOJIb30

BaHa AnR OllMCaHMR llHKJIIDSllBHOro crreKTpa rrpoToHoB, HcrrymeHHHX rrog yrJIOM • I
 

2,50 B peaxnaa 12C( cL, ~)x npa HaqaJIbHoíií: KMHeTwlecKoH aaepraa AeRTpo

HOB 2,1 rôB/HYKJIOH /57.
 'I 

llpegCTaBJIHeTCR llHTepeCHHM corrOCTaBllTb RMrrYJIbCHOe pacrrpeAeJIeHMe , 
HYKJIOHOB B AeHTpoHe, BUTeKaIDmee ll3 CTPYKTypHOH WYHK~ (2), c npyrll
Mll llSBeCTHHMll llMrrYJIbCHHMll pacrrpeAeJIeHMHMll, rrpe~Ae Bcero c rrOJIyqeHHHM 
HS orrUTOB c' SJIeKTpOHaMa. 

BOCrrOJIbSOBaBllillch YCJIOBllRMM HOpMllpOBKll WYHK~ll (2) H HepeJIRTli
BHCTCKOR BOJIHOBOR WYHKUHll lf ( k ), MO~HO rrOJIYlll1Tb CJIe1JYlDmee COOTHOUIe
HMe Me~AY CTPYKTYPHOR WYHKUHeR II KBan:paTOM BOJIHOBOR WYIlliLUll1:: 

Jl: 

r ~lK)I~::: ~ JG-N/D(~(k}, tT ) J(~(k}, i T ) ~ned8, (4) 
o 

rue 
I tT I = IkTI::: k ~Y\. e , k3 ~ k ~ e , 

.	 ~ ~ 

a :1 = I o~ / ()k 3 1 - sxocaaa nepexo aa OT nepeaeaaax (';t ,tr ) K I< , JI,JI.F[ 

B~qnCJIeHMR KOToporo MO~HO BOCrrOJIbSOBaTbCR JIIDOOR llS SaBllCllMOCTeH 
'J (k ), npaseaeaasx B /19/. PesYJIbTaT BhrtlllCJIeHIDi [I:f (k )12 llJIR W!HK
~ (2), BocrrpOllSBOil.HmeR Haillll gaHHHe, rrOKasaH Ha pllC. 3 KpllBOH ~~ 

T8M ~e KpY~aMll rrpegcTaBJIeHH SHaqeHMR KBaAPaTa BOJIHOBOíií: WYHKI.U1:H, HS
.BJIeqeHHUe llS n:aHHHX rro HHK~SllBHHM crreKT8jM ôJIeKTpOHoB, llsMepeHHHM B 
peaxuaa	 aaexrpo nesaarerpauaa AeHTpoHa /2 • KpllBUM1i 2 II 3 noxaaaaa 
xaanpara BOJIHOBHX Wy'HKUH11: nearpoua w1.H rrOTeHI..J;HjJIa N - N BsaRMogeHcT
BllR Peíií:ua /21/ H ~R rrapll~CKoro rrOTeHUllaJIa /22 COOTBeTCTBeHHO. 

Ms pllC. 3 BllIJ;HO, qTO llMrrYJIbCHOe pacrrpegeJIeHM8 HYKJIOHOB B n8HTpo
He, B~HCJIeHHOe llS CTPYKTypHOH WYHKUHH (2), B ~eJIpM corJIacyeTcR c 
~acrrpegeJIeH,eM, rrOJIyqeHHUM llS gaHH1:l.lC 00 llHKJIJOS11BHOH peaKJ..{Mll 

H( e, e')X 207 . B TO ~e' BpeMR oca ôTll pacnpe neaeaaa OTJll1qalOTCR or 
\pacrrpeneJIeHMR , OTBeqaJOmHX llSBeCTHHM HepeJIRTHBllCTCKllM BOJIHOBUM WYHK
I 

~ neíií:TpOHa. PaarrHqlle ôTO, rrpORBJIRIDmeeCR BO BceM llMrrYJIbCHOM HHTep .; 
~BaJIe, HanOOJIee SaMeTHO B OOJIaCrn HMrrYJIbCOB OT 0,15 go 0,6 rôB/c, rge 

l
pesYJIbTaTH axcnepaaearos rro (e, e )-n (d., P )-péaKUllHM S8MeTHO rrpe
B~UIalOT npeAcKaaaHllR rrOTe~aJIbHUX MogeJIeíií:. 

~COrJIaCHO paooTe /23/ pacxo~geHRe Me~gy RMrrYJIbCHUM pacrrpeAeJIeHH
eM HYKJIOHOB B JeRTPOHe, rrOJIyqeHHUM HS naHHHX 00 HHKJIIDS11BHOíií: peaKJ..{Mn 
2H( e ,el)X /20 , II paCrrpeAeJIeHli.HMM, BhrtlHCJIeHHUMn nJIR rrOTeHI..J;HaJIa PeMua' 
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I11C. 3.	 3HaqeHR.H KBaApaTa, BOJIHOBOH WY.~K~ ge~TpOHa, rrOJIyqeHHHe llS 
gaHHHX o peaKiJ;IDI 2H( e ;e/)X 720 (KPY~H), 113 gaHHHX HaCTOR
IUeH pa09Tft O peaxnaa l H( d. , P)X (xpnaaa I), HS rrOTe~aJIa 
Peíií:Aa /21/ (KPRBaR 2) II HS rrapll~c~oro rrOTeHqllaJIa /22 (Kpn
BaR 3). 

n ~ rrapH~CKoro rrOT8HUaaJIa, MOEHO YCTpaHMTb, eCJIH yqecTbB3aHMO~elicT
BHa B KOHeqHOM COCTORHMn N-.N cnCT8MU n BK,ag oOMeHHHX MeSOHIlliX TO
KOB B npo~ecc SJIeKTpogeaHHTerpa~ Aeíií:~poHa 24/. 

PaCxO~AeHMe MeEgy HMrrYJIbCHHM pacrrpeAeJIeHMeM, OTBeqalOmaM HalIIHM 
A8HHHM o peaKUIDI l H( d., P)X,. H rrpeACKaSaHM.HMH l1SBeCTHHX rrOTeH~aJIbHHX 
MogeJIei MOEeT OHTb OOYCJIOBJIeHO BKJIaAOM MexaHM3MOB, He~TeHHHX B ~a
rpaMMe MOAeJIM ~eCTKnx cOYAapeHHH (pRC. I B paooTe /19 ). OgHHM R3 Ta
KRX Me~~sMoB MOEeT OUTb, HarrpRMep, MexaHl1SM c OOMeHOM BRpTyaJIbHHM 
llHOHOM 12,13/. 3aMeTHM, OilHaKO, qTO ceíií:qac TpYgHO YCMOTpeTb aHaJIOrHID 
Me~gy BKJIaAOM aroro MeXaHM3Ma B peasuao (cL, P ) H nonpaaxaaa aa SW
weKTU OOMeHHHX Me30HHHX TOKOB R B3aKMOAeHCTBRR B KOHeqHOM COCTORHMH 
npz onzcaaaa peaKI.J;m1 (e, e I). CJIe AYeT TaKEe RMeTb B BRgy, qTO, noxa 
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rrapaMeTpH CTPYKTYPHO~ WYRK~H (2) He Sa~ItKC~pOBaHH Ha OCHOBaHKH APY
rI1X HeSaBHCH.MliX naHHux, HX aapsaponaaae p,JIR YJIyqrneHH.H OIlliCaHHJi cnexr
pa nporoaos OT peaxuaa I H( d, , P )X M01KeT OKaaaTbCR aKBHBa.neHTllliM l}?e
HOMeHOJIOrH~eCKOMY yqeTY BKJIanOB MexaHusMoB, He OXBa~eHHHX nMarpaMMOH 
MMrrYJIbCHOrO rrpHOJIH~eHHR. 

AHaJIOrH~HOe paccMoTpeHHe jMrrYJIbCHHX pacrrpe~eJIeHMM B neRTpoHe npo
BOnHJIOCll paHee B paooTax 15,25 • T~~ aTO pacrrpeneJIeHHe HaBJIeKaJIOCll H3 
AaHHHX o cneRTpax rrpOTOHOB, BHJIeTaromRX B rrpo~ecce ~parMeHTa~ neMT
pOHaB ~a Rnpax yr~epoAa rron 00 , B rrpeAllOJIO~eHHH o rrporrOp~OHaJIllHOCTH 
AH~epeH~aJIllHOrO ce~eHHR KBanpaTY BOJIHOBOH ~YHK~ neHTpoHa. IIp,H 
aTOM, OnaaRO, O~ rrOJIyqeHH rrpOTHBope~M~He peaYJIllTaT~. B paooTe 151 
OTMe~eHO COrJIaCHe aRCrrepHMeHTaJIbHUX naHHHX, llOJIyqeHHliX rrpH 2,1 raB/HY
KJIOH, c paC~eTaMH, B KOTOPWC" HCrrOJIllSOBaJIaCll BOJIHOBaR ~YHKqa.H PeHna, 
BIIJIOTll ~o HMrrYJIbCOB BHYTpeHHero lJlnU!eHHH 350 MaBIc. ,Il;llii OOJIblillLX ill'vf

nYJIbCOB p'esYJIllTaTH pac~eToB rrpeBHlliaIDT aKCrrepHMeHTaJIhHHe naHHHe. B pa
OOTe 1251 HMrrYJI:bCHOe pacrrpeneJIeHHe neHTpOHa, /o~eHHoe MS ~aHHHX o 
<I!parMeHTa~H neHTpOHOB c HMrrYJIbCOM 8,9 faB/c 6, cpaaaaaaaocs c pac
rrpeneJIeHHeM ~ rrapH~CKoro rrOTeRgRaJIa. 3neCb pacxOXneHHe Mex~ aKcrre
pRMeHToM H MOneJIllHW~ B~CJIeHRHMH npORBJIReTCR B HHTepBaJIe HMrrYJIllCOB 
0,2 - 0,6 faB/c, rne 3KCrre~HMe'TaJIllHHe 3Ha~eHHR JIemaT BRme pac~eTHOn 

KpRBOn. ~eJIaJIHCll rrorrHTKH I ,25 OO~R~HHTb YKasaHHoe pacxO~neHHe rrpH
MeCllID mecTHKBapKoBoro COCTO.HHHR B Bam10Bon ~YHK~ neHTpoHa. 

CJIeayeT, OAliaKO , aaMeTHTll, qTO HHKJIID3HBHHH crreKTp npoToHoB OT 
CTpRTIllKHra li AH~aK~OHHOR nncco~a~ geHTpoHoB H8 Rgpax, KaK aTO 
yae OTMe~aJIOCb ,11, He CBR3aH ~OCTaTOqHO rrpOCTHM 00pa30M c KBan
paTOM BOJIHOBO! <I!YHKUHR neHTpoHa. B OOJIaCTH OOJIblliHX RMrrYJIllCOB rrpOTO
HOB 3TOT crreKTp B 3Ha~HTeJIbHOH CTerreHH orrpeAe~eTcR CTPYKTYPO~ rro
BepXHOCTHoro CJIOR Rnpa-MHmeHH, a He AeTaJIHMH BOJIHOBOM ~YHK~ ne:tiT
pOHa Ha MaPdlK paCCTO.HHKRX. 

HeAaBHO CTaJIH RSBeCTHH peSYJIbTaTH H3MepeRR! crreKTpa rrpOTOHOB, 
BaneTaIDmnx liOn HYJIeBHM y,rJIOM rrpn wparMeHTa~ Ae~TpOHOB c HMrrYJI:bCOM 
9 faB/c Ha BOnOpOne 1267. rrpo~eAYpa n3BJIe~eHH.H KBagpaT8 BOJIHOBOR 
~ymn~.M: ne:R.TpoH8 as aTHX naaasx CBoooUH8 OT YCJIOllHeHH!~ cBRsa~ c 
B~HReM rrOBepXHOCTHoro CJIOR RAPa-MHWeHM.· ITDJIyqeHHoe B paooTe 261 
RMnYJI:bCHOe pacrrpeneJIeHne HYKJIOHOB B ne:R.TpoHe HaxO~TCR B xopomeM 
corJIaCID1 c pacrrpeAeJIeHHeM, H3BJIe~eHHhIM as j:(8HHWC 00 HHKJIID3HBHo:ti pe
aKUID1 2H( e ,e')x /20/. 

TaKRM-OOpasoM, HaOJlIDnaeTCR COrJI8Cne MenAY ~1nY~bCHHMH pacnpene
JIelm.íiMJiI HYKJIOHOB B ne:n.TpoHe, rrOJIyqeHHWtl1'I na AaHHHX o peaxnaax (e,e' ) 
li (d. ,'p ), npKtleM peaRUIDI IH; d.. , P)X HCCJIelJ,OBaJIaCb B pasaax IumeMa
Tn~eCKRX 06JIaCT.HX: B paooTe 267 - rrpM HYJIeBHX, a B AaHHoM- paOOTe 

rrpH ÓOJIllWHX rrorrepe~H~ HMrrY~llcax rrpOT0HOB. CJIy~aMHoe COBrralJ,eHHe, ~1
rrYJIllCHHX pacrrpelJ,eJIeHHH, HSBJIe~eHHUX Ha gaHHux Tpex paaJIHqHUX aKcrrepH
MeHTOB, rrpegcTaBJIReTCH HaM MaJIOBepORTHliM. Ero, rrO-BHWKMOMY, MOmBO 
paCCMaTpHBaTb KaK YKaSaHHe lia TO, ~TO 06U~HO Mcrro~llsyeMue rrOTeHI~aJIll

HHe MOneJIM He AaIDT rrpaBRJIllHOrO iMrrYJIbCHOrO pqcrrpegeJIeHHR H~{JIOHOB B 
neHTpOHe rrpH ÓO~blIIf~ HMrrY~bcax BHYTpeHHero ABH~eHMRo 

5• 3AKJIlOT.IEill1E 

B paOOTe orrncaHU peSYJIllTaTH HSMepeHHR HMrrYJIbCHHX crreKTpOB rrpOTO
HOB, BhIJIeTaIOIIU1X non yrJIOM 0,139 pau B peaKW1RX A(d , p)X na anpax 
BonopOna,AefiTepHH H yr~epoAa rrpR Ha~8JIllHOM }ThrnY~llce AeMTpoHoB 9 faB/c. 
CneRTpti npocne~eHH rrp~T~eCRH AO KYilieMaTH~eCEofi rpaH~H HC-
rrYCKaHH.H rrpoToHOB. OOHap~eHa YHMBepCaJIbHOCTll BHCOKOHMrrYJIbCliOM ~aCTH 

rrpoToHHoro crreRTpa~ T.e. ero HeaaBHCHMOCTb OT RApa-MHWeHH. OTCIOna 
CJIenyeT, ~TO HSMepeHHe BUCOKOHMrrYJIllCHUX ~acTefi crreKTpoB rrpOToHoB, 11C
rrycKaeMHX c OO~DllillMR rrorrepe~HHMH HMrrYJIbCaMH BO B3aHMogeficTBH.HX pe~
THBHCTCKHX lJ,efiTpOHOB c R~paMH, RBJIR8TCR a~eKTHBHUM CpenCTBOM H3yqe
HH.H CTPYKTypH peJIRTHBHCTCKoro nefiTpOHa. 

CrreRT~ rrpOTOHOB OT peaxnaa I H( d. , P )X MOlK.HO YnOBJIeTBOp'MTeJIllHO 
OllHcaTll II I B peJIRTHBHCTCKOH MOneJIH ~eCTRHX CTOJIKHOBeHHfi 17- 9/ , HC
rrOJIDSYR CTPYKTypHYlO q;YHKWU9 neftTpoHa 191, JlilJlmoWYlOCR q;YHKIJ;l1eit TJ:BYx 
HeSaBHCHMUX rrepeMeHHux; orrpegeJIeHU rrapaMeTpU aToM ~YHKuaH. IIoJI~eHHoe 

H3 aTOR CTPYKTypHOM WYHKUMH ~~rrYJIllCHOe pacrrpegeJIeHH8 HYKJIOHOB B neitT
pOHe XopOWO corJIacyeTcR c pacrr~egeJIeH1f.HMH,(HaBJIe~eHHUMH HS aKcrreP,H-
MeHTaJIbHHX aaaaax O peaxnaax H( e , e ')x 7201 H I H(d., P(00))X 126I , 
HO OTJIH~aeTCR OT pacrrpelJ,eJIeHRM, rrpenCRaSHBaeMUX peRnOBCKHM H rrapH~C
RUM nOTe~aJIaMM HYKJIOH-HYKJIOHHOrO BSaHMogeMcTBHRo ECJIH aTO pacxo~ge
HRe QKa~eTCR He CBRSaHHHM c BK~anIDWA lJ,PyrHx MexaHH3MoB, TO peSYJIllTaTH 
YKa3aHHID: 3KCrrepHMeHTOB neHCTBHTeJIllHO naIOT MMrrYJIbCHOe pacrrpegeJIeHHe 
Hy~JIOHOB B nefiTpOHe. 

ABTOpH C~HTaIOT CBOHM rrpHRTHuM nOJIrOM Bupa3HTll OJIarogapHocTll rrpo
~eccopy M.r.MemepRKOBY sa rrOnnepXKY aToM paÓOTH H ~eHHHe oOCY~lJ,eHHR. 
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A)I{rHpeH JI.C. H np. Pl-86-728 
HccnenOaaHHe peaKLJ:Hl1: A(d,p)X npa 9 r3B/c 
B oôrracru õorrsurax nonepellHblx HMnynbcoB nporonon 

Ha CHHXpocPa30TpoHe 0l1JU1 c nOMoIUbIO MarHHTHoro cnexrpor-rerpa 
c npOBOnOtlHbIMH KaMepaMH H3MepeHbI HMnynbcHble cnexrpst npOTOHoB 
B peaKLJ:HHX A( d,p)X aa anpax aonopona, ,neHTepl1H H yrrrepona npa 
HatlanbHOM HMllynbce ,neHTpoHOB 9 r3B/c .. H3MepeHHH ÍlpOBeAeHbI non 
yrrrera asmera nporoaon 0,139 pan H OXBaTblBa1üT 06naCTb HX HMnynb
COB OT 3,3 no 7,3 r3B/c. 06Hapy)Í(eHa yaaaepcansaocrs .BbICOKOHMnynbc
HbIX qaCTeH cnexrpon npOTOHOB, TO ecrs He3aBHCHMOCTb HX cPOpMbI OT 
H,npa-M~UleHH. AHanH3 cnexrpa npOTOHOB B peaKLJ:HH I H (d, p) X noxasan, 
qTO OH y,nOBneTBopHTenblio BOCnpOH3Bo,nmCH MO,nenbIO )KeCTKHX CTOnKHO
BeHHH. 06CY)K,UaeTCH norryueanoe na OCHOBe sroro llHaJIH3a HMnynbcHoe 
pacnpeneneuae HYKJIOHOB B neárpoue. 

Pa60Ta m.morraeaa B JIa6opaTopHH BbltlHCnHTenbHoH TeXHHKH H 

aBTOMaTH3au:HH OHHH. 

Ilpenpaxr Ü6'beJJ.HHeHHoro HHCTHTYTa anepasrx HccneJJ.OBaHHH. lly6Ha 1986 

TIepeBonO.C.BHHorpanOBoH 

Azhgirey L.S. et àl. P1-86-728 
Investigation of A(d, p)X Reactions at 9 Ge V [c 
in the Region of Large Transversal Momenta of Pro tons 

, Momentum spectra of protons in the A(d,p)X reactions on the hyd
rogen deuterium and carbon nuc1ei at 9 Ge V [c deuteron momentum have 
been measured at the JIN~ synchrophasotron. by using a magnetic spectro
meter with wire chambers. The measurements have been made at an angle 
of 0.139 rad and have covered the próton momentum interval from 3.3 
to 1.3 Ge V/c. It has been found that the high momentum parts of the 
proton spectra are universal, i.e. their shape does not depend on the tar
get nuc1eus. The momentum spectrum of protons in the lH(d, p)X reacti 
on is reasonably reproduced in the framework of analysis based on the 
relativistic hardscattering model. The momentum distribution of nucleons 
in a deuteron obtained on the basis of this analysis is discussed. 

The investigation has been performed at the Laboratory of Computing 

Techniques and Automation, JINR. 
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