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1. BeeoeHue 

O~uoii H3 HHTepecHhiX 3a~aq B .11~epuoii cilH3HI<e BbiCOI<HX 

JHepruii H pen.IITHBHCTCI<OB Jl~epHOB cilH3HI<e nocne~HHX neT 

CTano H3y'leHHe Tai<HX B3aHMO~eBCTBHH 6biCTpbiX a~pOHOB 
C aTOMHbiMH .ll~paMH, B I<OTOpbiX HCnyci<alOTCJI \faCTHU.bl, 

HMelOliJ.He 3Ha\feHHJI yrnoB JMHCCHH H HMIIYflbCOB, He~ony· 

CTHMble C TO'II<H 3peHHJI I<HHeMaTHI<H coy~apeHHH CO CBO· 

6o~HbiMH HYI<flOHaMH /Tal< Ha3biBaeMaJI I<YMYflJITHBHaJI JMHC

cu.11 qacTHU./. B pe3ynbTaTe BblnonueHHbiX JI<cnepuMeHTanb

HbiX HCCne~OBaHHB, HOCJIID.BX npeHMYID.eCTBeHHO cilparMeH· 

TapHbiH xapai<Tep /uanpaMep, /I I I, 6blnH ycTauooneHbl 

OCHOBHble OC06eHHOCTH JTOrO npou.ecca 11-:11: 
1. 3HepreTH\feCI<HB CDei<Tp JMHTTHpyeMbiX a~pOHOB 

y~OBneTBOpHTenbHO ODHCbiBaeTCJI JI<CDOHeHU.HanbHOH cilYHI<-

3 
u.aeii Et ~=a· exp(-Ek/£) ,E , E k' p - nonHaH 3HeprHH, 

dp 3 0 l 

I<HHeTH'IeCI<a.ll 3HeprHJI H HMDYflbC B na6opaTOpHOH CHCTeMe 

oTc'leTa /na6./ acnyci<aeMoii qacTHU.bi~ ( 0 , a - napaMeTpbl. 

2. llapaMeTp Hai<noHa ( 0 npoHBnHeT Hei<oTopyro 3a

BHCHMOCTb OT yrna JMHCCHH H COpTa na,ll.alOliJ.HX \faCTHU., 

Ha'IHHa.ll C - 1 F3B, a Tai<)I(e OT H~pa MHIIIeHH B cny'lae 

3MHCCHH npOTOHOB. )J;nH DHOHOB f O HeCI<Oflbi<O na~aeT C 

pocToM aTOMHoro HOMepa A. llapaMeTp £0 6onbiiie ~nH 
qacTHU. c 6onbiiieii Mace on. Hai<oHeu., ( 0 He 3aoucuT OT 

MHO)I(eCTBeHHOCTH BTOPH'IHbiX 3apH)I(eHHbiX qacTHU. I 41. 
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3. fiapaMeTp a He JaBHCHT OT 3HeprHH H COpTa nep

BHqHLJX qacTHI.{ ~IIJI HCIIYCKaeMLIX IIpOTOHOB, HO CHIILHO 

3aBHCHT OT COpTa BLIIIeTaro~X qaCTHI.{ H IIpOIIOpi.{HOHaiieH 

-A ~IIJI IIHOHOB H IIpOTOHOB. 

fiepequcrreHHLie OC06eHHOCTH HeiiL3JI 06~JICHHTL BIIHJI

HHeM 34Mi>eKTOB, o6yCIIOBIIeHHLIX c}JepMHeBCKHM ~BH>KeHHeM 
BHyTpHJI~epHLIX HYKIIOHOB, KOTOfLie He o6rra~aroT CBOHCTBOM 

MacwTa6Hoii HHBapaaHTHocTa
15 . YqeT MHoroKpaTHoro pac

ceJIHHJI BHYTPH JI~pa TaK>Ke He B COCTOJIHHH Y~OBIIeTBOpH

TeiiLHO 06'LJICHHTL Ha6rrro~aeMoe JIBIIeHHe, TaK KaK, DO

BH~HMOMY, OTCYTCTByeT KOppeiiJII.{HJI Me~y xapaKTepHCTH

KaMa T .H. KYMYIIJITHBHLIX qacTHU a caoiicTBaMa po>K~aeMLix 

BO B3aHMO~eHCTBHH TT - Me30HOB / 6 /. He OIIHCLIBaeT JIBIIeHHJI 

KYMYIIJITHBHoii 3MHCCHH qacTHU TaK>Ke KacKa~Ho-acnapa
TeiiLHaJI MO~eiiL. 

ELIIIO BLI~BHHYTO npe~IIOIIO>KeHHe 0 TOM, qTo 3MHCCHJI 

CBepx6apLepHLIX qacTHI.{ o6yCIIOBIIeHa IIOKaiiLHLIMH CBOHCT

BaMH JI~epHoii MaTepHH 12 ,71. B npe~norro>KeHHH KBapKoao

napTOHHoii CTPYKTYPLI aTOMHOrO JI~pa H IIpH HCIIOIIL30BaHHH 

aHarroraa c rrpoueccoM o6paJoBaHHJI a~poHoB npa 6orrLwax 

nepe~aqax HMIIYIILCOB 6LIIIO norryqeHO KaqeCTBeHHOe CO

rrracae C HeKOTOpLIMH 3KCIIepHMeHTaiiLHO YCTaHOBIIeHHLIMH 

JaKoHoMepHOCTRMH npouecca KYMYIIHTHBHoii 3Maccaa a~

poHoB ;a;. HMeeTcJI TaK>Ke Ha~e>K~a Ha o6'L.JICHeHae JIBIIeHHJI 

.JI~epHoro CKeHIIHHra CBepx6~LepHLIX IIpOTOHOB B paMKaX 

npe~paBHOBecHoro no~xo~a I •91. ,L(rrJI peweHHJI aonpoca 

0 MeXaHH3Me KYMYIIJITHBHOrO HCIIYCKaHHJI qaCTHI.{ Heo6xo

~HMO, O~HaKO, 6orree IIO~p06HO HJyqHTL xapaKTepHCTHKH 

a~pOHOB, 3MHTTHpyeMLIX B 06IIaCTH c}JparMeHTai.{HH JI~pa

MHWeHH, a He TOIILKO B KYMYIIJITHBHOH 06IIaCTH. 

B HaCTOJIII.{eii pa6oTe npaae~eHLI OCHOBHLie peJyiiLTaTLI 

HCCIIe~OBaHHJI 3HepreTaqecKHX CIIeKTpOB IIpOTOHOB, o6pa-

30BaHHLIX B "+ Xe -aJaHMo~eiicTBHJIX npa 2,34 T3B/c a 

rr -xe -aJaaMo~eiicTBHJIX rrpa 3,5 T3B/c. HJyqarracL Jaaaca

MOCTL peiiJITHBHCTCKH-HHBapHaHTHOrO 34Mi>eKTHBHOrO ceqe

HHJI 3MHCCHH npoTOHOB c JHepraeii Ek = 30 + 200 M3B 
OT MHO>KeCTBeHHOCTH H yrrra HX 3MHCCHH. Pa6oTa BLIIIOII

HeHa Ha CHHMKaX C 26-rrHTpOBOH H 180-IIHTpOBOH KCeHOHO

BLIX IIY3LipLKOBLIX KaMep. MeTO~HqecKHe BOIIpOCLI, OTHO

CJIII.{HeCJI K ~aHHOH TeMe, H3IIO>KeHLI HaMH paHee /lO,II/ 
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2. 3aeucuMOC111b 3Hepzemu'leCKUX cneKmpoe 
npomoHoe om yzAa 3Muccuu 

3HepreTaqecK~e cneKTPLI npoTOHOB H3 peaKuaii: 

' 

rr+ +Xe-+ kp + ... , 

k= 1 +10, rrpa 2,34 T3B/c a 

rr- + Xe -+ k p + . . . , 

/1/ 

/2/ 

k = 1+14, npa 3,5 T3B/c BLipa>KeHLI B BH~e perrJITHBHCTCKH-

E t d 3a 
HHBapHaHTHOrO 34MI>eKTHBHOrO ceqeHHJI, -----~ 

ain P 
KOTOpoe y~OBIIeTBOpHTeiiLHO MO>KHO OIIHCaTL 3KCIIOHeH

I.{HaiiLHOH JaBHCHMOCTLID 

E t d 
3 
a ,., a • exp (- E k If o> • 

a. dp 3 
In 

/3/ 

ain - norraoe ceqeHHe aeynpyrax npoueccoa. B crryqae 

peaKI.{HH /1/ HHTepBaii 3HaqeHHH KHHeTaqecKHX 3HeprHH, Ha 

KoTopLiii pacnpocTpaH.JieTCJI annpoKCHMaUHJI /3/, paaeH 

Ek= 30+150 M3B. ,[(n.JI peaKUHH /2/ Ek = 30+200 M3B. 
KpoMe 3Toro, aJyqarracL crre~yro~e KaHarrLI peaKuan: 

11 + + Xe -+ p + rr 0 + A ', /4/ 

A'- ocTaToqHoe JI~po , npa 2,34 T3B/c a 

11- + Xe ... p + n y + A ', /5/ 

n = 1 +12, npa 3,5 T3B/c. 
Ha puc. 1 noKaJaHa JaBHCHMOCTL napaMeTpa HaKrroHa 

f 0 c}JyHKI.{HH /3/ OT yrrra 8 p 3MHCCHH IIpOTOHOB B na6., 
HCIIYCKaeMLIX BO BCeX 11-x:e B3aHMO~eHCTBHJIX IIpH 2,34 H 
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fo 
(MeV) 

70~ 
A ;+X + e, 2.346~ ~ 
o x-+xe 3 c 

60~ x :r+C • .5 GEM'c 
• 5.0 6~ ~ t 

5~ H 

0 0 I o I I o f 2£:!1 I 0 0 0 COS8p 

Puc. 1. 3aeucuMocmr. napaMempa HaKAOHa t 0 ~YHKliUU /3/, 
onUCbi6QIOUieU 3HepzellfU'leCKUe cneKIIIpbl npOIIIOH06 U3 peaK· 
liUU rr + -Xe npu 2,34 F3B/c u 11-~Xe npu 3,5 F3B/c, 0111 yzAa 
3MUCCUU 8p np01110~06 6 Aa6. /IpueeOeHbl IIIQKJKe OQH7b~~· 
OIIIHOCJifi#UeCJI K 11-C I · 63QUMOOeUCIII6UJIM npu 5 F3B/c I . 

3,5 F3B/c, He3aBBCBMO OT qucJia k. llpBBe,nefY"I TaM TaK>Ke 

aHanoruqHble .naHHble, oTaocJI~BecJI K rr -c BJa~Mo.neii· 
II2/ 

CTBBJIM npu 5 F3B/c . Bu.nHo, qTo npu cos8P~ 0 He 

Ha6JIID,naeTCJI CTaTBCTBqecKH 3HaqHMOB JaBBCBMOCTH na· 

paMeTpa l O OT COS 8 p B CJiyqae 11 -xe B3aHMO,neBCTBBB, 

B TO apeMJI KaK npu cos 8 P>O to pHJILHO pacTeT c yMeHLllle

HBeM yrna 8 . 3HaqeHBJI l O• OTHOCJllliBeCJI K 1T ± Xe B3aBMO • 

.neiicTBBJIM n~u 2,34 F3B/c,MeHLllle, B cpe,nHeM, npuMepHo 

Ha 10% COOTBeTCTBYID~BX 3HaqeHBB l O ,nJIJI DpOTOHOB H3 

rr--Xe BJauMo,neiicTBHB npu 3,5 F3B/c ao aceM .nuanaJoHe 

yrnoa 3MHCCBH. YqTeHbl npu 3TOM BOJMO>KHble cucTeMa· 

TBqeCKBe 3KCDepBMeHTaJILHble OlliB6KB, KOTOpble He npe· 

BLilllaiDT - 10% I I I I. 
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3. 3a6UCUMOCIIfb 3Hepze111U"'ecKux cneK111poe 
np01110H06 0111 MHOJKeC1116eHHOC111U UX 3MUCCUU 

Ha puc. 2 npuae.neHbl JHaqeHB.Jl napaMeTpa HaKJIOHa 

l O 4!YHKIJ;BH /3/, annpOKCBMBPYID~eB 3HepreTBqecKBe cneKT • 

pbl DpOTOHOB, 3MBTTBpyeMbiX HaJa,n (cos8 p ~ 0) B peaK· 

IJ;BJIX /1/, /2/, /4/ B /5/, B 3aBBCBMOCTB OT qucna npo· 

TOHOB, BCDYCKaeMLIX B 3TBX peaKIJ;B.JIX. AHaJIOrBqHble ,naH· 

Hble ,nJIJI cnyqa.Jl cos8P>O npe,ncTaBneHLI Ha puc. 3. Mo>KHO 

JaMeTBTL, qTo KaK npu cos8 P~ 0, TaK B npu cos8 p> 0 
napaMeTp l O yMeHLlllaeTCJI C pOCTOM qacna k B ,nOCTBra • 

eT, JIO·BB,nBMOMy, aCBMDTOTBqecKoro 3HaqeHBJI y:>Ke DpB 

Co 
(M'*'}f- ... :r•+xe __. Nch 

A __. (NcMo4) 
cos8p "'0 

* -+ p+1f't •A' 

pX :2.34GfMt 

0 ,-+ Xe --+ Nch 
601- T 

0 ..... P+nr+A' 
(n :1+12) 

/Jrrc3.5G#c 

"01- IIII . ~ ' ···Po- N 

, f tf I I !ysh'""" 

"'f • f I . 

00 5 to k 15 

Puc. 2. 3a6UCUMOC111b napdMe111pa l 0 (JyHKliUU /3/ 0111 'lUCAa 
k np01110H06, 3MU111111UpyeMbiX Ha3aO 6 11 + -Xe 63QUMOOeu· 
C1116UJIX npu 2,34 F3B/c u 11- -Xe - e3aUMooeuc1116UJIX npu 
3,5 F3B/c. /Ipu6eOeHr.r 111aKJKe 3Ha"'eHUJI (o OAJI npo1IIOH06, 
UcnyCKaeMbiX 6 pa3AU"'HbiX no "'UCAY 61110pU"'HbiX 3QpJIJKeHHbiX 
"'aC111Ull 11-- Pb 63aUMooeuc1116UJIX npu 3,7 F3B/c 141. 
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Co -J cosS>O 

~d .. 
+' I I 

I 

401- I f I 

+ 
I 

20 

0o 5 10 k 15 

Puc. 3. To ..-e, iiiiiO u Ha puc. 2, HO OAJI cos e p> 0. 

k~3, B TO BpeMJI KaK npH k= 1 )J.OMHHHpyeT BllHJIHHe OT 

npJIMLIX JI,D.epHLIX npou;eccoa. Ha puc. 2 noKa3aHLI .D.Onon

HHTenbHO 3HaqeHHJI napaMeTpa HaKllOHa EO' OTHOCJI~eCJI 

K peaKu;HH 17- + Pb npu 3,7 F3B/c, B KOTopoii H3yqanacb, 

B qacTHOCTH, 3aBHCHMOCTb E 
0 

oT qucna N 
3 

BTopuqHbJX 

3apJI>KeHHLIX qacTuu; /4/. BH.D.HO, qTo BLIBO.D. o He3aBHCHMo

CTH E 0 OT N 3 cnpaae,D.nHB TOllbKO .D.llJI acHMDTOTHqecKoii 

o6nacTH 3HaqeHHii N 3 unu k · Cne,D.yeT, O.D.HaKo, OTMeTHTb, 

qTo uccne,D.OBaHue <llepMHeBcKoro .D.BH>KeHH.SI BHYTPHJI,D.ep

HLIX HYKllOHOB JI,D.pa KCeHOHa, BbiiTOllHeHHOe C HCITOllb30Ba· 

HHeM peaKu;HH KBa3uynpyroro pacceJIHHJI/I 3 /THna /4/, npu

aeno K ou;eHKe ,D.Hcnepcuu pacnpe,D.eneHHJI HMnynLca HyKno

HOB nepu<llepuqecKoii o6nacTH JI,D.pa KCeHoHa /l 4/, npeaLI

waiOIIJ;eii aHanoruqHbJe ,D.aHHLie .D.nJI pa3nuqHbJX JI,D.ep, nony-

8 

qeHHble B ,D.pyrux 3KcnepuMeHTax /!5/. TaKHM o6pa3oM, u a 

KaHanax peaKu;HH Tuna /4/ cyiiJ;eCTBeHHYIO ponb urpaiOT 

npou;eccLI, o6ycnoanuaa10~e 3MHCCHIO caepx6apLepHbiX 

npOTOHOB B 17 -Xe B3aHMO,D.eHCTBHJIX. 

4. BbJeoobJ 

Ha OCHOBaHHH pe3yllbTaTOB HCClle,D.OBaHHJI 3HepreTH· 

qecKHX cneKTpOB DpOTOHOB, HCITYCKaeMbiX B 17 +-Xe B3aHMO • 

,D.eiicTBH.SIX npu 2,34 F3B/c H 17- -Xe B3aHMO.D.eiicTBHJIX npu 

3,5 F3B/c,MO>KHO c,D.enaTb cne,D.yiO~e BbiBO.D.LI: 

1. 3HepreTuqecKHe CDeKTpbl npOTOHOB, BLipa>KeHHLie 

qepe 3 pen.SITHBHCTCKH • HHBapHaHTHOe .D.H<WlepeHIJ;HallbHOe 34l· 

3 
<lleKTHBHoe ceqeHue, E t d ~ , Y.D.OBneTBOPHTenLHo onu-

dp 
CbiBaeT 3KCDOHeHIJ;HallbHaJI <ilYHKIJ;HJI /8/ B HHTepBane 3Ha· 

qeHuii KHHeTuqecKHX 3Hepruii npoTOHOB E1c = 30 +ISO M3B 
B 17+_ Xe B3aHMO.D.eiicTBH.SIX npu 2,34 F3B/c u B HHTepaane 

3Hepruii npoTOHOB Ek= 30 + 200 M3B .D.llJI 17·-Xe B3aHMo

.D.eiicTBHii npu 3,5 F3B/c. B nocne,D.HeM cnyqae nyqwee 

cornacue annpOKCHMHpyiOIIJ;eii <ilYHKIJ;HH C 3KCnepHMeHTanb

HbiMH ,D.aHHLIMH nonyqaeTcJI B HHTepaane Ek = 50+200 M3B, 

3 
B TO apeMJI KaK npu Ek < 50 M3B 3HaqeHHJI E 

1 
_d ~ 

dp 
6onbwe, qeM 3TO cne,D.yeT H3 <llopMynLI /3/. TaKoe noBe,D.e

HHe 34MtleKTHBHOrO ceqeHH.SI npe,D.yCMaTpHBaeT MO,D.ellb KyMy

llJITHBHOH 3MHCCHH, npe,D.nonaraiOIIJ;aJI pacce.JIHHe Ha Kore

peHTHOH <llmoKTyaiJ;HH .SI,D.epHOH Ma TepHH / 3 /. 

2. llapaMeTp HaKllOHa fO <ilYHKIJ;HH /3/ He npOJIBll.SieT 

CTaTHCTHqecKH 3HaqHMOH 3aBHCHMOCTH OT yrna 3MHCCHH 

E)p ITpOTOHOB DpH COS E) p ~ 0 H 6LICTpO pacTeT DpH yMeHbWe • 

HHH 8 p B HHTepaane COS E)p > 0, qTo MO>KeT 6b1Tb CBJI3aHO 

C BllH.SIHHeM np.SIMLIX JI,D.epHbiX npou;eCCOB. 3HaqeHHJI Eo )J.ll.SI 

npoTOHOB H3 peaKu;HH "+- Xe npu 2,34 F3B/c ao aceii o6-

nacTH H3MeHeHHJI cos8 p MeHbWe, qeM B 17--Xe B3aHMO· 

.D.eiicTBHJIX npu 3,5 F3B/c, B cpe,D.HeM He MeHee qeM Ha 
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-IOtfo. B conocTaaneHHH c pe3yJILTaTaMH ,D;pyrux 3Kcnepu

MeHTOB/l/ 3TO MO:>KeT CBH,D;eTeJILCTBOBaTL 0 TOM, qTO JIB· 

JieHHe JI,D;epHoro CKeHJIHHra B CJiyqae cpe,D;HHX H TJI:>KeJihlX 

JI,D;ep ycTaHaBJIHBaeTCJI npH HeCKOJILKO 60JILWHX 3HaqeHHJIX 

3HeprHH B3aHMO,D;eicTBHJI /- 3 F:JB/, qTo He npoTHBopequT 

COOTBeTCTBYIOIUHM TeopeTHqecKHM npe,D;CKa3aHHJIM/3 /. 

3. llapaMeTp £ 0 He 3aBHCHT oT qucna k ucnycKaeMLIX 

npOTOHOB B WHpOKOM HHTepBaJie 3HaqeHHH k, 3a HCKJIIOqe

HHeM MHHHMaJILHhlX, npH KOTOpLIX ,D;OMHHHPYIOT npJIMLie 

JI,IJ;epHhle npou;ecchl. 

B 3aKnroqeHHe cne,D;yeT OTMeTHTL, qTo B03MO:>KHOCTL 

e,D;HHOrO OflHCaHHJI 3HepreTHqeCKHX cneKTpOB npOTOHOB, 

HCnycKaeMhlX B o6JiaCTH 4JparMeHTaiJ;HH JI,D;pa- MHWeHH He-

3aBHCHMO OT yrJIOB HX 3MHCCHH, MO:>KeT yKa3hlBaTL Ha 

cyweCTBOBaHHe O,D;HOrO MeXaHH3Ma o6pa3oBaHHJI TaKHX npo

TOHOB - MeXaHH3Ma pacna,D;HOrO XapaKTepa. B 3TOM OTHO

WeHHH Ka:>KeTCJI 6onee npe,D;noqTHTeJILHhlM no,D;XO,D;, npe,D;

nonararowui npe,D;paBHOBeCHYIO 3MHCCHIO H3 B036y:>K,D;eHHJI 

MHOroqacTHqHhlX COCTOJIHHH B JI,D;pe /B,9 / 
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