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I. Beeneane 

BbiSICHeane MexaanaMa npHMbiX HnepHbiX peaKui:ll: HBnHeTcH onaoll: na 

Ba)!(HbiX aanaq Hnepaoft tPH3HKH. Oco6oe MecTo B aToii npo6neMaTHKe aaan­

MaiDT npoueccbi KBaanynpyroro pacce51HH51 aa Hnpax ( p 1 2p ) 1 ( p 1 dN ) 1 

( p 1 tp ) H T,g, 0AH03H8'1HOCTb KHHeM8THKH npOUilCCOB T8KOrO THfi8 

npHBOAHT K AOCTaTO'IHO npOCTOlt reoMeTpHH fiOCT8HOE,KH OfihiT8, C npyrolt 

CTOp0Hbi1 npH 3HeprH51X nepBH'IHblX npOTOHOB 1 npeBbiEI8lDlUHX HeCKOnbKO COT 

M aB1 H 6on&ruHx nepenaqax HMnyn&ca B npouecce pacceSIHHSI aaneTaiOIUHe 

H BbmeTaiDIUHe qacTHUbi o6nanaiDT aaeprnelt1 nocTaTo '!:Holt nnH Toro 1 'IT06bi 

B nepBOM npH6nH)!(eHHH MO)!(HO 6bin0 npeae6pe'lb HX E38HMOneltCTBHeM C 

HnpoM. nocnenaee o6cTOSITen&cTeo noaeonHeT nccn,~noeaT& MexaHH3M 
) 

B38HMOAeltCTBH51 aaneT8IOIUero npoTOH8 C OTnen&HbiMll HyKnOH8MH HnH HyK-

nOHHbiMH 8CCOUH8UH51MH B SlApe. 

Keaanynpyroe pacceHaue npoToHa ra npoToae Hnpa 

(pe8KUH51 ( p 1 2p ) ) AOCT8TO'IHO XOpOlliO H3y'leHO I• o6naCTH H8'18nbHOlt 
III 

aaepruu no 460 Mae • 3ToT npouecc oKaaancH aq•¢eKTHBHbiM cpencTBOM 

nnH nay'leHHSI o6ono'le'1Holt cTpyKTyphi Hnpa. Bonee cno)!(Hbilt npouecc -

pacceSIHHe npoToaa aa neyxayKnoHHbiX rpynnax ( P d N ) - aaeT na¢op-
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MaUHID o 6onee TOHKIX neTansrx cTpyxTypw srnpa. Onaaxo axcrrepHMBHTanb­

HhiX naHHbiX ITO peaKUIHM THITa ( p , dN ) B HBCTOHlllBB BpBMH HMBBTCH 

/2,3/ 
CpaBHHTBnbHO Mano o PaHBB HBMH H3MBpHnHCb CITBKTphl neATpOHOB, 

o6paayeMbiX rrpn 6oM 5apnnpoaxe srnep rrpoToHaMH c aHeprneA 670 M aB non 

yrnoM 6,5° x aarrpaEneHHID rrepBHqHoro rryqxa B wnpoxoA o6nacTH HMrrynb­

/4,5/ 
coB oT ~ 700 M aa/ c no 1700 M a a/ c • OpenaapHTBnbHhifl a a anna rrony-

qBHHhlX CITBKTpOB netTpOHOB ITOKB3an, qTo ITOMHMO H3BBCTHOI'O rrpOUBCCB 

p + <2N> ->d+N CyiLBCTByBT T8K:>KB HOBbii1 KaHan peaKUHH o6pa30BI1HHH 

neATpOHOB C po:>KnBHIBM 17 - MB30HOB p + <N>-> d + 17 , KOTOpbiA OT-

BeqaeT o6naCTH liMIT) nbCOB BbinBTBIDlUBI'O neil:TpOHa no 1400 M aa/c, 

HacTosrmasr pa6oTa HllnsreTcsr rrponon:>KBHHBM nccnenoaaHHA, a11qaTbiX B 

/4,5/ 
pa6oTax c uen ,ro cncTeMaTnqecxoro nayqeansr MexaHH3Ma o6paaoBa-

HHH neATpOHOB B pBBKUHHX p + <2N>-.d+N H p + <N> -> d + 17 B WH-

pOKOA o6naCTH HMITYI!bCOB neATpOHOB rrpH 8HBpi'HH HanBTBIDlllH'x ITpOTOHOB 

670 Maa, 

B naHaoA pa6o"e crrexTpbi neATpoaoB H3MepeHhi nnsr psrna srnep OT 

0 0 0 
neATepnsr no cBnHua non yrnaMH 9,5 ; 13,5 n 16. nonyqeaawe peaynbTa-

o /5/ 
Tbl COBMBCTHO CO CIT3KTp8MH non yrnOM 6,5 06Cy:>KJl8IDTCH B paMKBX 

nncrrepcnoaaoA Teopl n rrpHMhiX srnepHbiX peaxunA c yqeToM rronrocnofl H 

TpeyronbHOA nnarpaHM, • 

U. Op1uenypa naMepeHnA n o6pa6oTxa peaynbTBTOB 

/4/ 
CxeMa OITbiTB CITHCBHB B pa6oTe , i13MepeHHH ITpOBOnHnHCb C ITO-

MOllibiD MBI'HHTHOI'O ciTBKTpOMBTpa H CITBKTpOMBTpa ITO BpBMBHH rrponeTa, 

Paapewaromasr crroco5HoCTb MarHHTHoro crrexTpoMeTpa ~PIP cocTaBnsrna 

:!:_ 1,8%, a pa3pBWBHJIB CITBKTpOMBTpa ITO BpBMBHH rrponeTa 2r = 0,9 HCBK, 

B ycnoBHHX naaaoro axcrrepHMBHTa aeorrpeneneHHOCTb B yrne awneTa BTopnq­

o 
HbiX qacTHU 6binB pt BHB :!:_ 0,6 , 
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B 3KCI1BpiiMBHTB IICilOJib30Banacb CIICTBMa CBH~ II C 3BM "MIIHCK-

/6/ 
22" , C IlOMOIIlb!O 3BM IIpOH3BOniiJI8Cb rrpenBap1!1'BJibll851 o6pa6oTKa 

peaynbT8TOB 3KCIIBpiiMBHTa II IIX 38IIIICb Ha MarHIITH.f!O JIBHTy, npii oGpa-

60TKB naHHhlX ITO BhlXOnaM neATpOHOB yqiiThlB8JIIICb ronpaBKII Ha npocqBThl 

periiCTpllpyJOIIlBA arrn~paTyphl, HB MHOrOKpaTHOB paCCBHHIIB neATpOHOB B 

MHIIleHII 1 B Boanyxe II B CUIIHTIIJIJIHTOpax cqeTqiiKOB, 

A6conJOTHbie BeniiqiiHbi nii¢cpepeHuiiaJibllbiX ceqe,mA nnH neATpOHOB, 

0 0 
IICilyCKaeMblX non yrnaMII 6,5 II 9,5 1 orrpeneJIHJIIICb Il3 OTHOIIlBHIIH qiicna 

neAtpOHO'B, 3aperiiCTpi1pOB8HHbiX OT nallHOA MIIIIlBHII 1 K qiicny neATpOHOB OT 

+ 17,8/ 
peaKUIIII p p --. d rr • CeqennH 3ToA peaKUIIII 6brmr B3HTbi Il3 pa6oT • 

TaKoA MeTon nopMnpoBKn, onnaKo, naeT rrnoxy10 ToqHoCTb nnH yrna BbiJieTa 

nei:tTpOHOB 13,5° H3-38 CIIIlbHOA yrJIOBOI 38BIICIIMOCTH nntfJd,JepeHUII8JibHOrO 

+ 
ceqeHHH peaKUIIH p p - d rr B6JIII3H rrpenenbnoro yrna BbineTa neATpo!la 

B 3TOA peaKUIIH, a non yrnoM 16° ( aa npenenbHbiM :'rnoM) neATpOilbi B 

peaKUHII p p - d T1 + B006IIIe He o6pa3yJOTCSI, no3TDMY ceqe!liiSI IICnyc-

0 0 
KBHIISI neATpOHOB non yrJIBMII 13,5 II 16 onpeneJISIJI1Cb Il3 OTHOIIle!liiH 

qiiCJia neATpOHOB 1 38periiCTpi1pOB81lHhlX OT naHHOA MrmeHII 1 K qiicny Bcex 

aapmKeHHbiX qacTIIU, aaperiiCTpiipOBB!lHbiX OT yrne ponnoA MHmeHII, A 6conJOT-

Hb!B BBJIIIqHHbl nn¢rjlepeHUIIBJibHbiX ceqennft o6pa30B81HH 38pSI>KeHHbiX qacTHU 

/9/ 
na yrnepone 6panncb Il3 pa6oTbi • LlnH KOHTponH nn¢¢epenuiiaJibllbie ce-

o 0 
qennH non yrnaMn 6,5 n 9,5 6biJIH orrpeneneHbi o6cnMn MeTonaMn, npn 

3TOM rronyqeHHbiB BennqHHbl nwr¢epeanHanbHbiX ceqeH IIA cornacoaanncb 

Me>Kny co6oA B npenenax sKcrrepnMeHTBJibHbiX own601:, 

1/J. PeaynbTBTbi naMepeanA 

1, J.1 M II y n b C H bl e C II e K T p bl 

l1MnynbCHbie cneKTpbi neATponoB, o6paayeMbiX ron yrnoM 6,5° na 

~npa-1 H , D , Li 
7 

, C Al Cu , Rh H P b 1 n X 0 IIOK838Hbl H8 pHC,, , 
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Pnc. 1, l1MnynhCHbiE cneKTpbi neil:TpouoB, o6pasyeMbiX npoToHaMn c 9Hep­
rnei1: 670 M 9B non ~TnoM 6,5°. KpHBbie ua pnc. 1 D - 1. P b - pesynhTBTbi 
pacqeTa no nncnepc·1oHHOH Teopnn npHMbiX HAepHbiX peaKunil:: - no-~ 

J110CH8H AllarpaMMa; - noniOCHaH + TpeyronbH8H AllarpaMMbi; 
----- TpeyrmhH8H AllarpaMMa (pl!C, 1C);-------- llHTep<fJe­
peHUllH nomocuoti 11 TpeyronhHOii nnarpaMM ( pnc, 1C). Kpl!BaH c llHAeKCOM 
l 1 ( p11c. 1C) - · pacqeT c yqeToM <fJopM!jlaKTopa l = 1. Kpl!Bbie ua pn-

cyHKe 1H npoBeneuu oT pyKll, 
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KaK BHAHO H3 puc. 1H, llMITynbCHhlll CITBKTp aeATpOHOB OT peaKUllll 

pp HB CB060AHhlX DpOTOHBX COCTOHT ll3 ABYX ITHKOB, OTBB'-18-

!O!IlHX BbinBTy ABATp)HOB B C.U.M. "Brrepea" I! "tia38A" • 0oJIO/KBHHH ITHKOB 

XOpOlllO COBIT8):(810T C p8CC'-IHT8HHbiMI! ITO KI!IIBMDTHKB COOTBBTCTBYKllUHMH 

3H8'-IBHJ!HMH HMIIynbCOB 1378 I! 859 Jv\:::mic. illl!pHHbl ITHKOB ,\.P~ 45 fV\::mic 

X8p8KTBpH3y!OT HMII~nbCHOB pa3pBWBHJ!B MBrHHTHOro CITBKTpOMBTpa. 8 JIM-

rrynbCHOM CITBKTpe PBllTpOHOB OT ABllTBpllH ( pllCo 1il) XOpOU!O BbiUBnHIOT-

CH TpH rrnKa, rrpn ai a'-!eHHHX HMrrynhCOB Pd"' 870 M:::m/c, 1::175 MaBie n 

1625 MaBie. OnK D!'H P = 1625 MaBie o6ycnoBneH yrrpyrHM pacceHHIIBM 

aa cso6oaHoM neilTpoae. WnpnHa aToro mma, paBHaH "' 52 MaBie, oTse-

'-18BT llMITynbCHOMY fD3pBWBHll!O MBrHHTHOrO CITBKTpOMBTpa. 0cTanbHhlB 

AB8 DHK8 KHHBM8Tll'-19CKH COOTBBTCTBy!OT pBDKUIIll p + <N> -> d + TT 

HD HyKnOII8X HAp8 JlOlfTBpHH. I1x LUllpllHbl H8 rronyBb!COTB COCTaBnHIOT 

"' 150 MaBie n "' E5 MaBie. XapaKTepaoA oco6enHoCTb!O HMoflynbcHbiX 

6 ( l 
. 7 

CITBKTpOB JlBllTpOHOB OT onee THIKBnbiX HJlBp "t 1 c ' Al Cu 

Rh Pb ) HBnHeTcH nann'-lne JJByx ITHKOB rrpn aHa'-!BHHHX HMnynhcoB 

Pd = 1600 MaBie n Pd = 1370 MaBie. OnK rrpn Pd = 1600 MaBie o6yc-

JIOBnBH KBB3HyrrpyrH!1 paCCBHHllBM DpOTOHOB H8 ABYXHyKnOHHhlX 8CCOUll8UllHX 

B HApax, T.B. pB8KUI'Bll 

I A(p,dN). ( 1) 

i2 3i 
3ToT rrpouecc aa6n10a:ancH pauee B pa6oTax ' • H e6onhwoe cMemeane 

M8KCHMyMa BnBBO 01HOCllTBnbHO 3H8'-IBHHH p , 1625 MaBie, oTBB'-IaiO-
d 

mero CB060AHOMY p< - paCCBHHHI01 cornacyeTCH CO 3H8'-IBHllHMll aHeprllll 

oTJJBJIBHHH ,a:eilTpoHoi ( ~ 10-20 M aB). ToT ¢aKT, '-ITO lllllpHHbi Ha rrony­

BbiCoTe ITllKB, OTBB'-IE !O!IlBro pB8KUllll ( 1) 1 f'!P = 150 M aBi c, 38MBTHO rrpe-

Bb!lll810T llMITyJihCHOB pa3pBlllBHHB CIIBKTpOMBTpa, ITO-Bll,QllMOMy, CBH38H C 
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BHyTplHIJlepHbiM JlBIOKeHHeM JlByxHyKnoHHbiX accouH.mHil B Hapax. EcnH 

nonyCTHTb 1 'ITO BHyTpiiHJlepHoe pacnpeneneHHe HMrr:rnbCOB JlBYXHyKnOHHbiX 

8CCOUII8UHH HBnHeTCH rayCCOBbiM 1 TO H3 rrony'IeJIJib X pe3ynbT8TOB MOlKHO 

OUe!iHTb cpeJlHIOIO KHHeTII'IeCKYIO 8HeprHIO LIBIIlKeliH5 LIByXHyKnOIIHbiX KnacTe-

pOB T < 2 N >; TaKaH oueHKa rrpHBOLll!T K 3lla•:reHIIIo T < 2 N > :: 15 M aB, 

IlHK B pailoHe HMnynbCa p d = 1370 M 8B/ C KI!HeMaTH'IeCKII COOTBeTCT­

ByeT o6pa30B8HHIO )lei\TpOHOB B peBKUIIHX: 

p+p-+d+rr+ 

0 

TT 

( 2) 

(3) 

HB CB5!38HHblX HyKnOH8X 5!Jlp8 C BhineTOM )leitTpOHa B C,U,M, "BIIepeJl" 1 

T,e, peaKulleli 

(4) 

B oTnll'l:He OT peaKUIIH ( p d rr ) Ha )leli:T(·pHH 1 IIIIKII 1 OTBe'l:a!OIUHe 

peaKUHH (4) C BhlneTOM )leitTpOHOB B C,U,M, •na3~1• 1 B CIIeKTpax )leitTpOHOB 

oT 6onee cnolKHhiX S!Jlep ae BhiJlenHIOTCH, 3To MOlK•lT 6hiTb o6ycnoBneao 

K8K yllillpeHHeM IIIIK8 BCne)lCTBIIe BHyTpiiHJlepHOro LBHlKeHHH HyKnOHOB1 T8K 

H BKnaJlOM npyr11x peaKuHA 1 B TOM •mcne rrpoueccoB o6pa3oBaHHH JletiTpOHOB 

c pa.;~sanoM Koaeqaoro HJlpa. YKa3aHIIeM aa rrocne!.HIOIO rrpii'IIIHY MOlKeT 

cny>KHTb pOCT OTHOIIJeHHH Bb!C01'hl HMIIynbCHOrO CITE KTpa B ero MHrKoit qac­

TII ( :; 1200 M aB/ c) K BhiCOTe II IlK a rrpH P d = 1:!60 M 9BI c c yaenii'IeHHeM 

M8CCOBOrO 'IIICna Hnpa, 

Ha pHC, 2 IIOK838Hhl HMnynbCllbie CIIeKTpbi )leli:TpOHOB 1 HCIIYCKaeMbiX 

HJlpaMH H D • Li 
6 

Li 
7 

1 C , Al Cu Rh Pb ITOJl 

0 ' ' 0 
yrnoM 9,5 • B aTHX crreKTpax aa6niO!IaiOTcH, KaK H B cnyqae () d = 615 1 

MaKCIIMYMhi rrp11 IIMIIynbcax P 11 = 1800 Mga/c 11 P c~ = 1300 Mga/cl KOTo­

pbie OTBe'l:aiOT COOTBeTCTBeHHO JleitTponaM OT peaKJliiH ( 1) II aeltTpOHaM, 
I 

9 I 

I. 
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PHc. 2. HMrrynhcH&Ie crreKTpbi neATpoHoB, o6pasye~tbiX rrpoToHaMH c aaep­
j rHeA 670 MaB rron yrnoM 9,5°. KpHB&Ie aa pHc. 2 D - 2Pb - pesynhTaT&I 
~ p8C'I9T8 IIO llHCIIepCHOHHOlt TeOpHH IIpHMbiX HllepHbi:~ peaKuHA ( o603H8'1eHHSI 

CM, Ha pHC, 1), 
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HCITyCK88MbiM "srrepen' B C,U,M, B peaKUHH ( 4), Oo Cp8BH8HHJO CO Cll8KTpa­

MH, H3MepeHHbiMH ITO)l yrnoM 6,5°, Ilpll 9,5° Ha6nJOJl8JOTCH yumpeHIIe ITHKOB 

OT peaKUHH (4) H OTHlCHTenbHOe ynenH'l8HH8 BKnaaa HH3KOIIMITynhCH~X ae~T-

pouon, 'ITO oco6eHHO :oaMeTHO B cnyqae TSI)KenbiX HAep ( Cu Rh , Pb ) • 

nocne.auee, rro-BHAHMC My, o6ycnosneno BKnaaoM rrpoueccon, B KOTophiX 

HLlpO YHOCIIT 38M8THYI<> LlOnJ<) 8H8pT'HH HaneT8J<)ill8T'O IlpOTOHa, a T8K)K8 

BKnanoM rrpouecca rrerepacceHHHH " - Me3oHon, o6pa3yJ<)UlllXCH BMecTe 

C Ll8ATpOH8MH B peaKUHII (4), OocnenHHA M8X8HH3M p8CCMaTpllBaeTCSI B 

paanene IV • 

CrreKTpbi neATpoHoB, HcrrycKaeMhiX non yrnoM 13,5°, HBnHJ<)illHMCSI 

rrpenenbHblM LlnH Bbin8 ra neATpOHOB B peaKUHII p p __... d TT + na cno6on-

HhiX rrpoToHax rrpii 67( M 8B, rrpHBeneHbi ua pHc. 3, DnH Hnep D Li 

C OHII xapaKTepH3YK TCf! H8nH'lll8M IllllpOKOT'O MBKCIIMyMa Ilpll p d 

= 1100 Mss/c, KOTOpE!H OTBeqaeT rronO)K8HHJ<) ITIIKOB OT A8~TppHOB, IICITYCK8-

+ 
eMbiX non rrpeaenhHhiiV yrnoM B peaKuiiii p p ---- d TT • B cneKTpax ae~T-

poHoB LlnH 6onee TSI)KEnhiX Haep ITIIK OT peaKUHII (4) He IlpOHBnHeTCH, IlpH-
• 

'18M BepOS!THOCTb HCIT)CK8HIISI aeATpOHa MOHOTOHHO rraaaeT C ynenll'l8Hll8M 

ero IIMrrynhca. llnH AE il:TepiiH ( piic, 3 D Ha6n!<)Jl88TCSI ITHK Ilpll IIMITynh-

ce 1570 M sn/ c, oTBe• BJ<)illHil: yrrpyroMy p d - pacceSIHHJ<), DnH Hnep Li 6 

H Li 
7 

xoporuo 3aMeTeH ITIIK rrpH 1570 M ss/c, OTBe'!aJ<)mH~ peaKUIIII KBaaii-

' 
yrrpyroro pacceSIHHH rrpoTOHOB Ha nsyxHyKnOHHhiX accouHauHHX. B cnyqae 

6onee TH)K8nhiX SIJ18p >:OOTB8TCTBYJ<)illll~ ITHK He Bb!Jl8nH8TCSI Ha cpoHe 6onb­

IIIOT'O BKnaaa OT peaKLIIH ( 4) B 8TOH o6naCTH HMITynhCOB, 

Ha piic, 4 rroKaaaHbi crreKTpbi ne~TpoHoB, HcrrycKaeMbiX rroa yrnoM 

6 7 
Li L' , C Al Cu Rh H 

Li Ha6n!<)Jl88TCI lliHpOKIIA M8KCHMyM IlpH HMrrynbce 

P b • B :cneKTpax 

Pd "' 1000 M sn/ c. 

XoTH sTII crreKTpbi II3 v~epeHbi rroa yrno"::, rrpeBbiillaJ<)WIIM auaqeHIIe npenenh­

+ 
HOT'O yrna Bbin8T8 .oei!TpOHOB B peaKUHII p p --> d TT , B yKa38HHYJO 06-

12 



naCTb HMITynhCOB MOryT JlBBBTb BKnBJlbl aer1Tp0Hhl 1 oCpB30BBBWlleCH B 

peaKUliH p<N>->drr HB HyKnOHBX HDpB 1 DBll~yWHXC1 HBBCTpeqy HaneTa~-

meMy rrpoToHy. 

CrreKTpW )leATpOHOB JlnH 6onee TH~enwx HUep HO<HT MOHOTOHHWA 

xapaKTep B HH3KOHM~ynhCHOA o6naCTHj C~JlB 1 IT0-1"\HUlll\ OMy 1 B OCHOBHOM 

JlB~T BKnBJl neATpOHW 1 o6pB30BBBWIIeCH B pe3ynhTBTe dHOrO'IBCTII'IHWX 

rrpoueCCOB 1 HB!IpiiMep 1 B HaepHOM KBCKB)le, YTO KBCBeTCH )leATpOHOB OT 

0 
peBKUHII ( 1) 1 TO HX BKnaa ITOJl yrnoM 16 TpyJlHO BWDEniiTb Ha ¢oHe apy-

rii~ peaKUII A. 

2. il II ¢ <j1 e p e H u II a n h H hi e c e q e H II H 

npii orrpeJleneHIIII Jlll¢~epeHUIIBnhHOro Ce'IeHHH pe!KUHH (I) ~OpMa 

BbiCOKOIIMITynhCHOA 'IBCTII JleilTpOHHOrO CITeKTpB arrrrpOK•:IIMHpOBanacb rayc-

coBWM pacrrpeaeneHIIeM, Mcrronh30BaHIIe nnH sToA uenn IIMrrynhcaoro pac -

rrpe)leneHIIH, pBCC'IIITBHHOrO C ITOMOllib~ ITOn~CHOA JliiBrp'lMMbl 6e3 yqeTa 

~opM~BKTopa (eM, pa3Aen IV ) 1 rrpiiBOJlHT K 3HB'IeHHHM AII¢¢epeHuiianhHWX 

ceqeHIIA1 OTnii'IB~WIIXCH OT HBA)leHHbiX B cnyqae rayccOBOA B!I!IpOKCIIMB-

UIIII He 6onee 'IeM HB 10%, 

nonyqeHHbie TBKIIM o6pB30M Jlii<jlljJepeHIJHBnhHbie C•)'IeHIIH JlnH yrnOB 

0 0 0 0 
61 5 j 9 1 5 ; 13 1 5 H 16 ITpiiBeJleHbl B Ta6niiUe I. 3Ha'IE HIIe Jlii~~epeHUHBnb-

HOrO ceqeHIIH peaKUIIII ( p 1 dN ) JlnH yrnepOJlB ITOJl yrnOM 61 5° COBITB­

/2/ 
)lBeT B rrpe)lenax OWII60K C pe3ynhTBTBMII pa6oTW 3Ha'IeHHH Jlii~~epeH-

UIIBnbHbiX ceqeHIIA 1 OTBeqa~WIIe OCTBnbHOA 'IBCTH CITeK·cpa JleATpOHOB 1 !IpH-

BeJleHbi B Ta6niiue 2. 

Benii'IHHW sKcrrepiiMeHTBnhHWX owii60K 1 rrpiiBeAeHtwe B Ta6niiuax 

II 21 BKn~qa~T B ce6H 1 KpOMe CTBTIICTII'IeCKIIX, TBKHe OWII6KII 1 CBH3BHHbie 

C BBeaeHIIeM ITOITpBBOK B CITeKTpbl JleATpOHOB 1 II 8KCITe~ IIMeHTBnhHbie OWI16KII 
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ceqeHHlt, Hcrronh30BaHHLIX nnst a6comoTHolt HOpMHpoBKH, KpoMe Toro, B 

OWH6KH ceqeHHH Je8KUHH ( l) BKnJOqeHbl T8K)f{e HeorrpeneneHHOCTH, B03-
• 

HHK810WHe IIpH anrrpOKCHMBUHH SKCIIepHMeHTanbHbiX ll8HHbiX rayCCOBbiM pac-

rrpeneneHHeM, 

B cnyqae n ~rKHX stnep ( D , Li C ) Anst yrnoB BLineTa neltTpo-

6 5° 9,5° 13 5° " HOB , ; H , orrpenenstJOIUHlt BKnan B 3HaqeHHst ceqeHHn, rrpHBe-

neHHLIX B Ta6nHU8 2, BHOCHT 0 IIO-BHAHMOMy, peaKUHst ( p 1 d 1T ) , B OC­

TBnbHblX cnyqam. yKa3aHHLie B Ta6nHue 2 3HaqeHHst cnenyeT paccMaTpH-

B8Tb K8K BepxHH3 OUeHKH AH~~epeHUHanbHOrO ceqeHHst 

da 
BHCHMOCTH AH~~EpeHUH8nbHbiX ceqeHHlt -- (p, dN) 

dO ~ 

STOlt peaKUHH, 3a­

da 
H --(p,drr) 

dO 

OT MBCCOBOrO ql'cna A stApB-MHWeHH rrpeACTaBneHbl HB pHC, 5, 

3KcrrepHMeJIT8nbHbie ABHHble Anst o6eHX peaKUHlt XOpOWO OIIHCbiBBJOT-

Cst KpHBLIMH i a "' A" , 3HaqeHHst x nnst rrpoueccoB ( l) H ( 4), , o 
HaltneHHLie MeTO.lOM H8HMeHbWHX KB8Ap8TOB 0 IIOK838Hbl H8 pHC, 6, BenHqH­

Ha X nng IlpOU€CC8 ( l) 6nH3K8 K 3HaqeHHIO 1/3, 3To, IIO-BHAHMOMy, CBH­

neTenbCTByeT 0 TOM, qTo AeltTpOHbl B peaKUHH ( J) Bbi6HB810TCst H3 rrepH~epH­

qecKOH o6nacTH stnpa. qTo KacaeTcst peaKUHH (4), To Anst yrna 6,5° ae­

nHqHHa X ITpHH¥ MaeT 3HaqeHHe"' l /3 H pacTeT C yaenHqeHHeM yrna BLine­

Ta ( rrpH () d = 16°, x "' 1/2). 3ToT poeT MO)f{eT 6biTb o6ycnoaneH yae­

nHqeHHeM BKnBlll ApyrHX K8H8nOB B HH3KOHMIIynbCHYIO o6naCTb neltTpOHHO-

ro crreKTpa. 

YrnoBLie :? aBHCHMOCTH AH~~epeHUHanbHbiX ceqeHHlt nnst rrpoueccoa 

( I) H ( 4) IIOK8:18Hbl H8 pHC, 7, 

KaK BHllHO H3 pHcyHKOB, sHaqeHHst Anst o6oHx rrpoueccoB 

MOHOTOHHO II8ABIOT IlpH yBenHqeHHH yrna. npH STOM yrnOBag 38BHCHMOCTb 

coqeHHH KB83Hylpyroro pd -paccestHHst rrono6Ha yrnoaolt 38BHCHMOCTH 

ceqeHHH cao6on ~oro p d - paccestHHst, To rna KaK rroaeneHHe AH~~epeH-

UH8nbHhlX ceqetHlt peaKUHH p N -+ d 1T Ha CB060llHbiX H CBst38HHblX 
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d~ _ 10-z1 cmz rc·" <m' 
(p,dJl) 5 "QQ sz (p,dN) 

9 Bd•f6.0" 50 do s'Z ¢ Bcr16.0" 
9 

¢ ¢ ¢ 
0 

¢ 
¢ 

10~ 
0 

¢9 
Bd=13,5" 

oo 0 Bd=13,5" 
9 • 51 0 

5 0 

9 ¢ c 
¢ 0 

?¢ 
¢ 00 

l;l 
0 0 Bd=9.5" 

¢ Bd'•9,5" 0 

5 
¢ ¢ 0 

¢ ~ 

9 00 0 

¢9 0 

Ba=6.5" 105 0 Bd=6.5" 
9 ¢ ¢ 

5 ¢ 
¢ ¢ 

51'' ¢ 0 
0 

¢ 

-10$ 

5 50L_ 
tO toO A 10 100 A 

I I t I I I t ' ' I 1 1 
Li41C Ae Cu Rh Pb D Lt(7c Ae CuRfr Pb 

a (;" 

( ~~ ~w) {P, cl ,-) 
PH c. 5. 3aBHCHMOCTH LJ.H¢$e peauHanbHhiX ceqeHHft peaKU fiH ( p • dN ) H 

( p • d17 ) oT Maccosoro 'l:Hcna A SILJ.pa-MHIIIeHH. 
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:X 

a 
(p,dN) 

Q5 ? 
'Ia~-- ---- ~- ---9--- __ ¢ ____ ---~------ ~ 

.~ 
6 

(p, dfi:) + + • --- --------+- -----------.--------

_L_ ..L _j_ 

s· to• 15. 
Bd(ta8) 

da 
f 'wr:. fi. 3nFHICHMOCTI Benii'IHHbl X B lliTITpOKCHMilUHH A 

dO 
yr·nfl BhlnCTEl neiiTpoHa, 

X 

OT 

HYKIIDHilX n pllccMaT JHBaeMor! o6nacTH yrnoB cHnbHO DTnH'laeTcH. B 'l8CT­

nnr:TH, rrnH peaKuHH ( 4) ne na6moaaeTCH cHnbnoro rronbeMa yrnoBoro 

p11r:upeneneHHH B6nH:;H rrpeaenbHoro yrna. B Ta6nHue 3 rrpHBerrenbr 3Ha'leHHH 

rnnotHeHHil llH¢¢epenmanbHhiX ceqenHii rrpoueccoB ( 1) H (4) K Lm¢<f>epen-

IJH/lllhi!J.IM CC'l8HHHM CODTBeTCTByJO!UHX peaKUHii l!ll CB060llllh1X aeihpDH8X 

H Jl,YK/TOHIIX: 

20 



da da 
n --(p,dN)/-(pd -> p d) (5) 

DA dO dO 

d a d a 
--> d TT ~) ( 6) n --(p, drr)/--(pp 

NA dO dO 

nnH pa3nH'IHL>IX Hnep. BennttHHhi n DA H n NA unorna 183hiBaJOTCH 9<jlcj:eK-

THBHhlMH ttncnaMn nenTpoHHhlX accounaunA n HyKnonon JllH Hnpa A • M3 

Ta6nHUbl Cl BHnH0 1 'ITO 3H8'1€HHH n DA nnH JlBHHOrO Hllpa He CHnbHO pa3-

nH'I8JOTCH npH H3M€H€HHH yrna OT 6,5° no 16°, 3TO B HcB€CTHO~ Mepe 

onp8B)lb!B8€T HCnonb30B8HHe 9{jJlf>eKTHBHbiX 'IHCen B K8'ICC1 ne xapaKT€pHCTJIK 1 

0Tp8)!(8JOUIHX H€KOTOpb!e CBOICTBa BHyTpeHHeli CTpyKTypbl HJlpa, 

B oTnnttHe oT 3Ha'leHnA n DA 1 nenH'IHHbi n N A L nH nannoro Hnpa 

nanaJOT c ynenH'IenneM yrna BbineTa neiiTpona 1 KBK n cn"nonano O)!(HDBTb 

H3 pa3nH'IJIH yrnonwx 3BBHCHMOCTeA cettennA npouecca pN-->drr na 

CB060nHhlX H CBH38HHhlX HyKnOHBX. 3TO, no BCeA BepOHTtOCTH 1 HBnHCTCA 

0Tp8)!(€HH€M TOr0 1 'ITO ::JHepreTH'I€CK8H 38BHCHMOCTb C€'I!!HHH peaKUHH 

n6nH3H 670 M8n HMeeT pesonancHbiA xapnKTep, a an>~ peaK-

UHH p <N> -> d TT 1 npOHCXOJlHIUeii HB HyKnOHBX HJJ,pa, pa3nH'IHbiM yrnm.I 

perHCTp8UHII Jl9HTpOHOB OTB€'I89T B38HMO)leiCTBHe HBneTE 101!1HX npoTOHOB C 

HyKnOH8MH 1 pacnpeneneHHbiMH B pasnH'IHbiX yttaCTK8X HMnY'nbCHOrO cneKTpa 

nnyTpHHnepnoro nnH)!(eHHH. Bnuny 8Toro, cetteHHH peaKuH 1 ( p d rr 

non p83Hb!MH yrnaMH cneJJ,OBBnO 6b! 8#eKTHBHO OTHOCHTE K 3H8'I€HHHII.I ce-

tteHHA npouecca p N .. d rr , B3HTbiX npu pasnnttHbiX 8J:eprHHx naneTaJO-

1!1HX npOTOHOB H COOTB€TCTBYJOIUHM o6pa30M ycpeJlH€HHbiM, no8TOMy npnne-

neHHbi€ 3H8'I€HHH n N A MO)!(HO paCCM8TpHB8Tb K8K 8cp$eKTHBHbl9 qncna 

HyKnOHOB nHWb npH6nH)!(9HHO, 
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dQ cmep 

f

si.Q_. fO -27 CM
2 

P6 

a 
(p, dN) 

r Rh 

s~ ~;rf ~~ 
I ~,~~ 

tOO 

50 

l~--·LD~~ 5" 10" 15" 
Bri (na5) 

6 
(p, d 1() 

Pnc, 7, YrnoBbie 38BHCHMOCTH nn<jJ<jlepeHUIWJibHhiX ceqe mil: p.eaKuHil: ( p 

d N ) H ( p d" ) , KpHBhie Ha pnc. coenHHSIIOT ro'!KH nnSI onaoro 

SIL1p8, llaHHb!9 110 Li 6 B rrpenenax OIIIH60K H3MepeHHA ·~OBII8L18IOT C COOT -

BeTcTsyroiiiHMH naHHbiMH LIJISI Li 7 • 



lV.06cy~aeHHe peaynhTaToB 

0 
PaC'I8Thl HM'IynhCHbiX CTI8KTpOB A8HTpOHOB TIOA yrnoM 6,5 Ha HApe 

C
. 12 

, UpOB8A8HJ b!e Ha OCHOBe MOA8nH H83aBHCHMbiX 'IaCTifU, OlllfCaHbl B 

/4/ 
Ha!1Ieii npeAhiAyiuei1 pa6o'l'e • 6hino o6Hapy~eao Ka'IecTBeHHoe cornac11e B 

¢opMax aKcnepiiMIHTanhHhlX n Bhl'IHcneaawx pacnpeneneHiffi, 

npeACTaBnH8TCH HHTepeCHhlM TaK~e TIOIThlTaTbCH OlllfC8Tb 3KCTI8p11M8H-

/}Q/ 
TanbHhl8 ):laHHbl8 c TIOMOIUbiO AHCnepCHOHHOH TeOpHH ITpHMhiX npoueCCOB 

B 3TOM cnyqae M ~xaHH3M HAepHoti peaKUiflf Mo~eT 6biTb npeacTaBneH Ko­

He•mhiM 'IIfCnOM tP ?fiHMaHOBCKHX AHarpaMM, OC068HHOCTH KOTOpb!X ne~aT Han-

6onee 6nnaKo K ¢aanqecKoll o6nacTn. B HaCTOHIUei! pa6oTe paccMaTpnBaiOT­

cH BKnll,[lhl TIOniOCIIOfi I! TpeyronhHOli ,[lHarpaMM, 

Hn~e H3no~eHw pe3ynbTaTw pac'IeToB unH npoueccoB 

P + A 

rne A - Ha'Ianh~ oe, a B 

1. PeaKUIIH p + A 

d+rr+C, 

C - KOH8'1Hhl8 SIApa. 

d + N + B 

( 1 a) 

( 4a) 

Pe3ynbTaThi pac'IeToB no non10cHoil AHarpaMMe (pH c. 8), BhiiTDnHeH­

Hhie 683 y'IeTa tP'lpM<jJaKTOpa H B rrpearrono~eHHH 0 'ITO KOH8'IH08 HApO Ha­

XOJlHTCH ··s OCHOBJ:OM COCTQSIHHH 0 ITOKB3BHbl Ha pHC, 1-4, PaC'I8THh18 

PHc. 8 
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KpHBNB HOpMHpOBB.'IHCb K 3KCIIBpHMBHT3.'1bHOMY CIIBKTpy !pH HMIIYflbCB 

- 1600 tv\ :m/c, ~b pHC, 1-4 BHIHI0 1 'ITO TeopeTH'IBCKHe LpHBb!B HBII.'IOXO 

OIIHCLIBBJOT 3KCDBpHMBIITClflbllbl8 Jl8HHbl8 /l.'l>l BCBX HCC.'IBJ yeMb!X HllCp, AHa-

norHqnue pacqeTw npoaonHnHCb H c yqeToM ¢opM¢aKTOpl, DpH aTOM 6Nna 

/Ill 
Bf I6paHa 6aTnepOBCKaH <lJOpMa BBpWHHHOi\ 'WCTH 1 rL e op611TaribHh!H MO-

1-.te!IT OTHOC'l!TB.'IbHOrO JlBIDKBHHH BllpTyanLH~)rO Jl8HTpOH3 < d > II OCTBTO'I-

noro Hllpil II npHHHMancH paBHhiM HYriKl, CpaBHCHHe c ]BKTpoB nei\TpDHOB, 

Bbl'HIC.'18HIIl>IX C Y'IBTOM llJOpM¢aKTOpa, C 3KCII8pi!MBHT1Uib lb!Mll II03BO.'IH.'ID 

nonyqi!Tb nerJTpOHHLIB IIpliBBilBHHble Ulllpii!!Ll pac wna A -• R +<d>. 

flpH 3TOM pamtyc KaHana pncnana Bhl61!pi1riCH pi1BHLIM pcllHYCY H£\pa, Doc­

KO.'lbKY B ycnOBl!HX HBCTOHWIIX OITLITOB COCTOHHI!e KOHB'Il·OrO Hllp8 He cJlHKCII-

pOBBJIOCb, f!OllY'!BHHb!e IIpi!BBilBHHbiE! lllllpHHLI llMBJOT CMbl :n IIO.'IIlhiX IIpHBB­

IlBHHhiX ll111pHH, 3Ha'JeHl!H IIpl!BBilBHHLIX lllllpHH 1 Bbl'U!Cll8l!J h!C llJlii yrna 

Rbi.'IBTB 6,5°, npBilCTaBnBHLI B Ta6nuue 4, Jlnll llP)THX Yl'i!OB 3H8'IBHl!H 

8 ~ B 1Ip8/18.'18X Oll!li60K COBITalla!OT C 118Hiih!Mll Ta6m!U ,1 4, 

Hnpo 

2 e 
d 

7 
Li 

2,4 !_0,5 

Ta6nnua 4 

c Al Cu Rh 

4,4 :!:_0,8 7,4!_1,4 8,6 !_ 1,6 10,3 !_2,0 

Pb 

12,6 !_2,5 

Pe3ynbTaT,rronyqeunr.til nnH yrnepona, cornacyeTcH B npenenax own­

/12/ 
6oK CO 3H8'IBHHHMH 3,8 :!:_ 1,0 H 2,7 !_ 0,7, flOlly'IBHHblMI B pa6oTe Jlml 

0 
yrna BbllleTa net\Tponoe 13 11 naqanbHbiX 3Heprl!ti npoTonoB 1260 M aB 11 

730 M 3B, COOTBBTCTBBHHO, CnenyeT 38MBTI!Tb, 'ITO 3Ha'I )111151 

CHT OT MBCCOBOrO 'IllCllB HllpB KBK 
A Ih 
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2, P e a K u H SJ P + A -. d + TT + B 

Pe3yllbTaTbl f acqeTOB Ha OCHOBe ITOJIIOCHOH nHarpaMM bl pile, 9a, Bbi­

ITOJIHGHH~X 6e3 yqera ¢opM~aKTOpa, I1p9/lCTaBJI9Hhl ~a piiC. 1-4. npenrro-

naraJIOCb 1 'ITO KOHE'IHOe HllpO OCTaeTCH B OCHOBHOM COCTOSJHIIII. 

p ~ p ~ 

...... 
........... 

=-- "'-<1i> ~/ (II) Ji ............ 

' 
, 

/ 

~ B 8 
a 

P11c. 9 6 

PacqeTHhle KJillB~e HopMHpoBaJIHCb K aKcrrepHMeHTaJibHOMY cneKTpy 

0 
llllH yrna 6,5 rrpH HMITYllbCe 0 " 1375 MaBie. KaK BllllHO 113 pHC, I, pacqeT-

Hbie KpHBhie nnH H.tep D L ; 7 
• rrp11 0 d = 6,5° Herrnoxo OITHChiBBIOT 

8KCI19pHM9HT8JlbHhl•l ll8HHbi9, illlfl 6onee T51/K9JlbiX Sl/l9p COrJiaCHe C 9KCI1e-

pHM9HTaJibH~MH naHH~MH H86JIIOil89TCSl TOnbKO B o6naCTII I1HK8 I1pll IIMITyllb­

ce "' 1375 M sa/ c, B HH3KOHMrrynbCHOH o6nacTH pacqeTHhie KpHBbie HilYT HI!-

IKe 8KCI19pHM9HT8ll>HhlX TO'IeK, I1p11'19M 8TO p83Jlii'III9 pacTeT C yBeJIH'I9HIIeM 

0 0 ( 
MaccoBoro 'IHcna. Pac'leTHbie KpHBbie nnH yrnoB 9,5 11 13,5 p11c. 2 11 3) 

CHCT9M8TH'19CKII IT]IOXOUSIT HH/Ke 8KCI19pi!M9HTaJibHbiX TO'IeK, nocnenHee, rro­

BIIiliiMOMy, o6ycno11neHo BKnanoM B rrpouecc p +A ·• d + "+ B non 6onbwi!MII 

yrJI8MH 6onee CJIO:KHbiX rrllarpaMM, BKlli0'1810llliiX rrepepacceHHII9 BTOpii'IHLIX 

'18CTIIU H8 OCT8TO•HOM Hrrpe. KaK cnenyeT 113 KHH9MUTIIKII Dpouecca 

d + 
p p -> 1T 

1 
ilH8:'p8MMbl C rrepepaCC9SIHH9M 1T - M930110 1\D OCT8TO"IHOM 

smpe ilOJI/KHbi BHOCI!Tb H8H6onee Cyll!9CTB9HHbi!i BKll8ll ITfJif () d" 10°, T,K, 

B 8TOM Clly"lae 8H~pri!SI 1T -M930H8COOTB9TCTByeT MOKCifMyMy B C9'19Hifll 

B3811MOU9l!:CTBHSI 1T - M930H8 C SiilpOM B KOH9"1HOM COCTOffllllll ( JIIIC, ]Q), 
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10 800 

600 

---- 400 

200 

~----''---------'-

100 200 300 

PHc. 10. CrrnowHaH KPHBBH - 3aBHCHMOCTh yrna BbineTa JeilTpoaa oT ero 

KHHeTHqecKoil aaeprHH (na6. cHcTeMa) B peaKUHH pp -. d 77 + flyHKTHpHaH 

KpHBBH - 38BHCHMOCTh IIOnHOT'O ceqeHHH B38HMOlleHCTBHH 77 - Me30HOB Ha 

Hnpe yrnepona OT KHHeTHqeCKOH 3HeprHH 77 - Me30IIE. 
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PacqeTw c yqeTOM 6arnepoBcKoro ~opM~~KTopa Mano MB!Hl!OT qJop-

Mu crreKTpon. B Ka'!eCTBe rrpHMepa Ha pnc. lC noKa3aH pe3ynbTaT pac-

•!eTa c cj'OPMtPaKTop )M ( l = 1) JWH H.apa C rrpn () d = 6,5°. PacqeThi 

C ~'IBTOM ~OpMtPBKTOpa .llll!OT B03MO~HOCTb OUBHHTb ITOnHNB rrpOTOHHNB TipH­

BB.llBHIIUB mnpHHI>r i .nH nccne.ayeMbiX H.aep. BbrqncneHJHl npono.annHCb n rrpe.a-

1101IO~BHHH 1 'ITO OC"aTO'!HOB H.llpO HaXO.llHTCH B OCHOBHOM COCTOHHHH 1 a ITpH­

BB.llBHHWB U!HpHHW i~H ITpOTOIIa H RBATpOHa O.llHHaKOBW. npn 9TOM pB.llHyc 

KaHana nH60 6panC~! H3 H3BBCTHhiX JlBHHbJX 1 nH60 11pl1HHManC5! paBHb!M pa-
IIJ 

nnycy KOHB'!Horo HJipa cornacHo qJOpMyne R = 1,35 A • HaAaeHHr,re 

0 
JlnH yrna 6,5 3HB~BHH5! ITOnHWX ITpOTOHHhlX ITpHBBJIBHHNX lliHpHH DaHW B 'IBT-

nepToM cTon6ue Ta5nnuw 5. 

Ta6nnua 5 

R,npo R, Io-13c:" e S~tot e~"' ~ /14/ 
cw., Hanpoep, 

'TJ 4/13/ 0 O,I3:!:,0,02 
Lt ~ s/!3/ I I,I ±. 0,2 0,55:!:,0,10 0,39 

c 4 3/I3/ ' . 
I 1,5 ±. 0,3 0,9 ±. 0,2 0,2I 

0,23 
0,34 
0,26 
0,89 

Ae I .35 • A::j3 0 0,8 i 0,2 
Cu r', 35 , · A:J3 I I,6 ±. 0,3 
Rh .D " - I 2,5 ±. 0,5 pg - " - I 2,5 ±. 0,5 
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B ns:noM cTon6ue Ta6ni!ULI 5 rrpencTaBnBHbi rrpoTOHHue rrpHseneHHbre 

6 12 n 
tllllpi!Hbr nnH Bl!pTyanbHbiX rrepexonos Li 7

--> He + p 11 C --> B + P • 

npll llX Bl !'IHCnBIII!ll rrpenrronaranOCb, 'ITO OTHOWBHI!B Bepo:ITHOCTBH rrepexo-

na B OCHOBHOB COCTOHHIIB OCT8TO'IHOI'O Hnpa K rrepexonaM B OCTanbHhlB 

COCTOHHIIH nnH BepU!l!Hbl Li 7 -->He 6+p COCT8BnHBT 0,5/15/, a B cny'IaB 

c 12 
-. H J 

1 
+ ., OHO rrepexona r IIpi!HliMClnOCb paBHb!M COOT 3BTCTBYJOWBMy 

OTHOl!Jel!li!O nnH BBpll!HHLI , KOTOpoe, C )!'naCHO naHHb!M 
116/ 

no peaKUHH rronxBaTa 
J 2 

C (p,d)C 
JJ 

0 COCTaBnHBT 0,6 

~13 TBOf>llll np - paCCBHHI!H ITpll Manb!X 3HBpi'IlHX MI•)!(HO H8HTH Bep-

WHHHYJO 'InCTb rrepexona d-•n+p • Ee BenH'IHHa, ' B 

nHHBilHOM rrpn6nH)!(BHI!H ITO aijJ4lBKTI!BHOMy panHycy r d pBBHa 

, rne K - BOnHOBOB 'II!Cno H:'KnOHOB B nefi-

Tpone, a r 
d 

4,10-
13 

CM, 3HCl'IBHI!B IIpHBBLIBHHOll lllllpllllbl 

nony'IBHHOB 113 COOTHOl!IBHliH MB)!(LIY I! 
82 /171 

p 

c senH'IHHoii 0,13 ::!:_ 0,02, uai'rneuuofi B uacTomuefi pa6oTe, 

82 
p =0,19, 

, cornacyeTcH 

8 l!IBCTOM CTOn6ue Ta6ni!Ubl 5 LIBHLI IIpOTOHHbiB Ilpi!I BLIBHHh!B !11Hpi!Hbl 0 

Hailaeuuhle B npyrnx pa6oTax. BHnHo, 'ITO rrony'IBHHhle uaAH aHa'IBHI!H 

2 
8 pgr HB IIpOTI!BOpe'IaT peaynbT8T8M 3TI!X pa6oT. 3TO ITO-BilnllMOMy, 

MO)!(IJO paCCM8Tpi!B8Tb KBK CBilneTBnbCTBO B ITOnb3Y noMil mpyJOUIBI'O BKna­

LIB rronJOcHoii nHarpaMMbi B rrpouecce p + A --> d + rr + B non yrnoM 6,5°. 

4T06hl yny'Illii!Tb OITI!CaHI!B llMITynbCHhlX CITBKTpOB J:lBHTpOHOB non yrnaMI! 

9,5° I! 13,5°, 6brnll rrpoBeneHbl p8C'IBTbi 0 y'IHTb!BBJOU!IlB aqijleKT rrepepaCCBH-

HilH TT - MB30HOB Ha OCTaTO'IHOM Hnpe, Bbi'IHCnBHI!H rrp0113BOJ:lllni!Cb Ha 

OCHOBB TpeyronbHOll nHarpaMMbl pi!C, 96, 

Ha pncyHKClX 2C H 3C ITOK838Hbl p8C'IBTHb!B Kpi!BbH> nnH yrnepona 

0 0 
npll () d = 9,5 H 13,5 • BnnHo, 'ITO yqeT rrepepacceHHH>I rr -Me3oHa 

Ha OCTBTO'IHOM Hnpe IIpHBOnllT K ny'IWBMy OITI!C8HHIO 8KCI13pHMBHTanbHhlX 

naHHbiX. B o6oHx cny'IaHx BKnan, o6ycnoBneHHbli1 aijJijleKTo 111 rrepepacceHHHH, 
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cocTaBnHeT aaMeTHy~ senuquny (oT 10% no 50% cyMMapHoro cneKTpa 

neiiTpOHOB B HU3KOUJ4nyJTbCHOH o6naCTU) 1 Torna K8K llJTH yrna (} d ~ 6,5° . 
(puc. 1) 3¢$eKT rrer epacceHHUH He urpaeT cyruecTBeHHoit ponu. HMrrynbCHhie 

crreKTpbi neitTpOHOB DT neitTepuH u Li 
7 

( CM, puc. 1-3) TaK)I(e Herrnoxo 

OIIUCb!B8JOTCSI B l8MK8X 3TOH MOll9JTU, l.fTO KacaeTCH 6onee TH)f(9Jlb!X 

Hnep ( Al Cu Rh u Pb ) , TO na)l(e c yqeToM rrepepacceHHUH Bhl-

qucneHHbie KpUBbie c,cTaJOTCH HU)I(e 3KcrrepuMeHTBJTbHbiX ToqeK, KaK y)l(e 

OTMeqanocb BbiWe, ~:necb cnenyeT cquTaTbCH c BKnanoM MHoroqacTUqHhiX 

rrpoueccoB, 

TaKUM o6pa3oH, 3¢$eKT rrepepacceSIHUH TT - M930Ha Ha OCTaToqHOM 

Hnpe, IIO-BUllHMOMy, HrpaeT CyiUeCTB9HHYIO pOJTb B ·,_M9X8HU3Me peaKUHU 

p + A - d + 71 + B rrpH 6onbmux yrnax BbiJTeTa neitTpOHOB, 
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