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BsaHMO)leltCTBl'Ie qacTHU cpe)IHl'IX I'! BUCOKHX SHeprult C BTOMHUMl'I H:)1-

paMl'I c onpe)leJieHHOlt BepoflTHOCT:&ID npHBO,m!T K C06UTHflM TaKOI'O THna, 
KOI')la pesKO HSM6Hfl6TCfl COCTOflHHe rpynn HS HeCKOJI:&KHX HYKJIOHOB fl)lpa: 
CYMMapHUlt HMIIyJI:&C rpynn OKa3UBa8TCfl 3Ha'l!HT6JI:&HO 6oJiee BUCOKHM, '116M 
xapaKTepHUlt HMnyJI:&C BHyTpHH,llepHorO.ABHllt8HHfl HYKJIOHOB B OCHOBHOM coc
TOflHHH H)lpa, a 3HeprHfl B CHCTeMe neHTpa Mace rpynnu SHa'l!HT6Jl:&HO npe
BUmaeT THilH'llHUe 3HeprHH CBfl31'1 HYKJIOHOB B fl)lpe. TaKoe HSM6H6HHe coc
TOHHHfl conpOBOllt)laeTcfl nepeXOAOM HYKJIOHOB rpynmt B HenpepUBHUlt cneKTp, 
o6paSOB8HH6M Ill'IOHOB H Jl8I'KHX H)lepHUX WparMeHTOB B KOHeqHQM COCTOflHHl'I, 
OcTaJI:&HUe HyKJIOHU H)lpa cpaBHHT8Jl:&HO MaJIO saTparHBaIDTCH B3amm,llelt
CTBHeM, H HX poJI:& CBOAHTCH K C03,llaHHID o6utero H)lepHOI'O noTeHUUaJia, B 
KOTOpOM ABHI'aIDTCH AO BUJI6Ta HS OCTaTO'qHOI'O H,llpa HYKJIOHU nepBolt rpyn
mt. IlpH HSy'lleHHH TaKHX H,!lepHUX co6UTHtt BOSHHKaeT PM BOnpocoB, coc
TaBJIHIDutHX OCHOBHOe C086PlltaHH6 npo6;new, paccMaTpHBaeMoll B AHCCepTa-

B!ll!= 
- KaKOBa BepOHTHOCT:& nepeAaT:& MaJIOHyKJIOHHOll rpynne 3-HMIIyJI:&C 

Burne ~300 MaB/c, yBeJIH'qHB npu STOM ee HHBapHaHTHYID Macey (5o;nee '118M 
Ha ~200 MaB? HBJIHIDTCH JIH IlOA06HUe co6UTHH pe)IKHMH HJIH OHH COCTaBJIH
IDT aaMeTHYID 'llaCT:& IlOJIHOI'O ceqeHHH B3aHMO,llettcTBHH 6UCTPUX 'llaCTHU C 
fl'APOM? 

- B KaKHX KOHKpeTHUX g/OpMax npOHBJIHIDTCH 3TH nponeccu, KaKHe 
Ha6JIIDt1aeMUe oco6eHHOCTH peaKuult MOlltHO CBH3aT:& c TaKHMH coy)lapeHHHMH? 

- CyuteCTBYIDT JIH onpe)leJieHHUe o6utHe CBOllCTBa, xapaKTepHUe AJIH' 
TaKHX coy)lapeHHlt? 

- KaKOB MexaHHSM npoueccoB? qTO HrpaeT B HHX OCHOBHYID POJI:& -
BUCOKOHMnyJI:&CHafl CTpyKTypa Ha'llaJI:&HOrO COCTOHHHH H)lpa, Cil8Ul'IWHqecKH~ 
MexaHH3M WOPMl'IPOBBHHH BHCOKOB036yllt,ll8HHWC MaJIOHyKJIOHHUX rpynn B XO)le 
peaKUUH HJIH BeyTpeHHHe CBOliCTBa caMHX MaJIOHYKJIOHHUX rpynn, o6yCJIOB
JI8HHUe 11 H83JI8M8HTapHOCT:&ID11 HyKJIOHOB, l'IX cnoco6HOCT:&ID K B036YJ!tA8HHID? 

- HaCKOJI:&KO AOCTynHU o6cyllt'AaeMUe npoueccu ,llJIH 3KCnepHM8HTaJI:&HO
ro HCCJI6AOBaHHfl Ha COBpeMeHHOM T8XHH'q6CKOM ypOBHe H KaK HaH6oJiee ne
Jiecoo6pa3HO 3MITHpnqecKH onHCUBaT:& HX? 

Uen:& HacToHmelt pa6oTH cocToHJia B aKcnepHMeHTaJI:&HOM uayqeHHH np1t
MUX fl)lepHHX peaKuult Ha Jl6I'KHX H,llpax IlOA )18ltCTBHeM npOTOHOB cpe)IHHX 
3Heprult B YCJIOBHHX nepe)la'l!H M8JIOHYKJIOHHUM rpynnaM l'IMITYJI:&Ca Burne 
300 MaB/c H SHepnm Bli!IJ8 200 MaB,a TaKllte aHa.JIHSe .D;aHHUX ,nmI BWICHeHHSI 
MexamISMa TBKHX pe8XUIIil 1I CBOfiCTB MaJIOHyK.nOlUWX rpynn,Y'IaCTBYl(llltl:DC . 
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AKTyaJILHOCTL rrpo6Jiew. BoaHHKHOBeHHe rrpo6JieW HCCJIGi'.{OBaHHH 
CBolfoTB MaJioHyirnOHHllX CHCTGM (Jierqaltnmx ff,1lep ujm KJiacTepoB B ff,1!pax) 
rrpu rrepe:z1aqe't1M 60JILIIIHX 11MIIYJILCOB H 8Hepr11l1 MOJK8T 611TL OTH8C8HO K 

KOHey soX roi'.{OB. B 8TO BpeMH 611Jil1 o6HapyJKellbl 8KCIT8pHM8HTaJILH118"WaKT11 
yrrpyroro_rrpoTOH-i'.l8l1TpoHHoro pacceHHHH Haaa:z1 (]eKcHH r.A~ !8T~,I957, 
32,c.445) H KM3Hynpyroro B116HBaHHH i'.{8l1TpOHOB H3 ff.1!8P IlOi'.l MaJil,IMH yr
JiaMH K ITY1lKY ITpOTOHOB cpe:z1Hel1 8H8prHH (AJKrHpel1 ].C. H i'.!Po !8N,I957, 
33,c.II86). O:z1HaKO B TeqeHHe MHT8JILHOrO BPGM8HH OCHOBHOe BHl1MaHH8 
rrpu uccne:z10BaHHH nprumx fl.Zl8PH11X peaKi:ml1 o6pa~anocL Ha 6onee npocT11e 
H 6onee THITHqllble HBJI8Hl1H, B KOTOPHX B3aHMOi'.{el1CTBH8 C H:z!POM MOJK8T 
611TL CB8i'.{8HO K coy:z1apeHHID HaJieTaID~el1 qacTHIU,I C 0Ti'.{8JILH11M ff.1!8PllblM HyK
JIOHOM JIH6o K lIOCJl8i'.{OBaTeJinHOCTH H8CKOJILKHX TaKHX coyi'.{apeHnl1. Cnyqan, 
He yKJiai'.{blMIDmHecH B 8TY npOCTYID cxeMy, OTHOCHJIHCL K paapff,1!y 8K30TH
qecKHX, a HX HHTeprrpeTal.lHH IIp8IlHTCTBOBana HenpHMeHHMOCTL KHUM HaH-
6oJiee pacrrpocTpaH8HH11X M6TOi'.{OB aHaJIH3a a:z1poH-ff,1!8pH11X B3aHMOi'.{8l1CTB11l1. 
CHTyal.lHH peaKO H3M8HHJiaCL B cepei'.{HHe 70X ro:z10B, KOri'.{a rrpn B11COKHX 
8HeprHHX HaqaJI HaKaITJIHBaTLCH 8KcrrepHM6HTaJinH11l1 MaTepHaJI 06 8MHCC11ll 
qacT11n B Kt1HeMaT11qecKol1 06JiaCTH, aanpemeHHOH i'.{JIH B3aHMOi'.{8l1CTBHH co 
CB060i'.{H11M HyKJIOHOM (K30). runoTeaa A.M.EaJii'.{HHa O MaCIIITa6Ho
HHBapllaHTHOM ITOB8i'.{8HllH MaJIOHYKJIOHH11X rpynn npu penHTHBHCTCKllX 8H8P~,, 
ruax, aHaJioruqHOM ITOB8i'.{8HHID 8JI8M8HTapHb!X qacTun, JierJia B OCHOBY llC
CJl8i'.{OBaHHtt B p8JIHTHBHCTCKOl1 ff.1!8PHOl1 Wll3llK8~ 0i'.{HOBP8M8HHO o60CTPHJICH' 
llHTepec ll K ff,1!8pllblM B3allMOi'.{8l1CTBllHM B ycJIOBllHX B11COKHX rrepe:z1aq 8H8p
ruu H llMllYJILCa MaJIOHYKJIOHH11M rpynnaM H npu cpei'.{HllX 8Hepruax. nocTO
llHCTBO 06JiaCTll 8Heprul1 i'.{0 _, I raB COCTOHT B TOM, qTo 8i'.{8CL, no cpaB
H8HllID C 06JiaCTLID 6oJiee B11COKHX 8Heprul1, OTHOCHT8JILHO H8B8JIHKO KOnH
qecTBO B03MOJKHb!X KaHaJIOB pacnai'.{a M8JIOHyKJIOHH11X CHCTeM~ 8TO Il03BOJIH8T 
paccqHT11B8TL Ha 8KCil8pllM8HTaJILH08 B11i'.{8JI8ID!8 onpei'.{8JI8HH11X KaHaJIOB pac
na:z1a~ C :z1pyrol1 CTOpoH11, 8i'.{8CL Jiyqme H3B8CTH11 CBOl1CTBa 8JI8M8HTapH11X 
qacTun, yqacTByromux B nponecce, qTo MO~eT o6nerquTD B11HMeHHe oco6eH
HOCTel1 B38llMOi'.{8l1CTBllH, npuc~HX llM8HHO MaJIOHYKJIOHH11M CHCTeMall ll He 
CBOi'.{llM11X K B3aHMOi'.{8l1CTBHID 0Ti'.{8JlnllblX CB060i'.{H11X qacTHn. B .HaCTOfillt88 
Bpeua Bee 6onee oqeBHi'.!Ha CBHSL o6cyJ!('Aaeuol1 npo6new c npo6neuott uay
qeHHH Hi'.l8PHOro B8~8CTM B ycJIOBHHX B11COKHX IlJIOTHOCTel1 H B036Yllt,1{8HHl1 
H C npo6JieMott Mac111Ta6HO-HHBapHaHTH11X CBOl1CTB 6apllOHH11X CHCT8M. Oco-
611!1 HHTepec B11311MIDT OJ!Wi'.laewe npoHBJieHHH KBapKOBllX xapaKTepHCTHK B 
Ma.JIOHYKJIOHH11X CHCT8Max npu Man&X OTHOCHT8JILH11X pacCTOHHHHX M8llt,lly HyK
JIOHa~. TaKHM o6pa30M, HCCJI8i'.{OMHll8 MaJioHyKJIOHH11X .CHCT8M npn B11COKIDC 
rrepe:z1aqax HM HMlIYJILCa H 8HeprHH HBJIH8TCH B HaCTOH~ee BpeMH Oi'.{HOil H3 
neHTpaJILH11X npo6neu ff,1!epHott wnauKn. 
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OCHOBHblE HAYl!HblE PE3Y]bTA Tb! 11 l1X HOH13HA 

I• BrrepBb18 8KcnepllU8HTaJILIIO uaytteH 11111p0Klll1 Kpyr npH.Mb!X _ff,1!epm,oc 
peaKi:ml1 lIOi'.l :z1el1CTBll8M npOTOIIOB cpei'.{HllX a11epr11l1 (36Q-670 MaB) B yCJIO
BllHX BblCOKllX nepe:z1aq a11eprllll ll HMlIYJILCa MaJIOIIYKJIOHH11M rpynnaM ( 11JKeCT
Kl18 coy:z1ape!!HH11 C MaJIOHYKJIOHHb!Mll rpyrrrraMn): 

f. IToJiytteH11 HOB118 i'.{aHH118 0 i'.{llcpqlepe11unaJILHb!X cetteHHHX npoTOH
MGPHblX B3allMOi'.{el1CTBlll1, rrpllBOi'.{flmllX K.HcnycKaHllID Jierqafimnx imep -

tf.1, 31-(, 3He, "He c a11epruel1 IS0-600 MaB~ 
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ITpei'.{JIOJKGHO llCCJIGi'.{OBaHll8 JKGCTKHX coy:z1ape11Hl1 C KJiaCTepaMH I llpll
BOi'.!Hmnx K paaBaJiy KJiacTepoB C nc11ycKaHll8M 6blCTpb!X HYKJIOHOB. l1aMepeH11 
Oi'.{HOttacTHt{llbl8 H i'.{ByxttacTHql!bl8 cetteHHH ucrrycKaHHH npOTOIIOB B KHHeMaTH
t{6CKOl1 06JiaCTH, aanpe~e1111ol1 npu B3allMOi'.{GHCTBllll co CB060i'.{llb!M HYKJIOHOM. 
0611apYJK8Ha yrJIOBaH ll 8HepreTnqecKaH KoppeJIHUHH B 8MllCCHH i'.!BYX rrpOTO
HOB, COOTB8TCTByIDmaH KM3HCB060i'.{110My coy:z1ape11nro C HYKJIOHl!Ol1 rrapol1 

H.l(pa-Mlllll8Hll. 
. 3. ITp8i'.{JIOJKeHa ll ocymecTBJl81!a MGTOi'.{HKa HaMepeHHH TpexttaCTllqHl,IX 

i'.lH~epeHI.1HaJinH11X cette11nl1 ncrrycKal!llfl 611cTpb!X IIPOTOHOB B YCJIOBHHX B11-
COKHX aarpyaoK CUHHTHJIJIHUHOHHl,IX i'.{GT8KTOPOB. BnepBble Ha6mo.1{8Ha pE)aKUHH 
KBaancBo6oAHoro B116HBaHHH rrpoTOHHol1 napu ff.1!pa (peaKUHH ( f, Jp )) B 
KHHeMaTnqecKHX ycJIOBllHX, 6JIH3KllX K YCJIOBl1HM yrrpyroro rrpOTOH
i'.{Gl1TpOHHOrO pacceHHHH 11aaa:z1. l1aMepeH11 yrnoB11e n aHepreTnqecxne aa
BHcnMocTH i'.lllil),IlepeHI.1HaJinHoro cette11na peaKI.IHH ( p , -.3p ) Ha a:z1pe yrnepo:z1a 

B 8TllX YCJIOBHHX. 

Il • IloJiytteHl!bl8 8KcrrepHM8HTaJILHbl8 i'.{aHHble llpOaHaJIH3llpOBaHbl B paMKax 

H8CKOJILKHX TeopeTnqecKHX t!Oi'.{eJiel1: 
!. Ci'.{eJiaH Pff.1! aaKJIIDt{8Hlll1 0 pOJill OTi'.{8JILHblX MexaHll3MOB (Oi'.!HOKpaT

HOe paCC8HHll8 Ha B11COKOllMITyJILCHblX HyKJIOHaX Hi'.{pa,, pacceHmle Ha 11 CKOp
peJillpOBaHH11X KJiacTepax", xacKai'.lHble rrpouecc11 u :z1p. )" B uayttaeMUX npo

ueccax •. 
2. Ilpei'.{JIOJK8HO il)8HOM8HOJIOrHqecK08 onuca11ue JKeCTKllX coy]{apeHHH 

rrpoTOHOB C KJiaCTepaMH. BrrepB11e rroKaaaHa B03MOJKHOCTL CBH3aTL M8JK]{Y co-
6ol1 8KcnepHM8HTaJII,H118 i'.{UHHbl8 0 ]{H\W)epeHI.1HaJILHb!X cetteHHHX 3MllCCllll ttac
Tlln B K30 i'.{JIH ueJioro PH]{a rrpHM11X MGPHblX peaKI.IHl1 ITO]{ ,1{8l1CTBllGM llpOTO
HOB cpe,l{Hel1 8Heprun. OueneHbl rrapaMeTp11 li)GHOMGHOJIOrHqecKoro OIIHCaHHH 
JKGCTKHX coy]{apeHHl1 C MaJIOHyKJIOHH11Ml1 rpyrrrraMH B ff,1!pax. ITpe]{JIOJKGHO pac
cMaTpllBaTL TaKlle xapaKTepncTHKll JKGCTKHX coy]{apeHHl1,KaK pacrrpei'.{eJieHne 
ITO llHBapllaHTHOli Macce MaJIOHYKJIOHHOtt rpyrrrr11 B KOHGt{IIOM COCTOHH11ll H rre
pe:z1aqe el1 norrepettHoro llMllJJILCa B KatteCTBG BHYTPGHHel1 xapaKTepllCTllKll 
MaJIOHYKJIOHH11X rpynrr, CJia6o aaBHCHmel1 OT YCJIOBllli 8KCIT8pllMGHTa. 
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ITpaRTl1qecKaH U8HHOCTI, pa60Tbl orrpeAeJIH8TCfl cne.ey1011111M: 

I. IIonyqeHbl 3KCrrepl1MeHT3JII,Hble ceqeHl1fl rrpOTOH-Mepm,IX B3al1MOAeii
CTBl1li C 11crrycKaH11eM rrpOTOHOB U Jierm1x M8PHb!X i.(JparMeHTOB B paHee iie-
11CCJieAOB3HHOli Kl1HeMaT11qecKoit 06JiaCTl1. 8Tl1 AaHHble MoryT Ob!TI, 11CIIOJII,-
30B3Hbl AJJH rrpoBepKl1 HOBb!X TeopeTll'l0CKl1X MO'AeJJeit OIIl1CaHl1fl MaJIOHYKJIOH
HblX Cl1CTeM B YCJJOBl1flX 11HBapl!aHTHOit rrereAaq11 11M 3Heprl1ll B 200-300 MaB 
rrp11 rrepeAaqe 3-iamynI>ca B l,5-4,0 cl>M- • 

2. HaitAeH MeTOA pacqeTa A11W~epe~u;11aJII>Hb!X ceqett11it aM11cc1111 rrpoTo
HOB, IIl10HOB, @parMeHTOB, II03BOJifll011111il oueHl1BaTI, 3Tl1 ceqeHl1fl B YCJIOBl1-
HX JKeCTKOro ·coyAapeHl1fl rrpOTOHOB C KJiaCTepaM11, qTo MOJKeT Ob!TI, ITOJie3-
Hb!M AJIH IIJJaH11poBaHl1fl HOBb!X 3J<CITepl1MeHTOB. 

3. lI0Kaaa11a (Ha rrp11Mepe peaKu1111 ( p , 3p)) rrpaKT11qecKaH B03MOJK
HOCTI> 3KCKJil0311BHOro ITO'AXOAa K 113yqeH1110 JKeCTKl1X aApOH-KJiaCTepiihlX coy
AapeHl1it. 8TOT @aKT OTKph!BaeT lli11pOKOe IIOJie AJIH HOBblX 3Kcrrepl1M8HTaJII>
HblX 11CCJI8AOBaHl1li rrp11 cpeAH11X 11 BhlCOKl1X 3Hepr11nx. B qacTHOCTl1, rrpeA
CTaBJifleT 11HTepec rrpHMoe 11aMepe1me pacrrpeAeneH11ii rro 11HBap11aHTHoi1 Mac
ce 11 rronepeqHoMy 111,mynney MaJIOHYKJJOHHb!X rpynn B KOHeqnoM COCTOHHl111 
JK8CTKl1X coyAapeHl1it 11 rrpoBepKa npeAJIOJK8HHOli B Al1CcepTau1111 r11rr0Te3bl 0 
cnaoon 3aBl1Cl1MOCTl1 3Tl1X pacnpeAeJieH11it OT YCJJOBl1tt JKeCTK11X coyAapeHl1li 
(aHepr1111 11 T11rra 11Hl11.1)111py10men qacT11IU,I, a TaKJKe_T11na Mpa-M11mett11). 

8Kcrrep11MeHTaJII>Hble AaHHble, Bb!HOCl1Mble Ha aam11Ty, nonyqeHbl Ha 

c11HxpoU11KJJOTpoHe Ra6opaTop1111 HAepHb!X rrpooneM Ol1Hl1 B 1971-l978 rr no 
11Hl1Ul1aTl1Be 11 noA PYKOBOACTBOM aBTOpa HayqHoll rpyrrnon COTPYAH11KOB 
Ra6opaTop1111 11 W11ijl1KOB 113 UeHTpanI>Horo 11HCTl1TyTa MepHblx 11ccne'AOBatt11it 
(PocceHAOPW, rnP). naHHble 06 3M11CCl111 Ob!CTpb!X ©parMeHTOB nonyqeHbl B 
1971-73.rr rpynnon nOA pyKOBOACTBOM aBTOpa COBM8CTHO C HayqHoit rpyn
rron O.B.CaBqeHKo. ~eH0Mettonor11qecKaH MoAeJII> AJJH on11can11H A11wwepeH
u;11anI>HblX ceqeH11it 3Ml1CCl111 qacT11U B JK8CTKl1X coyAapeHl1fllC C KJJaCTepa!.111 
IlP.eAJIOJKeHa aBTOpOM 11 paapa6oTaHa B 1978-80 rr COBMeCTHO c r.MJOJIJiepoM. 

Anpo6au11H pa60Tbl 11 rry6Jil1Kaµ1111. OCHOBH!Ie MaTep11aJibl A11CCepTa1.1)111 
ony6JJl1ROBaHII B pa6oTax/l-25/, AOKJI3Ab!BaJJl1CI, Ha lli8CTl1 MelKAYHaPOAHblX 
KOHWepeH1.1)1flX 11 Cl1Mil0311yMaX 11 o6cyJKAaJI11Cl> B pannopTepcKl1X AOKJiaAaX Ha 
M8lK'AyttapOAHb!X.KoHWepeHU11HX rro w11a11Ko Bb!COKl1X attepr11tt 11 cTpyKType M
pa (,lJ,,y6Ra, l97I; Zurich, 1977; Vancouver; 1979). lvtaTep,iaJlll pa60TH AO

KJiaro,IBaJil1Cl> aBTopoM Ha ceM,rnapax mrnn, l1T8<I>, l1Hl1 AH CCCP, Ha ceccirnx 
OHcl> AH CCCP 11 yqeHblX coBeToB Ol1ffill, Ha Bceco10atto1A ceM11ttape 11l1ayqeH11e 
CTPYRTYPli MOP B peaRUHHX np11 BhlCOKllX :meprl1HX11 (RemrnrpaA,1975)' 
ITpo6JI6MHOM ceM11Hape 11:$3a11MOAeitCTBl1fl tiaCT11U 11 fl'Aep B11COKon 3Hepr1111 C 
fl,IUl8.MH 11 (TamKeHT,1978) ,Ha 2-M BcecOJ03HOM CamHape IIO nporpaMMe HCCJie-
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AOBatt11n Ha Me30HHOli W36p11Re l1Hl1 AH CCCP (MOCKBa, 19~1), a TaJOKe 
B neRW!HX Ha XIY Sm.men mRone Jll1Hcl> (1979) 11 MelKAyttapo'AHOli mRone no 
CTpyRType MPa (AJiymTa, 1980). 

CTpyRTypa pa60T11. nnccepTa1.1)1H COCTOl1T 113 BBeAeHl1H1 IlflTl1 I'JiaB, 
aaKJIJOqeHl1fl 11 npl1JIOJK8Hl1H, 113JIOJK8HHblX Ha 283 CTpaH11uax, BKJIJOqan 90 p11-
cyHROB, 28 Ta6JI11U 11 274 6116JillOrpaw11qecR11X CC11JIKl1 (Ha 17 CTpaH11UaX)~ 

KPATKOE conEPJKAHl1E PAEOTbl 

B nopBOit I'JiaBe onpeAeJIHOTCfl npeAMeT 11CCJieAOBaHl1fl 11 OOCYJKAaJOTCfl 
3RCrrep1111eHTaJJI>Hble 'AaHHI,10 0 npOTOH-MepHb!X peaRUl1HX, np11BOAH11111X K 11c
nycKaHl1IO Ob!CTpblX JierRl1X WparMOHTOB •. 

ECJil1 11Hl1W111PYJ01118fl 3JieMeHTapHafl qaCTl1U3 
ce11BaeTcH MaJIOHYffJIOHHott rpynnott (MHr) 113 l 
cocTaB H'AP~ c MaccoBb!M q11cnoM A~! : 

a, +[AN]~ a! +{I.II)* I 

a, C 11llllYJil>COM fo pac
HYHJIOHOB, BXOAflUleit B 

(l) -TO MHr nonyqaeT orrpeAeJieHHblit 11MnyJII>C f:4,if'l1 yBeJI11q11BaeT CBOIO l1HBa-
p11aHTHYJO Macey~ ITpeHe6peraH 11MilYJil>COM MHr B 11CXOAHOM Mpe 11 OTJil1q11eM 
11HBapl1aHTHOit (a(WleKTl1BHOtt) Macc11 HaqaJII,HOI'O COCTOHHl1fl MHr OT BeJI11q11H11 
CyMMbl Mace ! mN, BXOAH11111X B Hee HYRJIOHOB, 111.1eeM AJIH nepeAaq11 llp 
3-111mynI>ca MaJIOHYRJJOHHoti rpynne attaqem10 ilp = /~ - f'/ , a 
AJIH yBen11qeH11H tM ee .11HBap!,!aHTHoit Maccu: AM= M,n~ {{4N),..)-A.m~. 
l1HBap11aHTHafl Macca MHr B ROHeqHQM COCTOHHl111 MOJKeT Oh!TI, Hai1AeHa, RaK -06hlqHo, 3RCnep11MeHT8JII,Hb!M 113MepeHl1eL! 11MITYJJl>COB Pf . (11 IlOJIHblX ::rnep-
r11tt af) BCOX qacTl1U ROHeqHQI'O COCTOflHl,lfl npouecca (l), RpoMe pacceHH
HOH 11Hl11.1)111PYJO~en qacTl1IU,l (n1160 ITPOAYHTOB ee wparMeHTaU1111): 

" ){("' ')~ ( ,.. .. "J'/1, Mu,.,.dlr-1)" . L E,f - - 2 P-1) 1.Jl1CJIO nt 3Tl1X qacT11U MOJKeT 
C5b!TI, RaK paBHblil•f ! , ec~' Cl1CTOMa •a t/)ffr COCTOl1T B ROHeqHQM q11cne 
TOJil>RO l,13 HyRJIOHOB: 

(!N),.-? N-1 + ••• +NL, (2) 

6onI>me qeM l ecJil1 HaOJJJOAaOTCfl pOl1t'AeH11e HOBblX qacT11n, Hanp!,!Mep, 

(ltl) 1t _,,. 1'11 + • • • + ti~ + ;h, (3) 

Jil160 MeHI>me qe1,1' 1 ' ecJil1 qacTI> HYRJIOHOB KOHeqHoro COCTOHHl1fl ORa8bl~ 
BaOTCfl B. CBH3aHHOM COCTOHHl111 B B11AO JierROI'O MapHoro (l)parMeHTa Ip , 
Hanp11Mep, (AN)*~ /11

1 
+ ••• + N,_t + fp. (4) 

CJie'AyeT Olitl1AaT1>, qTo c pocToM attaqe1ratt llp 11 AM B npouecce (l) 
HYRJIOHhl 11CXOAHOit rpyrrn11 AOJIJKHhl BCO 6onee TepHT1, CBOIO 11H'Al1Bl1'AYaJII>HOCTI,, 
11 Cl,lCTeMa HYRJIOHOB OYAOT BeCTlrl ce6H KaR ueJioe, npOHBJiflfl onpeAeJieHH118 
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xapaKTeprnrn cBoilcTBa. B KattecTBe rpaHllttHb!X aHattem1ii npe,llcTaBJI.ileTC.il 
paayMHblM l,ICITOJII,30BaTI, 

Llp > '1P1ie ~ l ,S -l>M-I, (Sa) 

Ll.M > .1 M1,c. !:! 200 MaB. (56) 

(Coy,llapemrn (I) npll YCJIOBll.ilX (5) ,l!Jlfl KpaTKOCTll Ha3li!BalOTC.il lK8CTKl,ll.lll 
coy.ztapeirn.flMJ,I ttaCTl,11.U,l C MaJIOHyKJIOHHOll rpynnoti)~ B 3TOM CJiyttae mrneMa
Tl'JtI8CKl'I 06ecneq1,1BaeTC.il ITOJiytteHl'Je 0H~OpMau1,11,1 0 ITOBe,lleHl'Jll MaJioHyKJIOH
HblX rpynn B KOHipl'JrypaU!,1.ilX C ITJIOTHOCTI>IO, npeBhlma10~en HOpMaJil>HYIO .ll,llep
HYIO IlJIOTHOCTI, (cpe,l!Hee MelltHyKJIOHHOe paCCTO.ilHlle B OCHOBHOM COCTOflHl'JJ,I 
.ll,llep lNtt i:: I, 7 ~M > l z "/4p,,; O, 7 \T1M). C ,llpyrol1 cTopoHbl, B JKecT
KllX coy,llapeHl,l.ilX (!C) CTaHOBl,ITCH B03MOlKHblM llHTeHCl'IBHOe B036YJK,lleHH8 
caMllX HyKJIOHOB, TaK KaK YCJIOBH8 (56) 3HepreTHtI8CKll o6ecnettHBa8T pollt
,ll8Hl'J8 peaJII>HblX ITllOHOB l'J B036YJ!t,ll8Hl'l8 HH3mero 6apl'IOHHOro peaoHaHca 
,d (3/2, 3/2): MA-(m11 +1ti) = 176 MaB"'-llM,,e.(.294 MaB= MA-m,1• 

KHHeMaTHttecKH ,llOITyCTl'IMblM,CTaHOBl'ITC.il l'I npOHBJI8HllO KBapKOBblX atOO)eKTOB, 
T.K. o~aeTCSI {MaTBeeB B.A. ,Cop6a II., Nuovo Cim., 1978,4::iA,c.257} ,tITO 
HecTpaHHble 6- ll 9-KBapKOBhle Cl'ICTeMH llMelOT aHeprlllO Ha 200-300 MaB BU
me eyMMbl Mace, COOTBeTCTBeHHO ,l!Byx l'I Tpex HyKJIOHOB. 3HaqHTeJII>HliH 
l'IHTepec.npe,llCTaBJIHeT i TO 06CTO.ilTeJII,CTBO, tITO npoueec (I) npll YCJIO
Bll.ilX (S) ,lleJiaeT B03MOlKHOH 3MllCCllID qacTHU B Kl'IH8MaTlltI8CKOH 06JiaCTll, 
aanpe~eHHOH ,!!JI.fl B3al'IMO,ll8HCTBl'l.il co CB060,llHblM HyKJIOHoM: Enaro,llap.il 3TO
uy npll noBumeHl'IH Haqan1,Hoii aHeprm1 Bume~I.raB npoueeeu TaKoro po,lla 
npllBO,ll.ilT B o6JiaCTI, 11KY14YJI.ilTl'IBHOro 3\P.P8KTa11 , '.l!.e~ o6paaoBaHl'IH qaeTllU 
aa rpaHllrtalffl O,llHOttaeTlltIHOH KllHeMaTllKll, xapaKTepHayeMoro MacmTa6HO
llHBapHaHTHb!Mll CBOHCTBaMR (EaJI,llllH A.M. B KH.: Tpy'IIJ,l_Y Me~,ll~ ceMl'JHapa 
no npo6JI~WHaHKll Bhlc.aH. OV!ffil nr,2-I2036,.lly611a,I978,c~II): 

YeJIOBll.il (5) uoryT 6blTI> 06ecneqem.1 npll paceeHHl'll'I npoToHoB, yxe 
Hat11rnan c aHeprl'ltt 7;, OKOJIO 300 MaB (B Jia6.e. ). B ,llllceepTaUl,IOHHhIX 
pa6oTax 3KenepllM8HTaJII,HO HayttaJil'ICI, np.llMhle peaKUl'IH, B KOTOpb!X MMeeT 
MeCTO coy,llapeHl'le (I) no,ll ,lletieTBHeM npOTOHOB cpe,l!Hett 3HeprllH npll yc
JIOBllll (S). 3Hat{llTeJII>l!lle npellMy~eCTBa ,llaeT ll3ytteHlle TaKllX peaKUl'IH B 
ycJIOBll.ilX, 6Jill3KllX K yeJIOBll.illl ynpyroro pacce.ilHll.il npoTOHa MaJIOHYKJIOH
HOH rpynnol-111a rao0• B aTou cJiyqae o6ecnetIHBaeTcn Bbl,lleJieHHe XC H3 
~OHOBhIX npoueceoB, a llHTepnpeTaUl,l.il peayJII,TaTOB 06JierttaeTe.il B03MOlK
HOCTI,IO llCllOJII,30BaTI, HMeID~l'leen TeopeTHtI8CKlle npe,lleTaBJI8HllH 06 ynpy
roM npoTOH-.ll,llepHOM pacce.flHl'Jl'I Ha3a,ll. Bee 3KcnepHM8HTU, onHehlBaewe B 
,lll'ICcepTaUl'IH, 6UJil'I noeTaBJI8Hli llM8HHO B 3Tl'IX YCJIQBH.ilX. 

Ko BpeMeHl'I HattaJia onHeb!BaeMblX pa60T (I97I) 8,llllHCTB8HHUMH 3KCne
pHMeHTaJII,HHMl'I ,llaHHHMl'I O llteCTKHX coy,llapeHl'l.ilX npH cpe,llHHX 3Heprl'IHX 6hl
Jil,I ,llaHHble 06 ynpyroM paccenHl'IH Haaa,ll npoTOHOB .il,llpaMII "H , 3He, "He. 
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n KBa3HynpyroM BU6imamrir 3TVJX .ll,llep llO,ll MaJihlMH yrJiaMH K nyqKy • Oco6ym 
poJI1> cpe,mr aTHx npoueecoB HueeT npocTeilmHl-1 cJiyqal-1 !C - ynpyroe fol
pacce.flHVJe naaa,ll: 

p+ol ➔ p(0p) f d(0d}; (0p~ /go: 0d~O°J. (6) 

3Hat{VJT8JII>HYIO B8pOHTHOCTI, Ta~oro pacce.flHVJ.il npH epe,llHllX 3Heprll.ilX (]eK
Cl'IH r.A. i8T\T1,I957,32,c.445) 6hlJIO npe,llJIOlKeHO 06~.ilCHHTI, llO,llXBaTOM 
HyKJIOHa C ,llOITOJIHHTeJII,Hbl11 o6MeHOM ITllOHOM (TpeyroJI1>Ha.il ,llHarpaMMa 
Kpa,lllltll-YHJIKHHa, 1969). TaKol-1 MexaHHSM npe,llcKaauBaeT MaKeHMyM B6Jll'JaH 
650 MaB B aHepreTHqeeKol-1 aaBllellMOeTH cetI8Hllll paeee.flHll.il ITO,!! aa,llaHHblM 
yrJIOM B6JIH3ll 1so0• Hal.Ill 6hlJIO npe,llnpllHHTO nepBoe Cl'ICTeMaTntteeKoe 1'13-
MepeHHe TaKol-1 aaBllCHMOeTH/I/. neilTpOHhl OT,llattl'J perHCTpllpOBaJilleI, llO,ll 
yrJIOM s,s° K nyt{l(y l'J aHaJil18llpo:san11e1, B MarHllTHOM cneKTpOMeTpe e 
H,lleHTllWHKaU11ett ttaCTHU no BpeMeHll nponeTa l'I y~eJII>HblM llOTepHM 8Hepr1111 
B eUl,IHTllJIJIHTOpax ctteTttllKOB. 8KenepHMeHT TIOKa3aJI, tITO MaKCllMyMa B 
3HepreTHtteeKoit aaBllCllMOeTll ceqeHllH OT 360 ,llO 670 MaB HeT. 0,llHaKO 
epaBHeHlle C pe3Kl'IM poeTOM eeqeuHH Hllllte SToro l'IHTepBana l'I 6hlCTpb1M na
,ll8HlleM Bhlfile Hero o6HapylKl1BaeT -tteTKYID aHOMan11ro:B auepreTllttecKott aaBH
ellMOeTH B Bll,lle "nJie.qa" npl'I SHeprllHX ,., 400-650 !AaB~ Eonee TOttlllle 113-
MepeHll.il, BblITOJIHeHHhle 3HatIHTeJII>HO IT03lKe . (1977-1978 rr) Ha Me30HHOH 
i;pa6pHKe ]oc-AJiaMoea,no,llTBep,lll'IJIH 3TOT peayJII,TaT. B TetteHlle npo,llOJilKl'I
TeJII>Horo BpeMeHH aaum ,llaHHhle 11cnon1,a0Ban11c1, np11 anamrne MexaHl13Ma 
ynpyroro pd -paceeHHliH Haaa,ll np11 cpe~HllX aHepr11HX. B pa6oTax KoH
,llpaTIOKa ].A. 11 ,llp. (H~,1977,26,e.294) 3HepreTHtteeKaH 11 yrnoBaH aaBlleH
MOCTH B (6) 6hlJill OITHCaHhl npll ytteTe ITOJIIDCHOti ~llarpaMMbl ITO,llXBaTa ueti
TpoHa H ,llHarpaMMU ,llByKpaTHoro paeceHHHfl c Ll -11ao6apotl B npmrnlKy
TOt{HOM coeTOHHllll. ITocJie,llHHH ,llaeT OCHOBHOli BKn~,ll npll SHeprllHX B6Jill3H 
650 MaB, a l'IHTep@epeHUHH ,llllS.rpaMM -paal,!blBaeT KBaa11pe30HaHeHhlit BKJia,ll, 
BblPOlK,llaH ero B "nnetto" .- B uenoM, MOJKHO KOHeTaTllPOBan, tITO 11eene,llo
BaHHe paeeeHHH.il (6) npVJBO,lll'IT K CJie~YIOlllllM aaKnroqem1.1IM, ]l8.lKHblM ,llJifl no
Hl'JMa!lllH MeXa!lll3Ma lKeeTKHX coy;,iapeHHti ripOTOHOB e MHr: a) O,llHOKpaTHOe 
pacceHHlle Haaa,ll Ha Bb!COKOttMnyn1>cHb!X HyKJIOHax- ,lleHTpoHa ,llaeT HeaHattH
Ten1>Hblit BKna,llB eeqeHtte; 6)_HeynpyrHe npoueccu :e_npoMelKyTott110M coc
TOHHHll 11rpa10T ,llOMllHHpyro~yro poJI1>; B) on11caHHe (6), ~oeT11raeMoe c no~ 
MO~l>ID COB9KYTIHOeTH H8CKOJII,~liX W8ilHMaHOBCKllX ,llHarpaMM (6ea ytteTa 
KBapKOBhlX oco6eHHOCTett MHr), llMeeT Jil'lillI, KatteCTBeHHhlH xapaRTep. 

EeJIH MexaHHSM KBaaHynpyroro Bbl6HBaHH.il ~eilTpOHOB ITO,!! MaJ!hl!.!ll yrJia
Mll 0d K nyttKy: 

f +A - N
1
_+d(0a1}+(A-t)* (7) 

aHaJiorntteH MexaH113MY paceeHHll.il (6), CJie,llyeT OlKl'l,llaTI, eoBna,lleHllH 3Hep~ 
reTHtteCKOH 3aBllellMOeTH eeqeHH.il 3TllX npoueceoB, no KpattHel-1 Mepe, ,!!JI.fl 
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nerKl1X fl,l\ep-M IllleHeii, r]ie 11CK3l!l8Hl1e BOJIH tJ3CT11U, yqacTBYIO!I!HX B (I), 
e~e He OtJ8HJ, CY!I!6CTB8HHO. HalllH 113MepeHml2 , 5/ npH 380-670 MaB noKa-
3aJil1, tJTO TaKoe COB!Ia]ieH11e ]i8HCTBl1TeJJ1>HO m,ieeT MeCTO: OTHOIJleHHe . ce
tJeHHl.t o6paaoBaHHH ]i611TpOHOB IlOi'i yrJIOM 5,5° B_npoueccax {7) H (6) 
cna6o 33BHCHT OT HatiaJJ1>HOH aHeprHH (cM.pHc.I)~ 

! a-•u 
, o-'u 

0-'Be ..,._"C 

! 1_T_:"f-_+j 
~ - -'Be ----

~Ii --~------=.-'-- ---i:;-- T 

~1 
300 500 700 900 - 1100 

Tp,MoB 

Tue.I. SaBHCHMOCTI, OTHOIJleHHH 
i'iHWwepeHUH3JII,HblX cetI6HHH o6paao
B3Hl1H ]i8MTpOHOB B (7) 11 (6) IlO]i 
yrJIOM 5,5° OT aHeprm,t T0 na]iaIO
mHx npOTOHOB/21. 

npyrHM npOHBJieHl16M l!leCTKHX coy]iapeHHii npoTOHOB C KJiaCTepaMH MO
l!l6T cnyl!IHT:r, aMRcc11a 6blcTpwc fl,llep 3 H , 3 He 11 _ v He noi'i Ma.Jih!MH yrnai.m 
K nytJKy • CneKTpbl STHX H]iep H 3 MRIJleHeii • Li • !I Be l1 '~c 6b!JIH H 3Me
peHh! HaMH IlOi'i yrJJOM 5,5° K nytJKy npOTOHOB 665 MaB/3, 5/ Toti )!(6 MeTO
i'iHKOii, tJTO 11 B 3KcrrepHMeHTax C ]ieiiTpoHaMH. Orrb!Tbl TIOKaaaJIH, tJTO ce
tJSHHH MOHOTOHHO B03pacTaIOT np~, CHl1)!(8f!Hl1 3HeprHH cpparMeHTOB HH)!(8 06-
JiaCTH KBa311ynpyroro Bbl6HBaHHH (p11c.2). TaKoe IlOBe]ieHl16 CTieKTpOB Ka
tJeCTBeHHO MO)!(HO 06'.bHCHHTI, TeM, tJTO, K~OMe BKJia]ia npouecc_OB KBa3HCB0-
60i'iHOro pollt,1leHHH nHoHoB Ha KnacTepaxl , 5/, HMeeT MecTo pa3BaJI KJiac
TepoB nocne !Cc o6paaoBaHHeM B npouecce (I) 6onee tJeM i'iBYr- tJacTHU 
B KOH6tJHOM COCTOHHHH: 

p+[{A•f)N] -N1 +N~ + A;- } 
Pt-[(l+L)N]- N1 +rl,_tN3 +lf! 

~~ -[-lN] ~-$+N1 t- 4F } 

f_ +_ ((~+!~NJ~7i+rlt +N:, + ip . 

{Sa) 

(86) 

06cyx]iaewe npoHBJJ6HHH !C, conpOBOJK,lta10mHXCH 3MHCCHen 6blCTpblX 
wparueHTOB, xapaKTepH3YJOTCH Bec:r,w HH3KHMH AH;W.lepeHUHaJI1>HblMH ceqe

.lll'llllm, 6ucTpo na]ia10mHMH c pocToM KaK uaccoBoro tracna wparMeHTa, TaK 
ll Haqan:r,Hott BHeprHH~ Ma 3Toro, Oi'iHaKo, eme H6R1>3H Ci'i8JiaT:r, B~BOi'i O Ma
non BepOHTHOCTH xeCTKHX coy]iapeH11tt B odmeM cnyqae: 11cnycKaHH6 wpar
MeHTOB B YCJIOBHfOC IC MO~eT 6b!TI, IlOi'iaBJI6HO ll3-aa Manon BepOHTHOCTll o6-
pa30BaHHH CBH3aHHOrO COCTOHHHH Lr B CHCT6M6 HYKJIOHOB, i'inH KOTOpb!X 
nocn0 xecTKOro COyi'iapeHHH CTaHOBHTCH i'iOCTyITHblU 3HatIHTeJI1>Hblii W330Bblti 
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· PHc.2. 

Tl1Ill1tJHhl6 cneKTpbl ,pparMeHTOB 
c aHepr11eti OT ISO i'iO 600 MaB, 
HcnycKaeMhlx IlOi'i MaJJblM yrJIOM K npo
TOHHOMy nytJKy/S/. 

06:r,eM. B CJJe]iy~mHx rJiaBax ]iijCCepTaUHH paccMaTpHBaIOTCH )!(8CTKl1e COYi'ia
peH11H, Hi'iym11e no KaHanaM {2) HJIH {3), B KOTOpb!X TaKoe IlOAaBneHHe OT
CYTCTByeT. IlepBoe npe]iJJOXeHH6 llCCJI6i'iOBaT:r,,!C, rrpHBOi'iHmHe K SMHCCHH 
HyKJIOHOB B Henpepb!BHOM crreKTpe, 6blJIO C]ieJiaHO B 1972 r., KOri'i3 aBTO
poM 6b!JJO npe]iJJ0)!(6HO 113ytJaT1> Tip!Th!Oe Bbl6HBaHHe IlpOTOHHOll napbl H3 Mep 
rrpoToHaMH.B ycnoBHfOC, 6JIH3KHX K ycnoBHHM yrrpyroro pd- pacceHHHH 
Ha3ai'i/IO/. 

Bo BTOpon rJJaBe OITHCh!BaeTCH 113MepeHl1e Oi'iHOtJaCTHtJHblX i'iBOiiHblX ]iHgJ
wepeHUHaJJ1>HblX ceqeHHtt 11CilycKaHHH 6blCTpb!X IlpOTOHOB C aHepr11ett OT 50 
i'iO I45 IJaB IlOi'i yrJiaMl-1 OT ros0 i'iO I60° K rrytJKy npOTOHOB 640 MaB-B HH
KJII0311BHOtt peaKUHH 

p+A---'?p+X. (9) 
naHHble TaKoro poi'ia Ha nerKHX fflipax-MHllleHH npH cpei'iHHX aaeprHmc i'iO Ha
lllHX 113MepeHHll OTCYTCTBOBaJIH. Oilb!Tbl TIPOBOi'iHJJHCI, C IlOMom:r,10 CUHHTHnJJHUH
OHHOro cneKTpoMeTpa T11na (AT, T , AC ) • CneKTpbl, nonyqeaHble c yrne-
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PO.ltHOfi MHmeHbID, npHB8,lt8H11 Ha pHc.3. Bhlno ycTaHoBneHo, qTo cneKTpbl B 
pemlTHBHCTCKH HHBapHaHTHOll iI>opMe ff.;)= £ { F~°",. r"dJ,6 /{dfl Jp) 
HM8IDT 3KCnOH8HiniaJII,Hb!ll BH,lt: J 

MJ:: A('') e;:,p (-A~ p1-), (IO) 

npnqeM na~aMeTp HaKnoHa cneK;poB AM BospacTaeT c pocToM yrna 
3MHCCHH/l I. 1 

-'Ii. 
,1:> 
IQ 

"' :::;: .. 
z 
" 

to.:i· 

11.5° 

~~1, t: ~" ''-~-·~,. "''4122• 
~ ~- · -~, ,t/ .. '¼!•8~ 

130° 

10" 
14.0° 

60 80 100 120 140 
T0 ,M38 

Pirn.3. 

~BOllHhle ~<W>epeHuHanbHble 
ceqeHHH 3M~CCHH.npOTOHOB B 
peaKUHH (9/161. 

B 3TOM OTHOme!lllH 3MHCCHH npoTOHOB B sa.itHell nonyc/I>epe BnonHe aHanorHq
Ha TOMY, qTo HSBeCTHO npH BblCOKHX 3HeprHHX. Elino ycTaHOBR8HO TaK~e, 
qTo napaMeTp HaKnoHa cneKTpoB, Hsuepnewx no.it onpe.zteneHHblM yrnou 
(140°), saMeTHO H3ll8HH8TCfl C poCTOM MaCCOBOro ~cna immeHH nHm~ .itnfl 
nerKHX Mep H OCTaeTCfl noCTOHHHW4 OT yrnepo.zta .ltO CBHHna (pHc~4). Ta
Koe noBe.iteHHe Tamite no.ito6HO Hall.iteHHOl.!Y. nP.H BblCOKHX 3HeprHHX. CpaBHe-' 
m1e C ,ltaHHblLll'I .ztpyrHX aBTOpOB noKasano7157, qTo napaMeTp HaKnOHa B 
cneKTpax, HsuepHeMh!X no.it onpe.iteneHHW4 yrnoM, nnaBHO na.itaeT_ c pocTOM 
3HeprHH, nepeXO.ltfl TTPH BUCOKHX 3HeprHHX B peimM R;ZtepHoro CKellnHHra 
(Jlexcmt r.A • .!btepmm CKe.HJmlil', 11ts.1t • .MH®1, M. ,1975). 

IlpH 8HanH8e HHKJID8HBHblX .itamooc H8 peaKUHll THna (9) npel!Q{e Bcero 
B08HURaeT Bonpoc O tmcne HyKnOHOB a<,p:peKTHBHOll w1mem1, C KOTOpQll Baa~ 
!.IMO.iteitcTByeT 0HllUUHPYIDill8fl qacTHIJ,!l.. EcJm .itnH npouecCOB THna (6) H- (7) 
C 8W'ICCHei1 !l>parueHTOB 3TOT Bonpoc pemaeTCfl COBepmeHHO O,ltH08HaqHo, B 
HHKJIDBHBHHX cneKTpax npoTOHOB anpuopH uoryT .itaBaTb B.KJia.it naam.io.iten-
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CTBl1H Ha 3W]8KTl1BHblX MHmeHHX C qncnoM HYKROHOB OT O,ltHOro AO (A-I). 
COOTB6TCTBYIDillH6 MO.itenH npouecCOB 6b!JIH rrpe'AROJKeHU TeopeTHKaMH BO 
BTOpott nonoBHHe ?Ox ro.itoB. Hamn .itaHHble HCIT0Rb30B8Hbl B PH.lt6 pa6oT .itnH 
no.itTB6pllt,ll6HHH TaKHX MO'Aenen: MO,lt6Rb 11K.orepeHTHblX qmyKTOHOB 11 ( AHTO
HOB A.H. H Ap.OL1Hltl P4-I220?,Jly6Ha,I9?9); MO.itenb 11KoppenHpOBaHHblX 
1macTepoB11

• ( Fujita T., Hufner J. Nuclear Physics, 19?9,A324, 
p~40~); KacKaAHaH MO'A6Rb (ry.itHMa K.K. H ,ltp. Oltlffiil E2-1130?,.l{y6Ha, 
19?8); KacKa.itHaH ijO,lt6Rb C yqeTOM pesoHaHCOB (AMenHH H.c., (Mflil P2-
80-66I,.l{y6Ha,I980)~ TaK KaK wusnqecKoe co'AepJKaHHe MO'Aenen BecbMa paa
nHqHo, B uenoM Halli aHanns AeMOHCTpnpyeT HH3KYID H36HpaTenbHOCTb HHKJIJ0-
3HBHblX ,ltaHHblX K MexaHHSMY peaRUHH: npaKTHqecKH Y.itaeTcfl HCKRID,l1Tb TORb

KO MexaHH3M Be6epa➔lilJLJiepa - B3aHl,IO,lt6HCTBHe C (A:-I)-CHCTeMoii 19/. ltls 
3Toro cne.ztyeT, qTo aHaqeHne coBna.iteHHH pesynbTaTa pacqeTOB "MHKpo
cKon11qecKoro11 xapaKTepa C HHKJll03HBHblMl1 ,lt8HHbIMH .ltRH nOATB6plK]t6HHH MO
.itene"l-t, KaK npannno, npeyBennqnBaeTcH. TeM He MeHee, BaJKHo, qTo cpe.itH 
MO.itenett, cnoco6Hb!X K OilHCaHHID UHKRID3HBH!i1X ceqeHHll,eCTb MO.itenH, IlOA-. 
TB6plK,ltaIDIIlH6 npID.leHHMOCTb H B STOM cnyqae KOHUenUHn lK8CTKl1X COY'Aape
HHii. TaK,KacKa.itHaH MOA6Rb IlOK83UBaeT, qTo nonHoe ~cno aKTOB B3aHMO
]t6llCTBHfJ,. HYlKHh!X ARH SMHCCHl-1 npoTOHOB Ha3aA (B ycnOBHHX Hamero SKcne
pl1!.!eHTa), H6Benl1KO: ,.. 2-5, BKna.it ynpyroro nepepacceHHHH Man, H OCHOBHYID 
ponb nrpaeT poJK.iteHHe n110Ha H ero rrocneAYIDIIlee nornol!(emte HyKnOHHbIMH 
napqMH Toro JKe H]{pa (nn6o 11paspH]{Ka II Ll - 11so6apu npH nepepaccen-
H11H). 

OTcyTcTBHe 3A8Cb (KaK H .itnH yrrpyroro pd -pacceflHHH Hasa.it) o.it
H03Ha 'l!Horo H KonnqecTBeHHOl'O on11camrn 'AaHHb!X C IlOMOIIlbID TP8'AHUHOHHblX 
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lIO,llXO.l{OB, IIO-BH.D;lIMO?,W • 1rneeT 11pl1Hl.l,l1!Il18JII,Hbli1 xapaKTep: OHO CT8HOBUTCH 
11OHHTID1M, eCJIU 11p11 nepe.l{aqax Mill' 3-IIIM!IYJII.Ca ,,.,, I,5-4 <Pir1 11 3Heprm1 
,., 200-450 MaB HatJHHaeT TepHTI.Cfl UH.l{UBHAY8JII,HOe IIOBe,l{eHl18 HYKJIOHOB B 
rpynne u npOIICXO.l{UT nepeXOA K ee KOJIJieKTUBHOMY (IrnapKOBOMY) IIOBe,l{e
Hl1I0. B STOit CIIITyaru,m MOJlteT 6hlTI, IIOJie3eH (J)eHOMeHOJIOrl/lqecKIIIH IIO,llXO.ll, 
11a6era10l!lllli1 l13JIHmHeLi AeTamrnauu11 npouecca. 

B T7eTI.ei1 rJiaBe npeAIIPHHHTa IIOIIhlTKa pa3Bl1Tl1~ TaKoro IIO.l{XO.l{a/20, 
21 , 25- 2'7 ~ B MOAeJiu npe.l{IIOJiaraeTcH cJie.l{yIOl!lee: a) "aJieMeHTapm1M aK
TOM11 npoueccol), !Ipl,!BO.llfllll~X K 3MIIICCl111 tJaCTl1U B K80, HBJIHeTCfl llteCTK08 
coyAapemrn (I); 6) IIIHl1UHl1pyrouiaH qacTl1~ pacce11roeTcH BnepeA, npeuMy
l!leCTBeHHO Ha MaJlhle yrJihl; .B) pacnpe.l{eJieHl!e co6h1Tl1i1 no nepe.l{aHHOMY Mill' 
norrepetJHOMY uw1yJI1,cy ( P. ) 11 np11pocTy IIIHBapuaHTHott Maccu ( llM ) B lKC 

T 
flBJIHeTcfl BHyTpeHHeti xapanTepl1CTl1KOti Mill', T.e. cna6o 3aBJ.lCl1T OT YCJl0-
Bl1i1 coy.l{apeHl1fl (T11!I 11 aneprllH-HaJieTaIOl!lelt qacTl1Uhl, TJ.lll H,llpa-MUmeHU); 
r) lIOCJie coy.l{apeHl1fl MHr (irl}*, .l{Bl1lltYl!laflCfl B COOTBeTCTBllJ/1 C KJ.lHeMaTll
KOH npouecca (I), pacna,l{aeTcH TaK, 'ITO ttaCTl'!Uhl paBHoMepHo pacnpe;zie
JIHIOTCH B ;l\OCTYIIHOM AJIH HllX i;Ila3OBOM o6~eMe, a.OCTaTOttHOe HAPO He OKa-
3blBaeT CYll\6CTB6HHOro BJil1HHl1H Ha TaKOH pacrra;zi. 

B KatteCTBe xapaKTep11CTl1Kl1 Mill' B llteCTKOM coy.l{apeHl1l1 BBe,l{eHa \PYHK
Ul'IH peJIHTJ.lBHCTCirn 11HBaplllaHTHblX nepeMeHHb!X LlM l1 fr 

.f. I, I J, /' 
, A,c =Aoxc. tL1 M, J • Ase L F;.A, ). (II) 

}lJIH KOHKpeTHb!X pactJeTOB npHHHTO: 

A!~c: (AM, )-e:!p {-ilM1. /tc.,, ), (I2) 

* A;~ {f?., )~exp f. (r;,.1, F,.; A f/J l?.cJ. Y]; CB) 
rAe 01:4 - yroJI pacceHHl1H rrpu 1,1MnyJI1,ce ~j B c.u.l'I. pacceHHJ.lH 
(I), a lle,1, H Geh - cBo6oAHhle rrapaMeTpu. TpeTHLi CBO6OAID1lt napa
MeTp <;/J BBO,lUITCH KaK O6l!ll'IH !pa.KTOP .B cetJeHHHX, ttTO no3BOJIH8T npl'I 
Il'O.l{rOHK8 paC48THblX ;lll'I<Pl>epeHUl'IaJII.HblX'ceqeHJ.lH K 3Kcnepl'IM8HTaJII.HhlM oue
Hl'!Tl, noJIHl:18 C8tt8Hl1H !C. 

Ilpl'I Bbl'll'ICJI8Hl1H cetteIDltt \PYHKUl'Ifl (II).l'IcnoJII.3Y8TCH B KatteCTB8 
KBa.l{paTa MaTPHtJHoro 3JI8M8HTa npouecca (I),11 npoBO.l{UTCH H6KorepeHTHO8 
CyYMl1pOBaHl18 no ttHCJIY /, HYKJIOHOB B KJiaCT8P8Jt l1 HHTerpl1pOBaHl18 no 
we qiepJ.ll.'leBcKouy l1JmyJII,cy • 

nJIH O6QCHOBaHl1H OCHOBHhlX noJIOllt8HHa MO.l{8Jil1, KOHKp8THOH \POPMhl 
@ymu.u1tt (II)-(!3) l1 npe.l{Bapl1T8JII,HOH OU8HKl1 3Hatt8Hl1H napaMeTpOB B HHX 
l1CnOJII,3YIQTCH .l{aHHhle, paccMOTp8HHbl8 B nepBWC .l{Byx rnaBaX .l{IIICC8pTaUl'Il1. 

B KattecTBe npmrnpa peayJII.TaTa pactteToB Ha p111c.2 noKaaa1m(cnJiom-
Hble) Kpl'lBhle, Bl:l'IO!c.nemrn:e npil RCJ. =0,25 <Pu, t{, = m; (nyHKTHpHble-
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C_.= 0,18 raB). IloK1~3aHO 1 'lTO llll1pOimi1 ~pyr .l{aHHhlX O ,zu1;WJep8HUl'Ia1II.HblX 
citteHHHX peaKUl'Il1 (9) (;zim1 1~C -Ml'ImeH11) - (lJopua cneKTpoB, yr11O:aue 
3aBl1CUMOCTl1, sa]lllCllMOCTI, OT HatJa1II.HOlt 3Hepruu 7; napaMeTpa HaK1!OH3 
cneKTpOB (p11c~5) l1 ,lUIIP\P8P8HUl'I8Jil,Hl:IX ceqeHHtt MOlltHO KatteCTBSHHO on11-
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Pllc.5. 
9HepreTH48CKaH 38BH

CIIIUOCTI, napaMeToa HaKJIO
Ha cneKTPOB .A"'· B an- . 
npoKCllMau,111 (I3) ~HH npo
TOHOB l13 peaKUl'IH (9). 
Totnm - 8KCnepllM8HT. 
Cn11omttaH KpHBaH - pactteT 
C napaMeTpaw, JK83aHHH
Mll B T8KCTe. 

caTI, B llHT8pBane 7,; OT 0,6 'AO 400 raB npH no1IHOCTI,ID \l)llKCllPOBaHHhlX 
napaMeTpax MO]l81IH: &di= O,IO raB; R.c~= 0,25 <PM, <;]) = 0,18~ Y.l{a-
8TCH BOCnpOl13B8CTH/2I/ npH Tex lite napaM8TpaX l1 PHA 'A3HHhlX, OTHOCHlllllX
CH K .l{8ltTpOHHOli unmeHH. Ilpll l13M8H8Hl1H TOJII,KO HOPMl1pyromero napaMeTpa 

fl) MOXHO onncaTh H ]l8HHl:l8 06 3Ml'ICCl11'! B K30 nHOHOB l1 ~parMeHTOB npH 
cp8.l{Hl1X 3HeprHmc. ~M8H B BH.l{y KpaltHe npocTolt Bl1.l{, npllHHTlill AJIH MaT
p11ttHoro 8H8M8HTa npouecca, H Ma1!O8 'lllC.710 CBO6O.l{Hl:IX napaMeTpOB, MOlltHO 
pacueHHBaTI, peay.n1,TaT KaK onp8.l{8JI8HHhlH ycnex MO.l{e)lH. 9TO no3BO1IH8T 
C.l{eJiaTI, PHA 3aK.7IIOtt8Hl'lH, B qacTHOCTH, CH8AYIO!lll18: I) IC COCTaBJIHIOT aa
M8THYI) ttaCTI, no11Hb!X C8'!8Hlllt a.l{pOH-H,ll8pHb!X B3allMO.l{ellCTBllH (no .l{aHHIDi 
np11 0,65-I,O raB A1IH 11erKnx H,llep - OT I% ;zio IO%); 2) TaKoe xapaK
Tepnoe 11 ttaCTO o6cyllt.l{aeuoe CBOltCTBO HHKJII03HBHOll 31.!HCCHH npoTOHOB, 
nllOHOB H wparM8HTOB B K30,KaK yr1IOBaH H 3H8preTllqecKaH 3aBl1Cl1MOCTh 
napaMeTpa H8K1IOHa cneKTPOB, c11e;ziyeT, no cymecTBY, H3 npOCTblX KllHeMa
THtteCKHX a(lJilleKTOB - .l{Bl1X8Hl1H U8HTpa Mace pacna;ziaIOl!l8rOCH K11acTepa,H 
pocTa 'AOQTynHQH aHeprHll C POCTOM HattaHhHOlt aHeprHu, ec.nH xapaKTepnc
THKl1 (II)-(13) .l{Jlfl MHr aa~llKC11pOBaHl,I; 3) C.na6aH 3aBl1CHMOCTh CTpyK
TYPHblX ~YHKUl'Ill l1HKJII03l1BHOH ai.rnccl111 ttaCTllU B K30 OT Tllna 11 aHeprllH 
HHHUl'Il1PYI0lll8ll ttaCTl1Uhl,Tllna H,llpa-Ml'Illl8HH, c~opMy.nnpoBaHHaH r.A.~eKCllHhU! 
B H,ll8pHOM-CK8ll1IllHI'8, MOE8T 6HTh onucatta W8HOM8HOJIOrHttecKR, 8C.7Il'I npH
HHTI., ttTO xapaKT8pllCTllKl1 MHr B E8CTKOM coy;ziapeID!ll cna6o aaBllCHT -OT 
TeX xe i;IlaKTOpOB~ 
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nnfl npoBepKH lf3JIO~eHHbIX npe'ACTaBJieHHtl HY~Hl,l 6onee lfH~OpMaTHBHble 
TIOJIY3KCKJII03HBHNe H 3KCKJII031fBHble 011!,!Tbl~ ITepBNM maroM B 3TOM HaTipaBJie
HHH MoryT 6NTb lfBMepeHlfH 'AByxqacTHqHbJx ceqeHlftl HcrrycKaHHH TIPOTOHOB B 
npoToH-fl'AepHNX peam:urnx ... 

? + A ~ p + P + X, (I4) 
KOTOphle OTilfCNBaIDTCfl B qeTBePTOll rnaBe. B pa6oTe/I?/ w o6paTlfJilf BHlf
MaHHe Ha T"O, '!TO MO'AeJilf, npe'AJIO.'iteHHNe 'AJIH onacaHHH lfHKnID31fBHOtt 3MHC
CHH TIPOTOHOB, CHJibHO pasnuqaroTCH no xapaKTepHOMY. 'AJIH HHX lfcnycKaHHro 
conpOBO~'AaID~lfX TipOTOHOB. nnH HaWlfX lf3MepeHlftl/!?7 6hlJia Bhl6paHa KlfHe
MaTHqecKafl o6nacTb B6JIH31f o6nacTH KBasaynpyroro pacceHHHfl Ha HyKJIOH
Hon nape: 

p +[Np]'_,,. p + N +p. (15) 

LfaMepeHHH npa 640 MaB Ha fl'Ape yrnepo'Aa 06uapyi1arn11, ttTo Ha6mo'AaIOTCH 
lfHTeHClfBHble COBila'AeHHH Me~'AY TIPOTOHaMH c aHepraett 50-150 MaB, 

0

1fCTiyc
KaeMNM11 Hasa'A, 11 npoToHaMH B HHTeprone ~6ti-340 IvmB, 11cnycKaew.iMH B 
cpaBHHTeJibHO YBKOM KOHyce Bnepe'A (pac:6). 
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PHc.6. CpaBHeHlfe 3KCTiepHMeHTaJibHOtl yrJIOBOtt saBlfClf
lJOCTlf 'AByxttaCTlf'lHNX ceqeHlfll C nacqeTOM 

B 11KaCKa'AHOtt 11 MO'AeJilf/197. 

llsMepemlfl Ha cep11H MHweHett OT Be 'AO P& n0Kasan11, qTo TaKHe coBna
'AeHHH HMeroT MecTo AJIH Bcex 11c11onba0Bammx wmeHen. nnn yrnepo'Aa 
Ha6JIIDAaeTCH CHJibHaH 3aBHClfMOCTb yrJIOBWC H 3HepreT1fqecKlfX xapaKTepac
TlfK 'AByxqacTlf'lHOrO cetteHHH OT lfMTiyJibCa npoTOHa, lfCTIYCKaeMoro Ha3a'A. 
HH Ben11q11Ha aToro oetteHHH, HH KoppenHl.l,lflf Me~§ npoTOHaMH He nepe'Aa
IOTCH KacKa'AHOtl MOAeJiblO 6e3 yqeTa peaoHaHCOB/ /: STO KaqeoTBeHHO 
o6~HCHlfMO TeM, qTO B TaKott MOAeJilf HeT awJeKTlfBHOrO uexaHH3ua 3MlfCClflf. 
npOTOHOB Ha3a'A npH B3alfMO'AetlcTBlfH C 'AByxHyKJIOHHhlM KJiacTepoM: IT03TOMy, 
eCJilf BI,IqecTb 113 Ha6JIIO'AaeMI,IX ceqeHlftt 11 KacKa'AHbltt 11 BKJia'A, TIOJiyqeHHNe 
pacnpeAeJieHHH Y'AaeTcH onHcaTb pacnpe'AeJieHlfHMH no waaoBOMy o6~eMy pac-

14 

ceHHHH Ha nape (lS).(pHc.?, xpnwe 2). BBe'AeH11e MaTpHqHoro aneueHTa 
B ~opMe (II)~{I3) C napaMeTpai.rn, Hatt'AeHHI,IMH 'AJIH OillfCaHlfH lfHKJII03HBHNX 
ceqeHHtt B (9), usueHHeT pacqeTHNe pacnpe'AeneHHH B STOM cnyqae HesHa
qaTeJibHO. 
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CpaBHeHHe 'AByxqaqTlf'lHWC 
ceqeHHtt B peaKl.l,lflf (14) Ha yrne
PO'Ae C pacqeTaMlf B MO'AeJilf KBa31f
CB060'AHOrO pacceHHlfH HYKJIOHHOtl 
napott. 

B peaKl.l,lflf (IS) Ha yrnepo'Ae 6Nna aKcnep11MeHTaJibHO Hatt'AeHa/IB/ 11 
itpyraH KlfHeMaTHttecKaH o6nacTb, r'Ae paccellllllle Ha nape AaeT cy~ecTBeH
HHtt BKJia'A: o6naCTb MaJil,IX ('( rs0) yrnoB paCKp!,!TlfH rrapN npOTOHOB c 
SHepraett Ka,foro B lfHTepBane 265-340 MaB npa 11x ucnycKaHHH Bnepeit: 

itamrael ? I qacTHqHo 6NJIH Bocrrpo11aBe'AeHN B "cm THCTJ4qec~o£i uo
iteJIH" fl'Aepmix peaKl.l,lftt ( Knoll J. Phys. Rev., 19?9,g_Q,p.??3), BO LIHO
ro~ 6JIHSKOtt K Hame£i MOiteJIH, OillfCaHHOtt B TpeTben rnaBe. B OTIDJqHe OT 
Hamett MO'AeJIH, KHOJIJII, rrpHHHMB.eT MaTplfqHI,Itl 3JieMeHT npouecca {I) HOH
CTaHTOtt, qTo cy~eCTBeHHO cy,itaeT BOSMO~HOCTlf ero uoiteJIH~ 

B IlHTOtt rnaBe ,llMCCepTal.l,lflil OTililCNBaeTCH 3KCil9pHMeHTamHoe li!CCJie
itOBaHlfe peaKin!lf KBa31fCB060'AHOro BN61fBa.Hli!H rrpoTOHHon napu 113 H'Apa yr
nepo~a.npOTOHaWI c 3Hepr11ett 640 MaB. ~JIH SKcuepHMeHTOB 6I,IJia BN6paHa 
{p11c.8) ClfW9TpH<maa d 1=ct ~o(. ; o[3 :::.0, j1::f;. =T• HeKOJI
IIJmHapHafi { { =I20, J'; =I22t) reoMeTplrn. RaJi'Al,ltt HS rrpoTOHOB perlf
CTpHpOBaJICH OT~em,m,w TeneCKOilOM Cl.l,lfHTHJIJiHl.l,lfOHH!,!X cqeTtrnKOB. Tenec
Hbltt yron perncTpal.l,H~ npoTOHOB ( P;, , ~ ) , .mmeTaIOl!llfX Bnepe'A, 
A~ = ~Jl"' =I,9.IO 2cTep, a rrpoToHU ( p3 ) , mmeTaJOutlle uasa~, per11-
cTp0ponaJIHcI. lilllpOKoanepTypRW . (±20°) 'leJieCKOilOll. SuepreT.iqeCKHe HH-_ 
TepBaJIU perHQTpamia IlPOTOHOB BI,I6paHbl :a COOTBBTCTBlflf c mmeMaTlfitOtl 
npouecca (15), npHqey perHCTplilpyeWile IlpOTOHbl YHOCHT 6onee 84% AOCTyTI-:
HOtt aHeprim. 

IS 



Po 

P11e .B. --- _,_ 
reoMeTpVJ qecKaH 

cxeMa aKcrrepVJMeHTa 
(p,3p). 

Eb!na paapa6oTaHa M8TOAVJRa, IT03BOilH!Ol!l8fl KOppeRTHO V]3MepHTD VJ Bbl
tIVJT8TD 'OH cnyqattHblX (B TOM tIVJcne VJ VJCTVJHHo-cnytiattHUX) TpOtllillX COB
naAeHVJll 8 , 91. B ITOVJCKOBOM aRcrrepVJMeHTe l975 roAa/II/ BrrepBble VJ3Mepe
HO CetieHVJe ITpHMOll peaKI~l1VJ /J, e ( p , 3p ) 

d'tt/(d!l.
1 

dJl.,, dJl,) = (8,4±2,2).I0-30 c~/cTep3 

B ycnoBVJHX; cl. =9°, 260 MaB ~ T1 ( TL ) <'. 335 MaB, 32 MaB <I <.98 MaB. 
B OCHOBIIOM 3RcrrepVJMeHTe1r2-r4/ VJ3MepHnVJCD crreRTpbl IlpOTOHOB, BtmeTaIO
lllVJX HaaaA, B VJHTepBane 3HeprVJVJ 36-104 MaB rrpVJ HeCKOnDRVJX 3HatieHHHX 
yrna pacKpb!TVJH rrapu f;,R, ~ Ehlno ooHapYJ!CeHo, •tITo TpexqacTVJtIHoe ceqe
HVJe xapaRTepVJayeTCH MOHOTOHHblM rraAeHVJeM c pOCTOM yrna ol OT 7,5° AO 
32,r0, npVJtieM 3TO rraAeHVJe IlpOVJCXOAVJT" TeM 6UCTpee, tieM BUme 3HeprVJH 
npoToHa R • Ha6JUOAaeMble oTHOCVJTeJIDHO mVJpoKVJe yrnoBue pacrrpeAeneHVJH 

3 
HeCOBM8CTVJMbl C MOA6JIDIO paccef!HVJH H838A Ha 11CKOppenVJpOBaHHblX KnacTe-
pax", HepaspymaIOl!lHXCH rrpH pacceHHVJVJ ( T.Fujita, Phys.Rev.Lett., 
I979, .A3I4, p:3I7), HO_cpaBHVJMbl C pacrrpeAeneHVJeM 110 (,pa30BOMY o6~euy 
B (IS) (KpVJBUe A pVJc.9}. YtieT MaTpHtIHoro 3JI8M8HTa B wopMe (II)~{I3) 
C G L = o,ro-o,rs raB VJ R = O,I3-0,22 ~ ynyqmaeT cornacVJe C 3K-

~" . c~ 
crrepHM8HTOM. 

'· 
70 ,o 
60 ·, U•54 ... ll,M3B 

PHc,9, lbl 

YrnoBue pacrrpeAeneHVJH 1 : ,1. C, (p, 3p) rrpVJ / • B peaKUVJH 0:, 
I JO 

640 MaB: m 

;1 ~= 
..: ~ : : ·JO 

051)15202530JS 
a ,rpa~. 
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PesyJIDT8Tbl/IZ-I4/noKa3b!BaIOT~ tITO,H8CMOTpfl Ha cpaBHVJT8JIDH0 HH3-
KOe cet1elille rrponeccoB (,tro-34cM :MaB-3.cTep-3), ~ecTKVJe coyAapeHVJH 
B 3KCKJll03VJBHOtt IlOCTaHOBKe OllUTOB BllOJIHe AOCTYITHbl AJlfl VJ3yqeHHfl Ha co
BpeMeHHOM TeXHVJtieCKOM YPOBHe. TeopeTHtI6CKHtt aHaJIH3 TaKVJX MHHUX Tpe-
6yeT,.B CBOIO oqepeADt BbltIHCJI8HHH MHOrotiaCTHtIHUX AH~WepeHUHaJIDHUX Ce
tI8HHll1 B TO BpeMH KaK AO nocneAHero BpeMeHH OCHOBHOtl ne~IO pactieTOB 
AJIH rrponeccOB B R30 OCTaBanHCD 0AH0tI8CTVJtIHbl8 cetieHHH HHKJII03HBHblX rrpo
ueccoB. 

B rrpVJJIOJ!teHVJH pacCMOTpeHbl H8KOT0pble T6XHHtieCKVJe Borrpocu 3KC!l~pH
M6HTOB ~ rrpHBeAeHli Ta6nHUU ~VJW~epeHUVJ8JIDHUX cetieHHll peaKUVJH (I4) VJ 
( f• 3p) rrpVJ 640 MaB: 

OcHOBHble pesyJIDT8Tbl pa60Tbl KpaTKO MO~HO c~opMyJIVJpoB8TD cneAyio -
lllHM o6pa3oM: 

r. I~ ITonytieHlil 3KCI18PHMeHTaJIDHbl8 A8HHble O npoTOH-HAepHb!X B38HMOAen-
CTBVJHX, rrpHBOAHIIlHX rrpVJ cpeAHHX 3Heprnmc K Hcn;cKaHHIO. nertiattmnx HAep 
! H, 'H, 3ffe, "lie c aHepr.ien 150-600 MaB/I- I. IIpoaHaJIHSVJpoBaHbl 
HM6IOl!lH8CH rrpeACTaBJI8HHH O MexaHVJSM8 TaKHX rrpoueccoB: CAenaH Bb!BOA 0 
TOM, tITO c weHoMeHonorVJqecKott TOllKVJ speHVJH 3TH npoueccu MOJ!tHO pac
CMaTpHBaTD KaK pesynDTaT pacceHHHH BnepeA HaneTaIOIIlero npoToHa Mano
HYKJIOHHott rpyrrrron RAPS, IlOJiytialOl!l8tt rrpH.3TOM rrepeAaqy 3-HMllYJIDCa Bblme 
,.,300 MaB/c H aHeprHIO (B c. u.M. rpyrrrrbl) Bblme ,.,200 MaB (11J!t8CTK08 coy
AapeHHe" rrpOTOHa C MaJIOffYKJIOHHOtt rpyrrrrott). 

2: 06pal!l8HO BHHMSHVJ8 Ha uenecoo6pa8HOCTD 3KCnepHMeHT8JIDHOro H3Y
qeHHH HA8PHhlX peaK~tt Il~VJ CP8AHHX 3HeprHHX B ycJIOBVJHX xecTKVJX coyAa
peHVJtt c KJiaCTepaw/25-2 /: 

3. ITpeAnOJ!t8HO HCCJI8AOB8HHO Jlt8CTKHX coyAapeHVJtt npoToHOB cpeAHett 
SHeprHH C M8JIOHYKJIOHHbllW rpyrrrralW C o6pa30BaHVJ8M HYKJIOHOB, He CBH-
88HHhlX M8JIOtY co6ott B KOH8tIHOM COCTOHHHH/IO,II/: 

n: r. HauepeH!:1 npH aHeprVJH 640 MaB ABOllH!:!e AHwiPepeHn.iaJIDHHe ceqe
HHH HHKJIIOSHBHOtt SWICCHH rrpoTOHOB B paHee H8HSytieHHOll o6naCTH yrnoB 
H SHeprHtt Ha HAP8 yrnepoAa H A-saBHCHMOCTD ceqe1mn ITOA onpeA8JI8HHW 
yrnou (140°). YCT8HOBJI8HO orrpeAeJieHHOe ll0A06He STHX ceqeJUill C aHano
rHtIHbllil1 A8HH!ilm npH Bb!COKHX SH8prHHX/IS,I6/: 

2: IIpoAeMOHCTPHfOBaHa cna6aH H36VJpaT8JlbHOCTD HHKJll03HBHblX ~aHHWC 
K MexaHHSMY peaKUVJH/ 61191. OTMO~eHo, tITO cpe'Ar{ MOAeJie!, OITHCb!BalOl!lHX 
HHKJIJlSHBHYJ) 8YHCCHD rrpOTOHOB Ha38A npH cpeAHVJX 3HeprHHX, MM8IOTCfi MO
AenH, Il0ATB8pllt,?t8Dl!lH8 rrpHMeHHllOCTD 8A8CD KOHU8IlUVJH Z8CTKVJX COYA8P8HHtt 
C MaJIOHyKJIOHHhllffl rpyrrnaHH. CAe~aH Bb!BOA O uenecoo6pasHOCTM W8HOM8HO-
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JIOrnqecxoro nomco.11a (,ll;JIH OilHCaHllH SMHCCHH qacTUU B KHHeMaTnqecKott 
o6JiacTn (K30), aanpemeaaott ,ll;JIH cbyMpeanH c OT,ll;6JID!ll,IM HYKJIOHOM), ua-
6eraromero naJinmHefi .11eTaJiuaaunu MexaanaMa mecTKoro coy.11apeHHH. 

ill~ I~ P~apa6oTaHa \P6HOMeHOJiornqecKaH MO,ll;eJII,120,21 ,25,27;: 6a;upyro
maHCH Ha axcnepuMeHTaJID!ll,IX u TeopeTnqecxux peayJIDTaTax 06 ucnycxaanu 
6hlCTpwc (PparMeHTOB u HYKJIOHOB B K30 B npoTOH-H,llepHWC peaKUHHX npu 
cpe.11aux aaeprnHX. 

2~ Mo,ll;eJII, peaJIU80MHa B BH,ll;e nporpaMw BhlqUcJieHUH Ha SBM 'All\P(P6-
peHUHaJIDHblX ceqeHHfi UHKJiro8UBHOfi SMHCCHU qaCTUU B K30 npu BaaUMO,ll;efi
CTBHH a,11pOHOB c JierKHMH H,1!paMU - OT A=2 ,1!0 A::::. !5~ 

PaccqnTaHhl yrJIOBhle u aHepreTnqecKHe xapaKTepncTHKH ncnycKaHHH 
HYKJIOHOB, nHOHOB u (PparMeHTOB B npOTOH;H,1tepHWC peaKUHHX npu cpe,1!HHX 
aaeprUHX~ OueHe!ll,I aaaqeHHH OCHOBHblX napaMeTpOB M0,1!6JIU~ IloKa3aHo, qTo 
noJIHoe ceqeHne mecTKHX coy,11apeantt npoToHa 640 MaB B JierKllx H,11pax Ha~ 
XO,ll;HTCH Ha ypOBHe'!-!0% nOJIHOro ceqeattfi npOTOH-H,llepHoro B3aHM0,1lefi
CTBHH. 9TO 03HaqaeT, qTo llt6CTKH,e coy.11apeHUfi He HMHIDTCH" 8K30,TUq~cKHM 
MaJioBepoHTHhlM npoueccoM. 

3. IlOKaaaHa B03MOlltHOCTD 6,ll;IIIH006pa3HOrO OilUCaHIIIH HHKJIID3UBHOfi , 
SMU,CCUH IlpOTOHOB C SHepruefi, 50-300 Ma,B, U yrJiax Bhlll!e 900 nplll cpe,ll;HUX 
Ill Bh!COKHX SHeprnHX HHUUHHPYJOmlllx qacTHU. ITpe,ll;JIOllteHa rnnoTeaa o CJia6ott 
33BHCHMOCTU pacnpe,ll;eJieHllfi no UHBaplllaHTHOfi Macce U nepe,ll;aHHOMY none
peqHOMY IIIMIIYJII,CY ,1!Jifl MaJIOHYKJIOHHblX rpynn B ~eCTKIIIX coy.11apeHI/IHX OT 
Tuna' U SHepr111111 IIIHIIIUHll!pyromn:x: qacTIIIU U Tl/Ina H,llpa-MlllllleH!f ~ C\POPMYJilllpOBa
Ha aa.11aqa npHMOfi SKCnepHMeHTaJIDHOfi npoBepirn TaKofi 11YHIIIBepcaJIDHOCTU 11 

xapaKTeplllCTIIIK MHI' B llteCTKHX coy.11apeHllHX;. 

!Y •' I. Ilpe,ll;JIOlll:8HofI7 / IlOnJSKCKJiro3111BHOe u·aMepeHUe ,ll;Byxqac.TJ/lqHUJC 'All\P
(PepeHUHaJIDHblX ceqeHUfi u9nycKaHUH npOTOHOB,KaK M6T0,1! UCCJI6,ll;_QBaHllH 
MexaHU8Ma SMUCCJ/1111 npoTOHOB B K30 npu cpe,ll;HUX SHepruHX. 

2~ 06HapymeHa HHTeHcn:aHaH SMHCCl1H ,ll;Byx npoTOHOB B KHHeMaTnqecKofi 
o6nacTU KBaancB060.11Horo pacceHHIIIH npoToHa Haaa,11 Ha BHYTPHH,ll;epHofi na
pe 'IlpU B381/1MO,ll;eficTBUU IlpOTOHoB'640 MaB C H,1!paMll. lif8MepeHpH,ll;XB.paK:_ 
Tepll!CTUK TaKofi SMUCCHU u o6HapyllteHa yrJIOBaH u SHepreTnqecKafl Koppa-. ' ' . .,.. 

JIHUHH Mellt,11y ucnycKaHlleM npOTOHOB B,YCJIOBUfDC KBaauynpyroro pacceHHllfi 
Haaa.11 Ha HYKJIOHHofi nape B yrJiepo,11el17-I9/~ , . 

3. IloKaaaHo, qTo Ha6nro.11aeMaH SMIIICCUH He onHChlBaeTCH MO,ll;eJIDro,0.11-
HOKpaTHOrO pacceijHllfi Ha BhlCOKOHMnyJIDCHOM fl,ll;epHOM HYl(JIOHe C KOrepeHT
HOfi OT,ll;aqefi (A-I)-CIIICT6W Ill K8CKa,1!HOfi M0,1!8JIDID 668 yqeTa peaoHaHCOB. 
Ha6nro.11aewe yrJioBHe III BHepreTnqecKne pacnpe.11eJieHllH MOlltHo orr111caTD B 
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paMKax TOfi me (P6HOM6HOJIOrUtJ6CKOfi MO,ll;eJIIII, KOTOpaH npe,ll;JIOllteHa ,ll;JIH 
onncaHUH IIIHKJIID3UBHhlX ,ll;aHHWC. 

Y. I. IlpoBe,ll;eH 8KCilep111M6HTaJIMlblll noHcK/II/ IlpHMOfi peaKUHH ( p' 3p) 
c aunccuett 6hlcTporo npoToHa aaaa.11 u naphl npoToHoB, BhlJieTarom111x Bnepe.11 
no,11 yrJiaMll OKOJIO !5° K nytJKY npoTOHOB C 8Hepr111ett 640 MaB. Ilpe,ll;JIOllteHa 
U peaJilll80B8Ha M6TO,ll;UKa paa,ll;eJieHUH IIICTUHHWC Ill CJiyqaliH&X TpOfiHblX COB
na.11eautt Ill CUHHTIIIJIJiflUllOHHOfi Cil6KTPOM6TpHH B YCJIOBUHX BhlCOKHX aarpyaoK 
,ll;6T6KTOpOB/8/. BnepBhl6 H8MepeHO ;pexqacTHqaoe ,ll;n~iepeHUHaJibHOe ceqe
HUe peaKUHIII (p,Jp ). 

2. lifa1,4epeHa aaBnc11Mocn 'Alltl>JlepeaunaJibHoro ceqeHHR peaKUHIII 
IJ. C (p ,3p) OT yrJia pacKphlTIIIH naphl nfoToHoB, BhlJieTaro~111x Bnepe,ll, u 
aaepr111n npoToHa, ucnycKaeMoro aaaa,ll/ 3/~ 

3. IloKaaaao{14/ tJTO pacnpe.11eJieaue no yrJiy pacKphlTIIIH naphl~ 1110-
nycxaeMott Bnepe.11, npn saeprnu npoToaa, BhlJieTaro~ero Haaa,ll, Bhlllle 
50 MaB MOlltHO on111caTb B paMKax rrpe,ll;CT3BJI6Hllfl O pacrra.11e rraphl, IlOJiy
tJUBIII6fi nepe.11aqy 3-nMrryJIMa 2,9-3,9 <IlM-I u aaepruro !90-270 MaB. Ta
KIIIM o6paaoM, SKCKJIID8111BH06 1118ytJeHHe llt6CTKOro rrpoTOH-KJiaCTepaoro coy
.11apeHUH IlO,llTBepm,11aeT npHM6HHMOCTb \P6HOM6HOJIOrllltJ6CKOfi MO,ll;6JIU, npe,ll
JIOllt6HHOfi ,1!JIH onucaHUH UHKJiro8UBllb!X ,ll3HHhlX. 

YI. IlpOB6,ll;6HHOe UCCJI6,ll;OBaHUe rroKa3h!BaeT CBfi8D 111111p0Koro Kpym HBJie-
Hlllfi B H,ll;epHWC peaKUHHX rrpu cpe,llHUX SHeprnHX HaJieTarom111x IlpOTOHOB: 
yrrpyroe pA-pacceHHHe Haaa,11, KBaanynpyroe Bhl6HBaaue JierKHX ippar
ueHTOB, crreKTphl BhlCOKOSHeprnqllblx iparMeHTOB, HHKJIID31/1BHafl SMHCCIIIH 
6h!CTphlX rrpOTOHOB Haaa.11, ,ll;ByxnpOTOHHhle KoppeJIHUIIIIII, KBa31/1CB060,llHOe 
Bhl6UBaHllle rrpOTOHHblX nap. 9Ta CBH8D o6HapyUBaeTCH B KUHeMaTnqecKofi 
o6JiaCTIII llt6CTKUX coy.11apeautt C MaJIOHYKJIOHHh!Mll rpyrrrra!.1111 H,llpa-MnmeHU 
U onpaB,llhlBaeT paCCMOTpeane STUX HBJI6HUfi C e,1!UHOfi TOtJKIII ape
Hllfi/24-27 / ~ 
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