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§1. BeeOeHue 

HJyqenue B3aHMo~eucTBHH aAponoa c HApaMH B npun

uune ll03BOnHeT nony'IHTh HOBYIO HH~OpMaUHIO 0 AHHaMHKe 

CHnhHhiX B3aHMOAeHCTBHH. C 3TOH TO'IKH 3peHHH HCCne

AOBaHHe aApOH-HAepHhlX B3aHMOAeHCTBHH oco6eHHO .Ba~HO 

npH BhlCOKHX 3HeprHHX, KOrAa 60JihWOe 'IHCJIO BTOpH'IHhlX 

'laCTHU npHBOAHT K TOMy, 'ITO HHTepnpeTaUHH MeXaHH3Ma 

HX o6pa30BaHHH Ha OCHOBe AaHHbiX no aApOH-a~pOHHhiM 

B3aHMOAeHCTBHHM CTaHOBHTCH npaKTH'IeCKH HeB03MO~HOH. 
B HaCTOH}Uee BpeMH HMeeTCH y~e OTHOCHTeJihHO MHOrO 

3KCnepHMeHTOB no H3y'leHHIO 06}UHX xapaKTepHCTHK aApOH

BAepHhiX B3aHMOAeHCTBHH /1-3/. 0AHaKO HX TeopeTH'IeCKaH 

HHTepnpeTaUHH HOCHT B OCHOBHOM Ka'leCTBeHHhiH xapaK

Tep H OCHOBhlBaeTCH Ha pa3JIH'IHhlX 'laCTHhlX MOAenHX. 

Hau6onee nonnoe TeopeTH'IeCKoe paccMoTpenue aApon

HAepHhiX B3aHMOAeHCTBHH B paMKaX napTOHHOH KapTHHhl 

u MOAenu rnay6epa ocyiUecTaneno a pa6oTax/3,4/. B na

CTOHIUeH pa6oTe npOBOAHTCH cpaBHeHHe 3KCnepHMeHTaJIL

HhlX AaHHhiX no MHO~eCTBeHHOCTH BTOpH'IHhlX 3apH)KeHHhlX 

qacTHU B rr- 12C-a3aHMOAeHCTBHHX npu p = 40 T3B/c 
C paC'IeTaMH, OCHOBaHHhlMH Ha MO~eJIH rnay6epa • 

§2. 3KcnepuMeHmaA&Hblii MamepuaA 

)J.aHHhle no MHO~eCTBeHHOCTH BTOpH'IHhlX 3apx~eHHbiX 

'laCTHU B TT- p-, TT- n- H TT -l2c- B3aHMOAeHCTBHHX noJiy'leHhl 

C noMO}UhiO 2-MeTpOBOH nponaHOBOH ny3hlphKOBOH KaMephl 

<C
3
H 

8
>, o6ny'leHHOH rr- -Me3oHaMH c p = 40 T3B/c na 
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cepnyxoacKoM yCKOpHTeJie /S-9/. 0TMeTHM oco6eHHOCTH 

MeTO~HKH HX noJiy'leHH.H. 

BTOpH'IHhie npOTOHhl H~eHTHI}JHIJ,HpOBaJIHCh no HOHH3a

ll,HH ~o Po ,700 M3B/c. Bee noJIO)KBTeJihHO 3apB)KeHHhie 

qacTHIJ,hi c p 0 ;: 700 M3B/c C'IBTaJIHCh rr +_Me3oHaMH * 

KorepeHTHhle B3aBMo~e~CTBHB rr--Me30HOB c B~paMB yr

nepo~a fihiJIH HCKJIIO'IeHhl Ha OCHOBe H3BeCTHhiX Ce'leHH~ 

JTHX npon.eccoa /S-8/. Pe3yJihTaThl nony'leHhi nocne H3-

MepeHHJI H o6pa60TKH "'3000 COfihiTH~ / 8/. 

§3. Bbi~Uc/leHUJI no MooeAu u cpaaHeHue 
C 3KCnepUMeHmOM 

Pac'leThi pacnpe~eneHH~ no MHO)KeCTBeHHOCTH npoao

~HJIHCh Ha ocHoae Mo~enu rnay6epa no MeTo~y. no~po6Ho 

onucaHHOMY a pa6oTe I 4/. C'IHTanoch, 'ITO HaJieTaJOlll,aJI 

'laCTHIJ,a /a HarneM cnyqae rr-- Me3oH/ MO)KeT ynpyro HJIH 

Heynpyro npOB3aHMO~e~CTBOBaTh C pa3JIH'IHhiM 'IHCJIOM 

JI~epHhiX HYKJIOHOB, O~HaKO pO~HBUIHeCH 'laCTHIJ,hl HH B KaKHX 

B3aHMO~e~CTBHJIX He yqacTBYJOT. 

B ~e~CTBHTeJihHOCTH, XOTJI H3 napTOHHO~ MO~eJIH CJie

~yeT /10/, 'ITO fihiCTphle 'laCTHIJ,hl He nepepacceHBaJOTCJI, 

qacTHIJ,hi ueahiCOKO~ JHeprHH <E:::; H A • m 2) MoryT a3aHMo

~e~CTBOBaTh c HYKJIOHaMH JI~pa. B pe3yJihTaTe MO)KeT 

B03HHKHYTh BHYTPHB~epHhl~ KacKa~. Bhi'IHCJieHHe BKJia~a 

KacKa~HhiX npon.eccoa co~ep)KHT pH~ ueonpe~eneHHOCTe~, 

CBJI3aHHhiX, HallpHMep, C y'leTOM nepepacce.HHHJI pO~HBUIHXCJI 

pe3oHaHcoa. O~HaKo ecnH 3HeprHJI, npu KoTopo~ KacKa~

Hhie npoiJ,eCChl CTaHOB.HTC.H Cylll,eCTBeHHhiMH, He npeBhiUia

eT HecKOJihKHX F3B, TO pacnpe~eneHHe no 'IHCJIY po)K~aJO

lll,HXCJI qacTHIJ, H3MeHJieTc.H He3Ha'IHTeJihHO. B ~aJihHe~UIHX 

Bhi'IHcneHHBX BKJia~ BHYTPHH~epHhiX KacKa~oa He y'IHThi

aancJI. 

*Cpe~Hee 'IBCJIO BB~BMhiX npOTOHOB Ha O~HO Heynpy
roe 1T -p-B3aHMO~e~CTBBe COCTaBJI.HeT 0,18±0,01 npH p = 
= 40 F3B/c. 
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Ce'leHBB Heynpyroro B3aBMo~e~cTBHB c pa3JIB'IHhiM 

'IBCJIOM K JI~epHhiX HYKJIOHOB a (K) MO)KHO noJiy'IBTh I 4/ , 

paCCMaTpBBa.H pa3JIB'IHhle npoMe)KyTO'IHhle COCTO.HHB.H 

aMnJIBTY~hl ynpyroro pacce.HHBB Ha B~pe. llpu JTOM KaK 

ynpyrBe, TaK B HeynpyrBe npon.ecchl orrBChiBaiOTCB c e~B

HO~ TO'IKB 3peHB.H. 

HcnoJih3oaanc.H rayccoacKB~ BH~ .H~epHo~ nnoTHOCTH 

A a 2 3/2 
p(r , ••• ,r) =II(-) · exp(-a 2r ~) /1/ 

l A i=I rr 1 

B npeHe6peraJIOCh pa3JIB'IHeM nOJIHhiX Ce'leHB~ 1T -p- H 

rr- n -B3aBMO~e~CTBB~ /a P = a n = a /, a TaK)Ke Belll,eCT

BeHHO~ 'laCThlO nBOH-HYKJIOHHO~ aMnJIBTY~hl. llflOCTOe, HO 

~OCTaTO'IHO TO'IHOe Bhlpa)KeHBe ~JIJI BeJIH'IHH a K) B03HH

KaeT, eCJIH npeHe6pe'lh 3aBHCHMOCThlO 1T -N -aMnJIHTY~hl 
oT nepe~aHHoro BMnynhca no cpaaHeHHIO c I}JopMI}JaKTopoM 

B~pa 12 C /T.e. pa3MepoM nHoHa no cpaaweHHIO c pa3Me

poM Jl~pa/ H npocyMMHpoaaTh no 'IBCJiy ynpyrux B3aHMo

.D;e~cTBB~. B JTOM cnyqae 

a<KL ~ (-l>n+Kzn-I CK~ [..!._+cosO An <1-A aeE) n + 
n =K n n 2 I I a 

/2/ 

+ 1 - cos_Q_ An (1 _ A a ef ) n J , 
2 2 2 a 

r~e c" 
ll 

K!(n- K>! 

n! 

\ 11 - BKJia~ 11 - Kpa THOrO B3aHMO~e~CTBH.H B nOJIHOe ceqe-

HBe B3aBMO~e~CTBB.H Ha Jl~pe B npe~eJie OTCYTCTBH.H He

ynpyrHX 3KpaHHpOBOK: 
A , 

tot __ ~ (-l)n+l A 1 /3/ a ~ k u • , cr n = l n 

HeJIH'IHHbl A I' A 2' cose CBJI3aHhl c yqeTOM Heynpy

rux 3KpaHBpOBOK ~HI}JpaKIJ,HOHI.Jbll',fH ny'IKaMH He60JihUIO~ 
~ !Ill 

MaCChi B CJie~yiOIIJ,eH MO~eJIH : npe~JIOJiaraJIOCh, 'ITO B 

Ka~OM aKTe B3aHMO~e~CTBH.H C .ll~epHbiM HYKJIOHOM rr-:

Me3oH u qacTHIJ,bl nyqKa MoryT ynpyro nepepacceuaaThCJI 
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HJIH nepe~TH ~pyr B ~pyra. ECJIH 0603HaqHTb KOHCTaHThl 
Heynpyroro nepexo~a H ynpyroro nepepacceHHHH qacTHU 
nyqKa nO OTHOUleHHlO K nepexo~y rr- --> TT- COOTBeTCTBeHHO 
qepe3 g H o, TO 

1 + o X 1 - o 2 )2 2 A = --+- , cos 0 = --, X = <1 - o + 4g 141 
1,2 2 - 2 X 

06LJqHoe rnay6epoacKoe npu6JIH)f(eHHe, yqHTLIBaiOmee 
TOJlbKO ynpyrHe nepepacceHHHH, COOTBeTCTByeT 3HaqeHHlO 
g=O, T.e. A

1
= 1, A

2
=o, cosO= 1. 

BenuquHa g H3BneKanacL H3 ~aHHhlX onLITa no uc
CJie~OBaHHlO peaKUHH rr-p --> X- p H OKa3aJiaCb, C yqe
TOM npo~onLHO~ nepe~aqu HMnynLca, paBHO~ g2"' 0,3. 
BenuquHa o npHHHManacL paaHo~ e~HHHU.e a cooTaeT
CTBHH C ~aHHbiMH ll 2z BapHaUHH 0 oqeHb cna6o BJIHHJia Ha' 
pe3yJILTaThl pacqeTOB. 

12 
CeqeHHH pa3nuqHhlX npoueccoa Ha H~pe C npu 

HMnynLce rr- -Me3oHa 40 F3B/c oKa3anucL cne~YIOIUHMH: 
a tot = 221 M6, ainel = 184, 5 M6, a coh = 7,5 M6, 

des 1 6. prod 64 6. coh a = 3 M , a = 1 M , r~e a - ceqeHue Ko-
repeHTHoro po)f(~eHHH, a des - ceqeHHe ynpyn;>ro He-
KorepeHTHoro pacceHHHH , aprod - ceqeHHe HeKorepeHT
HhlX npoueCCOB, CBH3aHHhlX C pO)f(~eHHeM qaCTHU. 

3TH 3HaqeuuH xopoUio cornacyiOTCH c ~aHHhlMH pa6o
Thl 1131, cornacuo KoTopo~ ceqeuue ~ornomeuuH rr- -Me-
30HOB H~POM 12c IT.e. pa3HOCTb a mel- a coh I noJiy
qeuo paBHLIM 179±2 M6. 

BenuqHHa aprod , B CBOIO oqepe~b, COCTOHT H3 CYMMbi 
ceqeuu~ ueynpyroro B3aHMo~e~cTBHH c pa3nuqHhlM que
JIOM HyKJIOHOB a (K)(K = 1,2, .•• ) H HeKorepeHTHOrO BKJia~a 
a ~u<iJpaKUHOHHOe po)f(~euue a cliff , npuqeM nocne~HHH 
aenuquua qucneuuo ueaenuKa I a cliff = 3 M61: 

prod cliff 
a =a + 

A (K) 
l a 

K =l 
151 

B Mo~enu rnay6epa o6LiqHo cquTaeTCH, qyo HaneTaiD
maH qacTuua ~BH)f(eTCH qepe3 H~po, nocne~oaaTenLHo pac
ceuaaHcL Ha uyKnouax, npuqeM Ka)f(~Oe B3aHMo~e~cTBHe 

uaquuaeTcH a TOT MOMenT apeMeHH, Kor~a npe~LI~ymee y)f(e 
3aKoHqunocL. C pocTOM uaqanLHO~ 3Hepruu TaKoe npe~cTaa-
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neuue npuxo~HT a npoTHBopeque c npocTpaHCTBeHHo-ape
MeHHO~ KapTHHO~ npouecca pacceHHHH. B 3TOM cnyqae 
MO)f(HO npe~cTaBHTL ce6e, qTo uaneTaiD~aH qacTuua npe
apamaeTcH B HeCKOJlbKO qacTHU, Ka)f(~aH H3 KOTOpbiX B3aH
MO~eHCTByeT C O~HHM H3 H~epHbiX HYKJIOHOB. TeM He Me
nee u npu BhlCOKHX 3HepruHx Mo~enL rnay6epa npeKpac
uo cornacyeTcH c onLITOM. IIpuquHLI 3Toro 6LmH uccne~o
aaHLI rpu6oBhlM 114,151. 

B cnyqae Heynpyroro a3aHMo~eilcTBHH c uecKonLKHMH 
HYKJIOHaMH (K = 2,3, ••• ) He06XO~HMO 3HaTL, npH KaKOH 3Hep
rHH npoucxo~HT Ka)f(~oe B3aHMo~e~cTBHe. Toquoe peDie
uue 3TOrO BOnpoca Tpe6yeT 3HaHHH ~HHaMHKH CHJibHhlX 
a3aHMo~e~cTBHH. B uacTOHJUHX pacqeTax npe~nonaranocL, 
qTo Ka)f(~Oe H3 K ueynpyrux B3aHMo~eilcTBHH npoucxo
~HT npu 3Hepruu, paauo~ E0 I K, T .e. 3HeprHH ~enHTCH ua 
paBHbie qaCTH. 

Pacnpe~eneuue no MHO)f(eCTBeHHOCTH oTpuuaTeJILHO 3a
pH)f(eHHLIX qacTHU n CTpOHJIOCb CJie~yiOIUHM o6pa30M: 
O~HOKpaTHOe Heynpyroe B3aHMO~e~CTBHe (K=l) ~aeT BKJia~, 
KOTOphlH coana~aeT c pacnpe~eneHHeM no n _ a rr -N 
B3aHMO~e~CTBHH IHCKJIIOqaH BKJia~ ~H<iJpaKUHH rr--Me30Ha, 
yqHThlBaeMhlH OT~eJILHOI H 6epeTCH C BeCOM, paBHbiM 
a ( 1) I a Prod • )l,ayKpa THoe ueynpyroe B3aHMO~eHCTBHe 
npoucxo~HT c aepoHTHOCTLIO a(2)1 a prod H onpe~enHeTcH 
caepTKOH ~ayx rr- N -pacnpe~eneuuil, B3HThlX npu 3Hep
ruu E

0
12 IT.e. a uaDieM cnyqae 20 F3BI. Auanoruquo 

CTpOHJIHCb H BKJia~hl 60JibllleH KpaTHOCTH, npuqeM yqHThl
BaJIOCb pa3nuque pacnpe~eneuu~ no n_ a rr- p - H rr - n -
CTOJIKHOBeHHHX. 3aTeM ~o6aBJIHJIOCb B3HTOe H3 OnbiTa pac
npe~eneuue no n_ a ~u<lJpaKUHOHHOM po)f(~euuu. BKna~ 

npoueccoa KorepeuTuoro po)f(~eHHH a pacqeThl He BKJIIOqan
CH B COOTBeTCTBHH C 3KCnepHMeHTaJibHhlMH yCJIOBHHMH 
OT6opa C06hlTH~. TaKHM o6pa30M, B pacqeTaX He HCnOJIL-
30BaJIHCb KaKue- nu6o no~rouoquhle napaMeTphl. 

Ilpu pacqeTe pacnpe~eneuuil no n± , a qucno KOTOPLIX 
He BKJilOqaJIHCb npoTOHhl C HMDYJibCOM, MeHLUlHM Po = 
= 700 M3B/c, cquTanocL, qTo ace npoTOHLI oT~aqu a 
HeynpyroM B3aHMO~e~CTBHH HMelOT HMDYJILC, 60JibUIHH Po. 
0THOCHTeJibHO npOTOHOB OT~aqH B ynpyroM pacceHHHH, a 
TaK)f(e npoTouoa, BhlneTaiD~Hx npu pa3aane H~pa, npe~-
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nonaranOCb, 'ITO HX HMnynLC MeHLIIIe 'leM p
0

, T.e. OHH 

He nona.D.aiOT B 'IHCno n+ . 
PeJynLTaTLI pacqeToB pacnpeJ].eneHHH no n _ H n + 

llOKaJaHbl Ha pUC. 1 H 2. 0HH XOPOIIIO cornacyiOTCJI C J].aH:

HbiMH onLITa. Pac'leTHLie JHa'leHHB cpeJ].HHX MHO)I(eCTBeH-

HOCTeii H J].HcnepcHii D =J < n2> -<n.> 2 cpaBHHBaiOTCB c 3Kcne

pHMeHTanbHbiMH pe3ynLTaTaMH B 111a6AUije. 3J].eCh cneJ].yeT 

OTMeTHTb, 'ITO HJ-Ja npH6nH)I(eHHH, CJ].enaHHblX llpH pac

qeTe, . TO'IHOCTL Bbl'IHcneHHB BenH'IHH < n> H D He npe

BbiiiiaeT HeCKOnbKHX npoueHTOB. 

V/('!o) 

30 

ll 

'J[-••c- 40 r.b/c 

- MoCl1-•• rno~&opc 
<n..> •3,19 ; tl. •l,65 

e 3-Cf'llp..tM8M"" 

<. 1'1.)• !l.i~t0,03 
D. •l,53 t D,04 

Puc. 1. PacnpeoeAeHue rr- 12c- e3auMooeilcmeuil npu p = 
40 T3B/c no MHOJKecmeeHHocmu ompuijallleAbHbiX emopu'-1-

HbiX '-IUC111Ull /e npoijeHmax/. Kpuea.11 - pac'-lem no MooeAu 
TAay6epa. 

8 

W(J, 

iS 

ill 

'J[ -II(' - 4Q rob/c 

- M.aon• rno"<l"•pa 
< n,> • 6,28; D,• ~~2 

• :3tcC'I'\IpYMeW"'rn 

<n 1>•6.!!2•CI.~ 
D • 3.2 .. t 0,02 

2 4 6 e ~ ~ ~ ~ ~ w ~ " nt 

Puc. 2. PacnpeoeAeHue TT-
12 c- 83QUMOOeilcmeuil npu p = 

= 40 T3B/c no MHOJKecmeeHHOC111U 81110pU'-IHbiX 3apJIJKeHHbiX 
'-IUC111UI.I, 3a ucKA10'-IeHueM npomoHoe c p < 700 M3B/c 
/e npoijeHmax/. Kpuea.11 - pac'-lem no MooeAu FAay6epa. 

Ta6mma 

<n_> 
D± 

<n+ > 
<n > D --- <n± > --

D - D± 

MoJle1lb 3,29 1,65 2,00 6,28 3,42 1,84 

3KcnepH- 3,24 1,53 2,12 6,32 3,24 1,95 

MeHT ±_0,03 ±_0,01 ±_0,02 ±_0,06 ±_0,02 ±_0,02 
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HeT ~H rrpo6e~oa B BameH 6H6~HOTeKe? 
8bl MOJKeTe noJiyqHTb no noqTe nepe~cJieHHble HHJKe KHHrH, 

ecJIH OHM He ObiJIH 3aKa3aHbl paHee. 
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