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§1. JiocmaHoaKa 3aoat~u 

B .H,nepHoii 4JH3HKe cpaBHHTenLHO xopowo H3y'leuw ,nBa 
KpaiiHHX THna .H,nepHbiX peaKL\HB, OllHCbiBaeMbiX; COOTBeT- · 
CTBeHHO, MeXaHH3MaMH np.HMOrO H paBHOBeCHOrO npoTeKa
HH.H nponecca. llepBwii npe.nnonaraeT yqacTHe B peaKL\HH 
nuwL npocTeiiwux Kou«<Jurypal\HB .H,npa, HanpHMep, - KBa3H
qacTH'IHhlii, a BTOpOB - HanpOTHB - C'IHTaeT Cyll\eCTBeHHOB 
llHWb MHOrO'IaCTH'IHYIO KOH«<JHrypal\HIO, THITH'IHYIO.Il.llH COCTal3-
HOrO .H,npa. Me:>K,ny 3THMH THnaMH peaKL\HB ne:>KHT o6wupuaH 
u noKa Mano H3y'leuHaH o6nacTb - TaK Ha3biBaeMwe peaKUHH 
npe,npaBHOBecuoro pacna.na . .H,npa. llpocTeiiwue Mo,nenu, npe.n
llO:>KeHHble ,nnH HX OITHCaHHH /I ,2/, H03BOllHllH B OCUOBHbiX 
qepTaX ITOHHTL MeXaHH3M TaKHX peaKL\HB H, npHHTH, no-BH.It.H
MOMy, K rnaBHOMY 3aKniO'IeHHIO, 'ITO B HHX nocne,noBaTellbHO 
yqacTBYIOT BCe KOMITOHeHTbl COCTOJIHHB o6pa3YIOIL\eHCJI B xo,ne 

. peaKL\HH .H,nepuoii cucTeMLI OT npocTeiiwero Bxo.nu<:>ro .no 
CllO:lKHOrO MHOrO'IaCTH'IHOrO paBHOBeCHOrO COCTOHHHH. fipH 
3TOM B npOL\eCCe "ycnO:>KHeHHJI" COCTOJIHHJI CHCTeMbl B03-
MO:lKHbl nepeXO.It.bi H3 Ka:>K,noii npoMe:>KyTO'IHOH 0 CTyneHH B KO
He'IHOe Ha6nro.naeMoe cocTOJIHHe. )J.o cux nop 3,necL auanu-
3HpoBanucL peaKL\HH, B KOTOpbiX nH60 He y'laCTBYIOT, nu6o He 
npO.HBllJIIOT ce6JI HeKOTOpble COCTOJIHH.H Jl,npa, Bbl,neneHHble 
B cuny caoeii cnel\H«<JuqecKOB npupo~LI. K TaKHM COCTOJIHHHM 

' . ' .. 
OTHOCJ!TCJI. npe:>K,ne ~cero YPOBHH ruraHTCKOrO .It.HITOllbHOrO 
pe3oHaHca .H,npa, pacnono:>KeHHoro. npu 3Hepruu Bwwe nopor,-a 

oT,neneuHH HyKrioHa. llo3TOMY HHTepecHo npoaHanH3HpoBaTL 
«<JoTo.H,nepiiwe peaKL\HH 'uM.eHHo TaKoro · KorepeHTHoro THiui. 

!( y ,n) , (y ,p) , (y, f) .H T.n./, Kor.lia o6pa3oBaBweecH B pe-
3ynLTaTe «<JoTonornoweHHJI .H,npo B xo.ne npe,npaBHoBeCHoro 

3 



•· 

~ 

pacna;n;a H3 HCXO,D;HOrO COCTOJIHH.H: .D;Hnom.noro B.036y)K)l;CHHJI 

ncnyci<aeT neiiTpon, npoTOH li T .n. AHa.JIH3 peaKQHH ( y, n) 

H CCTL npe,D;MCT HCCHC,D;OBaHHJl ,D;aHHOH pa60TLI. 

3anHWCM, I<ai< 06LI'IHO, BepOJITHOCTL BLIHCTa H3 JI,D;pa 

clloTonyi<nona copTa j B HHTepaan 3Heprnn de. B BH,D;e 
J 

Ermax 
N(e )de ==ff S(E )a (E )WJ(E ,c)dE Ide /1/ 
. j j . B. y y y y J y J • 

J 

3.necL B j - _3Heprng oT,neneiJ:ng nyi<nona, S(Ey) - cnei<Tp 

TOpM03HOro H3HY'ICHHJI raMMa-I<BaHTOB /3a,naeTCJl 4JopMy

noii. illn4J4la (
31 I, W j (E y' e j) - ae~oJITHOCTL pacna.na g,npa 

c awneTOM nyi<nona I<HHCTH'Ieci<oH 3Heprnn e j • Ce11enne 

clloTonorno~QeHHJI a y ( Ey) MO)KHO B3JITL H3 3I<CnepnMeHTa 

H npe,D;CTaBHTL ,ll;HJI npOCTOTLI paC'ICTOB B BH,D;C napaMeTpH-

30BaHHOHI<pHBOH 

2 2 
a (E ) = I Ey antr m ' 
y y m=l ,2 (E2 -E 2) 2+E2r 2 

y m y m 

/2/ 

r.ne am , rm H E m - napaMeTpLI onTHMH3aQHH. 

TenepL ocnoanoii 3a,naqeii JIBnHeTcJI BLI'IHcnenne aepo

JITHOCTH pacna;n;a JI,npa W . ·• 
J 

§2. MooeAb npeopaaHoaecHozo MHozocmyneHt~amozo 
pacnaoa /MHMP/ · 

B nacTOJIIQee apeMJI H3BecTeH pg,n npn6JUDKeHHLIX n 

"TO'IHLIX" MO,D;eneii npe,npaBHOBCCHOrO pacna,na JI,D;ep, B03·

HHI<aiOIQHX B peai<o;HJIX c yqacTHeM g,nepnwx qacTnn. Mnorne 

H3 nnx /TaiOKe · n paccMaTpnaaeM:bie HIDKe/ ncnon~-
3YIOT npe,ncTaanenne o6 3I<CHTonnoii I ·qacTH'IHo-~w-
poqnoii/ CTPYI<Type BLICOI<OB036}')K.nennwx cocTOJIHHii ,.·.nep 

C 3HeprHCH BLIWC. nopora' OTJ:ieneHHJl HYI<HOHa. flo cpaBHCHHIO 

C TO'IHLIMH MO,D;CHJIMH, rJ:ie CTpOJITCJl H 'IHCHCHHO pemaiOTCJl 

COOTBCTCTBYIOIQHC I<HHCTH'ICCI<HC ypaBHCHHJl ,D;HJI BepOJITHO-
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CTCH CYIQCCTBOBaHHJl B036y)K)l;CHHOrO JI,npa B ,D;aHHLIH MOMCHT 

BpCMCHH B, 3a,D;~HHOM COCTOJIHHH, npH6HH:>KCHHLIC , MO,D;CHH 

~aiOT JlBHLie aHa.JIHTH'ICCI<HC BLipa:>KCHHJl ,D;HJI 3THX BCpOJIT

HOCTCH, 'ITO no3BOnJieT noHJITL 4Jn3HI<Y JIBnenHJI H 3aancn

MOCTL MCXaHH3Ma peaKQHH OT BBO,D;HMLIX napaMeTpOB. C4Jop

MynnpoBaHHaJI HH:>Ke npn6nH:>KCHHaJI Mo.nenL npe,npaanoaec

noro MnorocTynenqaToro pacna.na /MIIMP/ cocTOHT a .nanL

neiimeM YCOBCfWCHCTBOBaHHH y:>Ke CflO)KHBWHXCJl CXCM /CM., 

nanpHMep, /I •2 /, B I<oTopwx onepnpyroT c npn6niDKeHHLIMH . 

awpa:>KeHHJIMH .nns aeposTHOCTeii. IIpn 3TOM H3 · ace.x m!pe

XO,D;OB BHYTPH CHCTCMLI Y'IHTLIBaiOTCJl TOHLI<O TC,. 'ITO 

n,nyT B o.nny cTopony - oT npocTLIX :I< cno:>KHLIM. MIIMP 

6nH3I<a I< • o.nnoii H3 pa3pa6oTannwx ·· a nocrie.nnee :BpeMJI 

Mo,neneii /4/. · 
. Ilpe,D;CTaBHM BCPOHTHOCTL pacna,na JI,D;pa B BH,D;C 

W . ( E e .) = W. ( E y• e 1.) + W 
1
• ev ( Ey , e 

1
·). 

J y J J, pre • /3/ 

3,neCL W j, pre - ,BepOHTHOCTL BLIHCTa: H3 H,D;pa HYI<HOHa · 

copTa j c I<HHeTH'Ieci<oii 3Heprneii e i . a xo.ne npe,npaano

aecnoro pacna.na s.npa H3 naqanLnoro B xoneqnoe cocTosnne 

cTaTHCTH'Ieci<oro paanoaecns. B name:M cnyqae naqanLHLIM 

JlBHHCTCJl COCTOHHHC .D;BYXI<Ba3H'IaCTH'IHOrO B036y)K)l;eHHJl ni
na lp lh /'IHCHO 3I<CHTOHOB 0 =p+h = 2 /, B I<OHC'IHOM 

COCTOHHHH 'IHCHO · 3I<CHTOHOB 0 =0 = \} 2 gE , r,ne g- ycpe,n

HCHHaH nnOTHOCTL O,D;HO'IaCTH'IHLIX ypOBHCH. ,lJ;anee, W j,ev 

CCTL BCpOHTHOCTL "ncnapCHHH" HYI<HOHaH3 3TOrO I<OHC'IHO-

ro, paanoaecnoro cocTOHHHH. Ona onpe,n{mseT~;R I<ai< · 
- 7' - . 

· W i ,e v ( E y , e i ) = P ( n , E y) ~ w e v ( E y , e i ) ~ _ /4/ 

r ,ne p ( n E ) - ~epOHTHOCTL ,D;HH CHCTCMLI HaXO,D;HTLCJl B CO-

CTOHIIHH p~BHOBCCHH, a W ev - BCpOHTHOCTL HCnapeHHH, 

I<OTOpag paCC'IHTLIBaCTCJl no H3BCCTHLIM CXCMaM /S/ ;· . 
,IJ;iiH ~aXO)K,Il;CHHJl W j ,pre npe,nnOHO)KHM, 'ITO H3 I<a)K,Il;OrO 

COCTOJlHHJl ·npOMC:>KYTOtiHOrO B036y:>K.D;CHHH C 'IHCHOM 3I<CH

TOHOB k = p + h HYI<HOH MO:>KCT nH60 COBepmaTL m!peXO,D; 

B nenpepw.~n"hlii ~nei<TP c aeposTHOCTLIO w ~ (k, Ey , e ): . nn6o 

c aepoJITHOCTLIO w+ ( k, E -Y ) nepeao,nnTL s.npo B 6onee 
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CJIO>KHOe COCTOJIHHe (k+2) 3a C'leT ,I(BYX'IaCTH'IHOrO .B3aHMO-. 

J(eHCTBHJI BHYTPH S,I(pa. 3.I(eCb Mbl npeHe6peraeM BeposT

HOCTbiO CtJ O OCTaTbCJI B ,I(aHHOM COCTOSHHH H BepOSTHOCTblO 

w_ o6paTHoro nepexo,I(a B 6onee npocToe cocTOHHHe THna 

(k-2).Tor,I(a BepOSTHOCTb ,I(JIS CHCTeMbl HaXO,I(HTbCS B ,I(aHHOM 

COCTOJIHHH 0 onpe,I(eJISeTCJI I<ai< 

P(n,E . ) y 

n-2 w+ (k, Ey ) 
I . -------=---~--

k= no r ( k, E )+ w ( k , E ) 
11k=2 c y . + y 

/5/ 

3Ta BeJIH'IHHa y'IHThiBaeT · B03MO>KHOCTb pacna,I(a s.I(pa Ha 

I<a)K,I(OH H3 npe.zihiJ\Yll\H~ cnt.I(HH. 3.I(ecb cyMMapHas BeposT

. HOCTb pacna,I(a H3 I<OH~HrypaUHH k B HenpepbiBHbiH cnei<Tp 

c BbiJieTOM HYI<JIOHa .3HeprHH Ej ·> 0 

E -Bj j 
rc (k,Ey) =I r. =I r w (k,E , dd ( /6/ 

• J J' 0 c y J . 

Bblpa)KaeTCS 'lepe3 06bi'IHYIO BepOSTHOCTb pacna,I(a, I<OTOpyiO 

MO)KHO .nony'IHTb Ha OCHOBe npHHUHna ,I(eTaJibHOrO 9:tfa~ca. 
Kai< 6biJIO noi<a3aHo B ps,I(e pa6oT /eM., HanpHMep, I oaa 

paBHa 

. . 2s i + 1 f. 
w l (k,E , ( ) = . 2-1:. 3 k1 

c Y TTil 

11A Pk 1 (A-1,E -B.-£} 
-a(dE- - y J 
A+ 1 p p (A E , , /7 I 

k ' y 

r,I(e COOTBeTCTBYJOLL\He nJIOTHOCTH 3KCHTOHHbiX COCTOSHHH 

S,I(pa 6epyTCH, I<ai<'o6bi'IHO, COrJiaCHO /
6 /:. 

pk(E)= _g(gE)k-I 

p!h!(k-1)! 

.-•·-

(k=p+h)~ /8/ 

3,I(eCb g - UJIOTHOCTb O,I(HO'IaCTH'IHbiX COCTOJIHHH, _rl!ai<TOp 

(2s j + 1) Y'IHTbiBaeT BblpO)K.I(eHHe no npoei<UHSM cnHHOB, 

f kj - ,IJ;OJIS HYI<JIOHOB ,I(aHHoro COpT a j, cpe~H BCeX p HYI<-

noHoB cocTosHHs k - 3KCHTOHHoro Bo36y)K,I(eHHs s,I(pa A , 
a ( () - c_e'leHHe nornomeHHH HeiiTpoHa ·· 3HeprHH ( ·s.I(pOM 

(A-1). 
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CyMMapHaS BepOSTHOCTb . nepeXO,I(a H3 COCTOSHHS k B 

6onee · cno>Kiloe (k+2) cocTos:HHe HaMH BLI6Hpanaci. B BH,I(e
14/ 

w+(k;Ey;=c~~~ i(E=E),_~~j) •· . /9/. 

r.I(e 

W=v·p·<d>=v/'A 
",: . 

/lO/ 

p- .nnoTHOCTb HYI<JIOHOB B s,I(pe, a<a:> .- nonHoe ce'leHHe 

CTOJII<HOBeHHH B S,I(epHOH MaTepHH, paCC'IHTbiBaeMoe ~ornac
HO / 7 / ~Tai<OH cnoco6 y'leTa I<OHI<ypeHUHH I<aHaJIOB.npe,I(CTaB-'. 

JISeTCJI -6~Jiee nocJie,I(OBaTeJibHbiM, . ':leM· HCnOJib3yeMbiH .. B 

"rH6pH.I(HOH MO,I(eJIH" / 8/. . , · ~' ... :. , . · _ 

Teneph BeposTHOCTb-. BbiJieTa HYI<JIOHa ·B'· aenpephiBHhiii 

_cnei<Tp H3 BCeX COCTOSHHH npo,Me)KyTO'IHOro B036y)K,I(eHHH, 

Ha'IHHaS C HCXO,I(HOrO 'laCTH'IHQ- ,I(blpO'IHOrO, no ,I(OCTH)KeHHH 

COCTOJI~HJI CTaTHCTH'IeCI<OrO paBHOBeCHJI onpe,I(eJiseTCJI I<ai< 

W. (E ( .) =- i_ P(n,E ). cur(n,Ey,q) • /11/ 
J,pre Y J n=no Y r (n,E )+w (n,E) 

(' y + y . 
An=2 

llO.I(CTaBJIJIJI CIO,I(a Bbipa)KeHHJI /5/-/9/ H HCDOJib3YH 3aTeM 

/3/ H I 4/, nonyqaeM B03MO)KHOCTb Bbi'IHCJIHTb noJIHYIO 

BeposTHOCTb /1/ ucnyci<aHHH HYI<JIOHa H3. s,I(pa A, B036y)K: 

,I(eHHoro B. pe3yJibTaT.e · ,I(HDOJibHoro ,nornomeHHH raMMa

I<BaHTOB. TOpM03HOrO H3Jiy'leHHS. 

P.aCCMOTPilM, HaCKOJlbKO y.I(a'IHO B paMKaX 3TOH MO,I(eJIH 

y.I(aeTcst onucaTb HeiiTpOHHbie ;cneKTpbl :B rl!o'I'~~.I(ep~i.IX peaK.": 

uusx. Ho npe)KAe cn.e.I(yeT 3arl!HKcHpoBaTi. napaMeTpbl M.o.I(eJIH 

cpaBHeHHeM .. pac':le'I'OB BepOSTHOCTH pacna,I(a S,I(pa _ /3/ C 

,I(aHHbiMH ·no CUeKTpaM BbiXO,I(a B peaKUHSX C .. S,I(epHbiMH 

'laCTHUaMH, KOTOpble y)Ke · ycnemHO 06'bHCHJIJIHCb paHbille 

Ha ocHoBe MexaHH3Ma npe.I(paBHOBecHoro pacna,I(a. C 3Toii 

uenhiO ,I(JIH MllMP 6LIJI noBTopeH pacqeT pa6oThi / 4 /, r.I(e 

B paMKaX 6JIH3KOH MO,I(eJIH paCC'IHTbiBaJIHCb H cpaBHHBaJIHCb . 

c 3Kcne~HMeHTaJibHhiM ce~eHHeM peai<UHH (p,n) Ha -s.I(pax 
89 y, 60 Gd , 169rm . TaKHe BXO,I(Hble ,I(aHHhle, KaK 3Hep-

rHs CBJI3H, Ce':leHHJI "o6paTHOH peaKUHH H .I(p./CM. Bblpa)Ke-
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HHe 11 i I· 6Lini ~3JITLI. ~3·. pa6o;~191 ,!'iui~aM~~P · C= 0,4± 

± 0,'02 nonyqeu 'no.l{dnixoii: noh Yxa3aHHLiii: 3XCnepHMeHT. 

Tenep_L MIIMP nonuocTLIO• onpe.l{eneua H ee MO>KHO nonLI

TaTLCJI HcnonL30BaTL 6e3 BBe.l{eHHJI HoBLix napaMeTpoB MJI 

06'LJICHeHHJI cnexTpOB liJOTOHeii:TpOHOB :*. 
THnH'IHLiii: npHMep Taxoro cpaBueHHJI . .l{aH ua puc. 1 

I 3,ll;eCh H BCIO.l{Y .l{anLwe xpHBLie uopMHPYIOTCJI ua nno~a.l{b 
3xcnepuMeHT~JILHLIX cnexTpoB, ua'IHHaJI c £ = 1 M3B, 
noCXOJILXY·, • OHH H3MepeHLI B OTHOCHTeJILHLIX. e,l{HHHUaxl. 

BH.l{HO, 'ITO no OTHOWeHHIO X 'IHCTOHCnapHTeJILHLIM cnexTpaM · 

lnYHXTHPI, yqeT npe.l{paBHOBecHoro pacna,D;a I cnnoWHLie 

JIHHHH/ynyqruaeT Xa'leCTBeHHOe COrJiaCHe C 3XCnepHMeHTOM, 

o6ora~aJI cnexTp BLicoxo3HepreTH'IecxHMH ·Heii:TpoHaMH. O.D;

HaXO · Me>K.D;Y TeOpHeH··H; 3XCnepHMeHTOM OCTaeTCJI 3aMeTHOe 

pacxo>K.D;eHHe - _6onLwe 'I eM Ha nopJI.l{OX BenH'IHHLI - B o6-

JiaCTH 3KCnOHeHUHaJILHOrO cna.D;a. 0HO npOJIBJIJieTCJI TeM 

60JILWe; 'leM .B.60JILWeii: •CTeneHH B B036y>K.D;eHHe BOBJie'leHLI 

COCTOJIHHJI rHraHTCXOrO .D;HnOJILHOrO pe30HaHCa. 3TO BH,IJ;HO 

H3. cpaBHeHHJI pe3yJI~>.TaTOB .D;JIJI .D;BYX 3Ha'leHHii: 3HeprHii: E mar 

BLIJICHHTL npHpo.D;y 3Toro pacxo>K~eHHJI - O.D;Ha "H3 HaH-

6onee HHTepeCHLIX 3·a,D;a'l~ )J;eii:CTBHTeJILHO, OHO MO>KeT 6LITL 

BLI3BaHO xax npH6JIH>KeHHLIM onHCaHHeM MeXaHH3Ma peaKUHH 

B paMxax MIIMP, Tax H ynpo~eHHLIM npe.D;cTaBneHHeM o 

nJIOTHOCTH BLICOXOB036y>K.D;eHHLIX COCTOJIHHH JI,D;pa 181, no-: 

ny'leHHoii: H3 · npocTeii:WHx· coo6pa>KeHHii: xoM6HHaTopHXH• H 
xoTJI' ·'npocTLie ·Mo.D;enH THna MIIMP · o6LI'IHO xopowo ce6JI 

onpaB,D;LIBaiOT npH cpaBHeHHJIX C 3XCnepHMeHTOM lnpaB.D;a, . 

no CHX nop 3TO 6LIJIH' peaKUHH C· JI.D;epHLIMH 'laCTHUaMH/, TeM 

He MeHee . .D;eJiaTL ·Ha OCHOBe nony'leHHLIX paCXO>K.D;eHHH BWBO,IJ; 

0 'IYBCTBHTeJILHOCTH ·liJoTOJI.D;epHLIX peax.UHH npe,D;paBHOBeCHO

ro pacna.D;a x .D;eTaJIJIM cTpyxTypLI JI.D;pa·6Lino 6LI noxa ·npe>K

.D;eBpeMeHHLIM •. TeM 6onee H3BeCTHO, 'ITO B .D;pyrHX peaXUHJIX 

nO.D;06HLie pac.XO>K.D;eHHJI noxa y,D;aBaJIOCL ycTpaHJITb·YTO'I· 

HeHHeM JIHWL MeXaHH3Ma peaXUHH, HanpHMep, nepeXO,IJ;OM 

x 6onee TO'IHLIM 3XCHTOHHLIM ·Mo.D;eJIJIM pacna,D;a. Ilo3TOMY 

* IlpHBe.D;eHHLie B 3TOM H cne.D;yro~Hx pa3,D;enax 3xcnepH- ~ 
MeHTaJI_?HLie ,D;aHHLie nony'leHLI CYMMHpOBaHHeM Tfh)l'TPOB 
liJoTOHeHTpOHOB, H3MepeHHLIX no.D; pa3HLIMH yrnaMH • _ 
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HH>Ke MLI npoBe,D;eM pac'leT TOH >Ke liJoTOJI.D;epHOii: peaXUHH, 

HO C nOMO~IO 6onee TO'IHOrO no.zixo,D;a - B paMXaX MO,D;eJlll 

XHHeTH'IeCXHX ypaBHeHHH. 

W(E) '"'\ 

1Q4 

.163 

' 

103 

102 

1Q1 

0 

\' 
\' 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
I 

2 4 

197Au( (f,nJ 

Er,.;; 14 MeV 

6 8 10 12. E,MeV 

Puc. 1. CneKmpbl ¢omoHeiimpoHoa a MOOe.tJu npeopaaHoaec-: 
HOZO MHOZOC1!1yneH'IQ1!10ZO pacnaoa /cn.IIOWHbl€ .IIUHUU/. IlyHK;. 
mup - paaHoaecH,;ii, ••ucnapumeAbHr.iii" i:neKmp. 
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§3. Moou¢uflupoeaHHa.Jt 3KcumoHHa.Jt MOOeA& /M3M/ 
- - . 

IIpe.nno:>KeunaH BLIIIIe _ Mo,nem, .naeT npu6nli:>KeHHLiii cnoco6 
BLI'IHClleHHH BepOHTHOCTeii HCnycKaHHH HYKllOHa no Mepe 
CTpeMneHHH K paBHOBeCHOMY COCTOHHHIO. 0,nHaKO MO)KJ{O 
JanucaTL ·TO'IHOe ypaoueuue ,nnH oepoHTHOCTH P(n,t) uaihu 
H.IJ;pO B MOMeHT BpeMeHH t B COCTOHHHH C 'IHCllOM 3KCHTO
HOB n H 3Heprueii aoJ6y:>K,neHHH E /II1 

d P n (E, t) 

dt 
= - [ w ( n , E) +w ( n, E)] P ( E, t) + 

+ - - n 

+w+(n-2,E)Pn_2( E,t)+w_( n+2,E)Pn+
2 

(E,t)-

-Pn(E,t) ~ I'i (n,E) + 
l 

1121 

+~f dc.fdE'(v (n,c.)P A (E',t).O(E~E-B.-£.), 
j J <' J n+ j J J 

r,ne CYMMHpOBaHHe BhiUOllHHeTCH no BCeM BOJMO:lKHhiM TH
naM j ucnycKaeMLix qacTHU c MaccoBLIM qucnoM A i . 
CucTeMy ypaoueuuii 1121 ueo6xo.nuMo .nononHHTL uaqanL
HhiM ycnc>BHeM 

-P (E=E ,t=O)=o . 
n . y ""o 1131 

~OpMallLHO CHCTeMa 1121 OTllH'IaeTCHOT KHHeTH'IeCKO-
'I2 1 -ro ypaouemiH, .nauuoro B : · • npucyTCTBHeM .noyx nocne.n-

HHX 'llleHOB, KOTOphle Y'IHThiBaiDT He TOllhKO BepOHTHOCTh 
yxo.na B cocTOHHHH uenpepLIBHoro cneKTpa, no u nocne.no
oaTenLuoe ucnycKauue uecKonLKHX qacTHU. Mo.nulbuuupo-· 
BaHHaH 3KCHTOHHaH MO,nenh IM3MI, cllJopMynHpOBaHHaH 
B pa6oTe /II I, HHTepnpeTupyeT npouecc H.n;epuoii penaKcauuu 
B TepMHHaX TeOpHH Clly'laHHLIX _ MapKOBCKHX npouecCOB H 

paccMaTpuoaeT ypaaneuue 1121 KaK cooTBeTCTBYIDIUee ypao
ueuue KonMoropooa-_q3nMeua~-. TaKoii . no.nxo.n noJBOnHeT 
yKaJaT.L npocToii cnoco6 pellleHHH cucTeMLI 1121 -: npHMoe 
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Mo.nenupooauue c noMOIULIO MeTo,na MouTe-Kapno opeMeH
uoro nooe.neuug BOJ6y)f(.IJ;eu:Hoii· g,nepuoii- cucTeMLI. KpoMe 
Toro, ou noJoonHeT e.n;HHLIM o6pa3oM onucaTL oecL npouecc 

- "c6poca" H.n;epuoro ooJ6y:>K,neuuH, BKnro'laH ucnycKauue 
qacTHU ua cTa.nuu _cTaTHCTH'Ieci<:oro paouoaecuH. IIpu 3TOM 
B M3M ecTeCTBeHHLIM o6paJoM y'IHTLIBaiOTCH BHYTPHH,nep
HLie nepeXO.IJ;hl C ~n= 0; BepOHTHOCTL KOTOp~X paBHa w 0(n, E) 
l.neTanu eM. B pa6oTe II'l *. -

. B. M3M aep"oHTHOCTL yxo.na B uenpe:QLIBHhiii cneKTp 
w ~ (n, E ) onpe.neneua TOH ::>Ke llJyuKuueii 17 I; n Ka'leCTBe 

p HCnOnLJOBaHO COOTHOIIIeHHe IBi, KOr,na n:S n H p (E)= 

-exp 2 ...j a E npu n > ii . -
IIpu uaxo:lK.IJ;eHHH oepoHTHOCTH nepexo.noo ¥e:>K,ny paJ

llH'IHLIMH npoMe:>KyTO'IHhiMH COCTOJIHHJIMH H.IJ;pa, 

2rr . 2 
w , ( n, E)= - I M , I p (E), 

n->n h n->n n 1141 

npeue6peranocL paJnH'IHeM , MaTpH'IHLIX JneMeHToo; T.e. 
nonaranocL M _; = M ~ = M ~ = M 2 , u n.hoTHOCTL .nocTynHLIX 
COCTOJIHHH Bhi'IHCnHnaCL Ha OCHOBe 3KBH.IJ;HCTaHTHOH CXeMhl 
ypoaueii/13/.B paMKax M3M a6coniDTUaH ouenKa KBa,npaTa 

* Cne.nyeT JaMeTHTb, 'ITO Ja,nauue E u n B qacTH'Ino
,nLipO'IHOM npe,ncTaBneHHH OnHCLIBa·eT H.IJ;epuyio KOH$HrypaUHID 
C TO'IHOCThiD .IJ;O nono:>KeHHJI naphl 'laCTHUa-,nhlpKa OTHOCH
TenhHO ypoBHH ~epMH. Ecnu xapaKTepHJOBaTL _3TO "oLipo:>K
.neuue" HH.IJ;eKCOM ll, TO npu Bhi'IHCneHHH BepOHTHOCTeH ne
peXO.IJ;OB C ~n= ±2, 0 ueo6XO.IJ;HMO npocyMMHpOBaTh COOT
BeTCTBYIDIUYID BepOHTHOCTh no BCeM .IJ;OCTYDHhiM KOHe'I?.IM 
cocTOHHHHM v. M~I ucnonLJyeM w~11 (n,E) HJ pa6oTLI 13< 
r.ne TaKoe cyMMHpooauue BLinonueuo .ua 6aJe cxeMLI JKau
.nucTanTHLIX ypooueii, npu'leM nepexo,nLI, o'rnuqawmuecH 
IIHIIIh JHa'leHHeM HH.IJ;eKca· KOHe'lllhiX COCTOJIHHH, C'IHTallHCL 
paouoaepoHTHLIMH. Tor.na ace qneHLI _c w 0 (n,E) . _ B ypao
ueuuu I 121 coKpamaiDTCH, HMapKOBCKHii npouecc oKaJLioaeT-· 
cH- c·TauuouapHLIM · OTH<lCHTeni.uo nepeMenu~ii v . ToT lbaKT, 
'ITO nepexo.nLI c ~n = 0 ua ·caMpM .nene cymecTBYIDT, cKa-
3hiBaeTCH B 3TOM cnyqae TOnLKO Ha cpe,nueM BpeMeUH )KJIJHU 
g,npa B npoMe:>KyTO'IHOM COCTOJIHHH, pa8HOM 

--- ' . - -I 
Lw 0 (n,E)+ w+ (n,E) +w_(n,'E)+rc(n,E)]. 
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MaTpH'IHoro . 3neMeHTa M2 nony'leHa B npe,JJ,nono.>KeHHH, 'ITO 
nepeXO,D,LI C ~0= 2 MO.>KHO paCCMaTpHBaTL KaK KBa3HCB0-
60,D,HOe pacce1IHHe BHYTPH1I,D,epHLIX qacTHI.l, H TaKHM o6pa-
30M MO.>KHO BOCllOnL30BaTLC11 COOTHOuieHHeM THlla /10/, 
T.e. 

277 2 · . a(v).v 
w+(n,E)= -M p (n,E)=C < >. 

1i. + . 2 v /15/ 

3,D,eCL apryMeHT ycpe,D,HeHHOrO .ce'leHH11 B3aH~OJf~i.~JBH11 
B OTllH'IHe OT ,D,pyrHX npe,D,paBHOBeCHLIX MO,D,eneH on
pe,D,en1IeTC11 cpe,D,Heii 3HeprHeii, npHXO.D.1III.leiic11 Ha O.D.HY B03-
6y.>K,D,eHHYIO .laCTHI.lY /~l< a 06'LeM B3aHMO,D,eHCTBH11 BLI6paH 
B BH,D,e 'V = "3·17 (2r c +A) , KaK 3TO ,D,enaeTC11 B MO,D,ell1IX BHYT
pH1I,D,epHoro xacKa,D,a /IV I r c = 0,4 - «llepMH-pa,D,Hyc xepHa 
HyxnoHa, X - . .D.e6poiineacxag .D.nHHa · BOnHLI/. Bae,D,eHHe 
K03414lHUHeHTa C2 OTpa.>KaeT TO'IHOCTL Ol.leHKH, C,D,enaHHOH 
.D.ll11 M 2, aenH'IHHa t 2 .D.On.>KHa no·.D.6Hpa TLC11 H3 cpaaHeHH11 
pe3ynLTaTOB pac'leTa c 3KCnepHMeHTOM. KaK noKa3an aHa
nH3 06WBpHLIX ,D,aHHLIX ITO ClleKTpaM HeiiTpOHOB, HCll~eH
HLIX no,D, ,D,eiicTBHeM nepBH'IHLix HeiiTpoHoB 3HeprHH 14,5 M3B, 
MO.>KHO llOllO.>KHTL C xopoweii TO'IHOCTL C 

2 
= 1 /l ~/ 

OKOH'IaTenLHLie BLipa.>KeHH11 .D.ll11 aepo1ITHOCTeii nepexo,D,a 
Me.>K,D,y pa3llH'IHLIMH COCT01IHH1IMH 1I,D,pa HMeiOT BH,IJ, 

w+(n,E)=< a(v)v > 
v 

w
0
(n,E)=< a(v)v 

. ·v 
1 

> 4 g E • (3n-2 )( n + 1) 

( a(v)v 1 · · 
w n , E) = < . .., > 9 ·• ph ( n -2 )( n + 1) ~ 

(gE) 

/16/ 

Mo,D,enHpoaaHHe npouecca 1I,D,ep~oii penaxca·uHH H nocne
.D.YIOII.lero paaHoaecHoro pacna,D,a Henocpe,D,CTBeHHO ,D,aeT xax 
. W j, pre (c) , . TaK H .W j, ev ( £ ) • 0,D,HaKO «iiopMallLHO .COOT
BeTCTBYIOII.lYIO Bep01ITHOCTL, HanpHMep W j,pre (£), MO.>KHO 
BLipa3HTL qepe3 peweHHe CHCTeMLI /12/ KaK 

~ ~aa~Ey . 
W. (d=I JdtJdE'·P(E',t)W 1 (n,d, /17/ 

J,p re n=no 0 . .. 0 n c 

12 

\:." 

f.D.e t pl:iaH·. onpe.J:t.en1IeTc11 M:oMeli_!oM .D.OCTH.>KeHH11 cocTo:iliiH11 
pa:B:HoaecHJI, i~e·. 3HalleH:HeM· ·· n = n.. · ' · . :· · " '· · · ·· 

····cne·.n:Yei, oT:M.eiiiTL~ ·qio ·B paM:xax Taxoii «llopM:ynHpoBKH 
nepeXO.D.K o6Li ... H~M npH6nmKeHHLIM. Mo.ri;en1IM npe,D,paBHOBec ~ 
ii01··o~ :Pacna.D.a'ocYtitecTimJiEncx :BLI6opo:M ycpe]uie·llnoii "rna:B
iloii' Tpaexi'opH:H'' ·cny>laiiuoro ·M:ap:Ko-acxoio 'npouecca 111 1~·· -
. Ha P.Uc. 2 noxa3aiio cpaBHeHHe pe3yni.ia:toa' pac'leT'oa rio 

. . . . ' ~ . . ~ · .. ·_. . ;-. : ~~ ~ 

_; ,. 

W(E) ~ • .. ! . • • t .... 

.. 197Au ( '6,n) !- ~ 1'" 

;"' 

·104 • e: 

;~~ 

' 

103 
;. 

l. 

103 
., ' 

102 - . 
;. 

:'I 

101 E =14MeV r-
L' 

.. r·· ... 

' 
0 .. 1 4 6 8 10 1i . E. ,M~V .. 

Puc. 2.· CneianpwtftomoHeumpoHoe e .Mooutftut.~upoeaHHOu 3Kcu
moHHOu MooeAu /cnAOUlHble_ /IUHuu/. IlyHKmup - paeH06eCHblu, 
"ucn·apumeAbHblii" cneKmp. 
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M3M, co cnexTpaMH, «iJoToHeii:TpoHoB H3 JIJJ;ep 3onoTa. XoTJI, 

KaK OTMe•uinocL ahiwe, ace napaMeTpbl M3M $HKCHPOBaHhi 

no JJ;aHHhiM (n,n')- peaxnHii:; pe3yni.TaTbl npHBeJJ;eHHhiX pac

'leTo:B · 6nH3-KH K_ nony'leiiHhiM a paMKax MTIMP, rJJ;e napa

MeTphl 3aKpennJinHCL no . .AaHHLIM {p ,n )-peaxnHii:. Boo6IUe )l(e 

6nH3ocT:i. pe3ynLTaToB pac'leToB B npH6nH)l(eHHoii: :H TO'llioii: 

MOJJ;ellJIX B J];aHHOM cnyqae Mo,lceT fibiTb. o6ycnoaneHa TeM~ 
'ITO, KaK noKa3aHO B pa6oTe/ll/,ripH E * ~ 25 M3B BllHJIHHe 

.ABYX nocneJJ;HHX qneHoB ypaaHeHHJI /12/, Y'IHTbiBaiOIUHX 

BepOJITHOCTL pacnaJJ;a 3a)J;aHHOrO COCTOJIHHJI c: BbiXO)J;OM 

HYKllOHa B HenpepLIBHbiH cneKTp H BepOJITHOCTb )J;llJI CHCTeMbl 

aepHyTLCJI a TO )l(e :iaJJ;aHHoe cocTOJIHHe, Heaen~Ko. llo3TOMY 

B 060HX MOJJ;ellJIX )J;OMHHHPYIOIUYIO ponL HrpaiOT TOllLKO 

BHYTPHJIJJ;epHble nepexoJJ;hl 11epe3 cocTOJIHHJI 3KCHTOHHoro 

ao36Y'>KJJ;eHHJI, a cpeJJ;H HHX /xax H npeJJ;nonaraeTcJI B MTIMP I 
nepexoJJ;bl B cTopoHy "ycnmt<HeHHJI" · 3KCHTOHHoii: CTPYKTypw 

COCTOJIHHH. . 

HTaK, H · B npH6llH)l(eHHOH, H B 6onee TO'IHOH MOJJ;ellJIX 

npeJJ;paBHOBeCHOrO pacnaJJ;a B o6naCTH BblXOJJ;a 6blCTpbiX 

«iJoTOHeii:TpOHOB. 06Hapy)KHBaeTCJI paCXO)K)J;eHHe TeopeTH'leC

KHX H 3KCDepHMeHTallLHblX CDeKTpOB DpHMepHO Ha DOpJIJJ;OK 

BellH'IHHbl. 3TO CBHJJ;eTeiJLCTIJyeT 06 06IUeM H 6onee cepL

e3HOM, qe.M npoCTO HeyJJ;a'IHblH Bbl60p napaMeTpOB, HeJJ;o

CTaTKe MOJJ;eneii: npe,i(paaHoaecHoro pacnaJJ;a: Xopowo 3ape

KoMeHJJ;oaaawHe cefig B peaKUHJIX C ·JIJJ;epHbiMH 'laCTHUaMH, 

3TH MOJJ;enH HY*.AaiOTCJI B ycoaepweHCTBOBaHHJIX npH nepe

XO)J;e K aHallH3Y peaKUHH KOrepeHTHOrO THna, TaKHX, KaK 

«iJoTOJIJ];epHi.Ie peaK_UHH. 

§4. Pollb cmpyKmypbJ .110pa 

H3aecTHO, 'ITO cnenH«iJHKa «iJoT9JIJJ;epHhlX peaKnHii: cag-

3aHa C «iJaKTOM KOlllleKTHBH3aUHH JIJJ;epHbiX ypOBHeH JJ;HDOllb-

• Horo B036:Y')KJJ;eHHJI. TeopeTH'leCKHe pac'leTbl noKa3hiBaiOT, 'ITO · 

. DO)l ,D;eHCTBHeM OCTaTO'IHbiX JIJJ;epHbiX CHll JJ;BYXKBa3H'laCTH'l

llble ypoBHH 1 p 1 h . rpynnHpyiOTCJI B rHraiiTCKHH )J;HDOllbHbiH 

pe3oHaHc, Ha6nroJJ;aeMblii: npaKTH'leCKH so acex ·JIJJ;pax H pac

nonaraiOIUHHCJI o6bi'IHO- npH 3HeprHJIX Bhlwe nopora OTJJ;ene-

14 

HHJI HyKnoHa. B 3KcnepHMeHTe 3ToT pe3oHaHc npoJian.aeTcJI 

B ce'leHHJIX «iJoTonornoiUeHHJI /eM. /2//. EcTecTBeHHO npeJJ;

noJIO)l(HTL, 'ITO· OC06eHHOCTH CDeKTpOB «iJoTOHeHTpOHOB .TaK)l(e 

· CBJI3aHbl c 3Toii: o6~eii: oco6eHHOCTLIO JIJJ;epHoii: CTPYKTYPLI. 

. ,L(o CHX nop · B MOJJ;enJix npeJJ;paaHoaecHoro pacna:n.a 

HCDOJIL30BallOCL npOC_Teii:wee Bhlpa)l(eHHe )J;llJI. DllOTHOCTH 

cneKTpa 3KCHTOHHhiX B036:Y')KJJ;eHHii: /8/, KOTopoe nonyqaeTcJI 

Ha OCHOBe KOM6HHaTOpHLIX C006pa)l(eHHH H3 3KBH)J;HCTaHT- . 

Horo cneKTpa OJJ;HO'laCTH'IHhiX ypoaHeii: H He MO)l(eT y'IHTbl

BaTL B03MO)l(HOH KOlllleKTHBH3aUHH peanLHbiX JIJJ;epHblX co

CTOJIHHH. 'tJT06bl HCDpaBHTL 3TOT HeJJ;OCTaTOK, B HaWeM 

cnyqae )J;llJI CDeKTpa JJ;HDOllbHbiX B036y)l(JJ;eHHH COCTOJIHHH 

1p1h yKa3aHHaJI pe30_HaHCHaJI 3aBHCHMOCTL BOCnpOH3BO)J;HT-

- CJI G DOMO~LIO BBe)J;eHHJI MOJJ;YllHpyro~ero MHO)l(HTellJI B Bbl

pa)KeHHH /8/. Mo)KHO C'IHTaTL, 'ITO no «iJopMe 3Ta 3aBHCii .. 

MOCTL 6nH3Ka K Ha6niO,D;aeMOH Ha . 3KCDepHMeHTe ' 3aBHCH

MOCTH OT 3HeprHH ce'leHHJI «iJoTonornoiUeHHJI. TorJJ;a a:MecTo 

/8/ 3aDHWeM 

plplh 
aV 3KCD. 

plplh 
a y OJJ;HO'l. 

(18/ 

rJJ;e )J;llJI a y 3 KCD. MO)KHO BOCDOllb30BaTLCJI Bblpa)KeHHeM 

/2/ CO• 3Ha'leHHeM am -A, H3B,IJeKaeMbiM H3 JJ;HDOllbHOrO npa-

A2/3E n· . . -
BHna CYMM, a ay OJJ;HO'l. - • OCKOllLKY MOJJ;YllHpYIOIUHH 

«iJaKTOp HrpaeT HaH6oilee cy~eCTBeHHYIO pOllb llHWL B6llH3H 

3HeprHH rHraHTcxoro pe3oHaHca E -Em , TO B nepBoM npH-

6nH*eHHH MO)KHO DOllO)KHTL 
E2 E 2 

= +[( E; _m )2 +1] 
m 

/19/ 
ay OJlHO'Io 

-1/3 
Em=62.A M3B, 1m= M3B, 

a napaMeTp k cneJJ;yeT no~6HpaTL H3 ycnoBHJI cornacHJI 

C 3KCDepHMeHTOM paCC'IHTaHHbiX · cneKTpOB, npeHe6perag 

ero 3aBHCHMOCTLIO OT. A H E . 
PaccMoTpHM, K qeMy npHBeJJ;eT MO.AY»JIUHJI nnoTHOCTH 

/18/ B HaWHX Mo,D;enJix. ToT «iJaKT, 'ITO JIJJ;po o6pa3yeTCJI 

. B pe3yllLTaTe KOrepeHTHOrO nepeXO)J;a BO. BXOJJ;HOe COCTOJI

HHe_ THna. 1plh, Y*e y'ITeH BBe.rieHHeM 3KcnepHMeHTanLHoro 

15 
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ce'leHH.fl IIJoTonorno~eHH.fl a Y B Bblpa)l(eHHe /1/.: ,lJ;anee HJJ.eT 

npou:ecc BHYTPH.R:JJ.epHoro npeJJ.paBHOBecHoro pacna)l,a. B 3TOT 

MOMeHT "ycHntmHe" COCTO.fiHHH 1p1h, cornaCHO /18/, npH

BO)l,HT K TriMy, 'ITO ycHneHHbiMH oKa3biBaJOTC.fl Bepo.R:THOCTH 

nepexoJJ.OB n = ·4 _. n = 2 H n =2-> n =2, B03Bpa~aro~e 
CHCTeMy B "HCXO)l,HOe COCTO.fiHHe JJ.BYXKBa3H'IaCTH'IHOrOB03-

6y)l()l,eHH.fl. TaKHM o6pa3oM, IIJH3H'IeCKHH CMhlcn MOJJ.yn.R:U:HH 

/18/ COCTOHT B TOM, ·'ITO TenepL CHCTeMa cpaBHHTenLHO 

)l,Onro )I(HBeT B 1 p 1 h ; - COCTO.fiHH.fiX B036y)I(Jl.eHH.fl, KOTOpble 

.R:Bn.R:IOTC.fl HCXO)l,HbiMH B. )l,aHHOH peaKI{HH. 3TO MewaeT pa3-

BHTHIO npon:ecca npeJJ.paBHOBecHoro pacnaJJ.a npH nepexo)l,e 

CHCTeMbl B. CTa)l,HIO CTaTHCTH'IeCKOrO paBHOBeCH.fl, IIJopMH

pyiOII{YJO cneKTp HH3K03HepreTH'IeCKHX HCnapHTenLHbiX HeiiT

pOHOB. B pe3ynLTaTe npoHCXOJJ.HT OTHOCHTenLHOe ycHneHHe 

KaHana BblneTa HeiiTpoHa np.R:MO H3 HCXOJJ.Horo cocTO.fiHH.fl 

)l,HnOllLHOro B036y)l()l,eHH.fl B HenpepbiBHbiH cneKTp. 

B TO'IHOH MOJJ.enH M3M MOJJ.Yll.R:U:H.fl nnoTHOCTH npHBOJJ.HT 

K COOTBeTCTBYIOII{eH MOJJ.HdlHKai{HH Bblpa)l(eHH,H w_ H w 0 , 

pac'leTHa.R:: cx~Ma npH 3TOM He MeH.R:eTc.fl. B npH6nH)I(eHHpii 

MOJJ.enH MIIMP, 'KyJJ.a 3TH Bepo.R:THOCTH nepexoJJ.OB Boo6~e 
He BXO)l,.fiT, MOJJ.Yll.fii{HIO nnOTHOCTH MO)I(HO yqeCTL no-)l.pyro

My: BMeCTO "ycHneHH.fl" • o6paTHbiX nepeXO)l,OB 4-o 2 H 

2 _. 2 MO)I(HO 3dldleKTHBHO "ocna6HTL" npJIMble BHYTPH.R:JJ.ep

Hble nepeXO)l,bl B CTOPOHY YCllO)I(HeHH.fl COCTO.fiHHH 3KCHTOH

HOro B036y:>K)l.eHH.fl. liT06LI B )l,allLHeiiweM COXpaHHTL e)l,HH~H 
no)l,XO)l, B 060HX MO)l,ell.R:X, 6y)l,eM HCnOllL30BaTL HMeHHO 3TY 

3dlllJeKTHBHYIO npol{e)l.ypy ocna6neHH.fl nepeXO)l,OB H3 lp1h 
B 6onee CllO>KHble COCTO.fiHH.fl. B npaKTH'IeCKHX pac'leTaX 

JJ.ll.fl 3TOH u:enx MO)l,ynxpyeM aepo.R:THOCTL nepexo)l,a cne)l.yro

~HM o6pa30M ·: 

. k 

[ ( 

E2-E2 w +·(2,E ). 
- . m Y 

Er 

;;;' (2,E )= 
+ y 

/20/ 
) 2 +1 ] 

m 

· §5. CpaeHeHue c 3KcnepuMeHmoM u BbJBOObJ 

Ha puc. 3-4 JJ.aHhl pe3ynLTaTbl pacqeTOB no MIIMP H 

M3M c MOJJ.YnHpoaaHHOH Bepo.R:THOCTLIO /20/. IlpHBeJJ.eHHble 
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Puc. 3. CneKmpbJ ,PomoHeiimpoHoe npu 3Hepzuu mopMo3Hozo 
U3Ay'leHu.R E y x = 20 M3B, cAeea - MHMP, cnpaea -
KpU8bJe M3M. 'f!hAOWIIbJMU AUIIU.RMU U306paJtCellbJ CYMMap
HbJe cneKmpbJ, nyHKmupoM .- ·paeHoeecHbJii, wmpux- nyHKmu
poM - 'lUcmo npeopaeHoeecHbJii. 

KpHBble COOTBeTCTBYJOT 3Ha'leHHIO k =6. /EcnH He )l,enaTL 

pa3llH'IH.fl Me>KJJ.Y B036y)l()l,eHHeM npoTOHOB H HeiiTpOHOB B .R:)l,

pe, TO k 6y)l.e"I: npHMepHO B)l,BOe MeHLWe/. KaK BH)l,HO 

H3 cpaBHeHH.fl c 3KcnepHMeHTo:M /IO I; yJJ.aeTc.R: JJ.OCTaTo<IHo 
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xopowo onucaTL clloToHeiiTpOHHLie cneKTPLI ~m1 Bcex paccMaT
puBaeMLIX s~ep B 3Hepruii. Pe3yJILTaTLI pac'IeToB B npu6nu
)KeHHoii /MIIMP I B TO'IHOH /M3M/ Mo~ensx O'IeHL 6JIH3KH 
~pyr K ~pyry. IlpB'IBHa 3TOrO B TOM; <iTO B ~aHHOH 06JiaCTH 
3Hepruii B036y~eHBJI. ponL KOHKYPHPYIDIIlHX KaHaJioB ucnyc
KaHBJI CJIO)KHLIX l.J:aCTB:U B KpaTHOrO BcnycKaHBJI HeHTpOHOB, 
KOTOpLie Y'IBTLIBa~TCJI TOJILKO .B M3M, He CTOJIL BeJIHKa /II[ 
HHTepeCHO, 'ITO TenepL BKJia~ HepaBHOBeCHLIX npo:u;eCCOB 
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Puc • .' 4. 06oaHa<~eHUJI me xe, <~mo u Ha puc. 3. 3HepzuJI mop-
M03Hozo uaAy'leHIJJI E · ;.. 14 M3B. · 

Ymax 

18 

i 

f 
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,-· 

B. cneKTpe ·HCUYJUeHHLIX HeiiTpOHOB· ~OCTHrae'I;,_npHMepHO 
20~, B TO BpeMJI KaK: 6e3 npo:u;e~ypLI MO~YJIJI:UHB BepOJITHOCTH 
W+ OH COCTaBJIJIJI JIHWL 5-7.rfo. . . - _ . . . ,. 

HTaK, ccllopMyJIHpyeM ocuoimwe pe3yJii.TaTLI •.. · ~- ' 
1. Ha6nlo~aeMwe -. B :clloTos.ziepnwx ·'peaK:u:H~'x, *e-~iKJie 

"XBOCTLI" cneKTpOB ·ucnycKaHHJI HeiiTpOHOB B03HHKaiOT. B 
pe3ynl!iaTe · :MexaHH3Ma npe~paBHOBecHoro -pacna.na B03-:o 
6~eHHoro. s~pa, o6pa3oBaBmerocs nocne clloTonornm:u;e-•' ··~<··:~.~-~ 

HBJI. . . : . . _,. . ,,.,_ 
2. 0~HaKO HH npH6JIH)KeHHLie, HH. TO'IHLie MO~eJIH npe~-

paBHOBeCHOrO pacna~a He U03BOJIJIIOT. /B paMKaX. 06LI'IliLIX .. 
npe~nono:>KeHHii o nnoi'iioc.fu KBa:)uqacTH'IHLix·yp'oBHeii/ Ko- · 
JIHlle_CTBeHHO o6hJICHHTL .. Ha6mo~aeMwe cneKTpLI ~OTOHeiiT-
·poHOB npe~paBHoBecHoro pacna~a s~ep. · · ~ •. ,, ' :-: 

·a. Y'IeT_ Kor:epeHTHoro,xapaKTepa peaK:u;HH clloi-onor:no
I:u;eau.B:,. · OCHOBaHHLIH ·. Ha MO~YJIJI:UBH · ~BYXKBa3HllaCTH'IHLIX 
UJIOTHOCTeii KPBBO:ii pe30HaHCHoro BB~a C MaKCHMYMOM·, COB
na,I(aiOIIJ;HM C MaKCBMYMOM. Ce'IeHBJI clloTOUOrJIOI:u;ellHJI, U0.3BO·
JIJieT 06'LJICHBTL )KeCTKyiO qacTL cneKTpa cllOTOHeiiTpOHOB MJI 
:u;enoro ps~a· s~ep npu pa3HLIX 3Hepruix. - ' · · · · · · · 

4. Mo)KHO yTBep~aT~, .'ITO, no 'cpa~lleHBIO c npe~w~r 
.m:a:Mu np:ano)KeHBJIMB :Mo~eneiiuepaBHoBecHoro pacna~a s~ep, 
B JCorepeHTHLIX peax:u;:aJix Taxoro Tuna· BnepBwe B03H:axna · 
Heo6xo~u:Moc-iL _:BBO~BTL HeKOTOpble o6IU:ae CTPYKTYPHLie ' 

oco6eHHOCTB. '3To no3BonseT Ha~eJITLCJI· iia :acnonL30BaH:ae 
B 6y~yi:u;eM no~o6HLIX peaK:u;BH ~JIJI ·. BLIJIBJieHBJI. He. TOJILKO 
o6IllHX, :HO H ~eTMLHLIX CBOHCTB cTpyKTYPW s~ep B ·o6nacT:a 
3Hepr:aii _. :Bo36y~e:Hus _Bwme .nopora ·oT~eneHB:s ;Hyxnoila. 

B 3aKmol.J:eH:ae aBTOPLI 6naro~ap.HT A.H.JlenecTKBHa 3a 
nocTOJIHHLiii HHTepec · K pa6oTe H noMOIIJ;L npu no~6ope 
3KcnepuMeHTanLHorq ::MaTepuana· H P ~A.3paM)KJIHa 3a nno
~oTBopHwe o6cy,.c~e·HHH. · · · · · · 
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