


MHoro4~-tcneHHble 3Kcnep~-tMeHTaJ1bHble ,qaHHble 11·61 ce~-t,qeTenbcTey
IOT 0 TOM, 4TO npH BbiCOKHX 3HeprHRX B a,qpoH-a,qpOHHbiX CTOJlKHOBe

HHRX 17 -Me30Hbl pO>K,tlaiOTCR, B OCHOBHOM, He cpa3y, a nocpe,qCTBOM 

o6pa3oBaHHR pe3oHaHcoe 1-1 Hx pacna,qa. B a,qpoH~R,qepHbiX coy,qape

HHRX npH B3aHMO,[\eHCTBHH HaJleTaiO~ero 1-1111-1 nepepaCCeRHHOro a,qpOHa 

C HYKJlOHaMH BHYTPH R,[\pa TaK>Ke MoryT o6pa30BbiBaTbCR pe30HaHCbl, 

OHH HHOr,qa cy~eCTBeHHO.BJlHRIOT Ha MeXaHH3M a,qpoH-R,qepHbiX peaK

~HH. B pR,qe pa6oT /7·91 6biJlO noKa3aHo, 4TO np~-t 3HeprHRX e6n~-t3H 
nopora o6pa3oeaHHR pe3oHaHcoe BbiJleT 4acTH~ e ~a,qHIOIO nonyc~epy 
B a,qpoH-R,qepHbiX B3aHMO,qeHCTBHRX MO>KHO 06'bRCHHTb pacceRHHeM 

npoMe>KyT04HbiX pe30HaHCOB Ha HYKJlOHaX R,qpa. npe,qcTaBJlReT He

COMHeHHbiH HHTepec HCCJle,QoeaHHe TaKHX 3~~eKTOB H npH BbiCOKHX 

3HeprHRX HaneTaiO~ero a,qpoHa. 

B nocne,qHee epeMR H3y4eH~-te npo~eccoe B3a~-tMo,qeHCTBHR a,qpoHOB 

H R,qep C R,qpaMH npH BbiCOKHX 3HeprHRX C BbiJleTOM 3HeprH4HbiX 4ac~ 

TH~ B 3a,[\HIOIO nonyc~epy, TaK Ha3biBaeMbiX KYMYJlRTHBHbiX 4aCTH~ 110 ~ 
np~-teneKaeT K ce6e Heocna6eeal0uiee BHHMaH~-te. ~opMa HHKJ1103HBHbiX 

3HepreTH4eCKHX cneKTPOB BTOPH4HbiX 4aCTH~ B TaKHX peaK~HRX, co

rnaCHO r~-tnoTe3e R,qepHoro cKeHJ1HHra1l1/, no,qTeep>K,qeHHoro 3Kcne

PHMeHTa1lbHO /12,13/ , He 3aBHCHT OT 3HeprHH H THna HaJleTaiO~HX 
4aCTH~, a 3HeprHR perHCTpHpyeMbiX 4aCTH~ HaMHOrO MO>KeT npe

BbiWaTb COOTBeTCTByiO~HH KHHeMaTH4eCKHH npe,qen ,t\IlR CB060,t1Hb1X a,q

poH-HyKilOHHbiX CTOilKHOBeHHH 1131 • Cy~ecTeyeT ~eilbiH Pl'IA TeopeTH-

4eCKHX o6'bRCHeHHH 3TOrO HHTepeCHOro RBileHHR /10,13·16/ 

B HacTOR~eH pa6oTe no,qpo6Ho ~-tccne,qyeTcR BKna,q npo~eccoe o6-

pa3oBaHHR pe30HaHCOB B npoMe>KyT04HOM COCTORHHH B HHK11103HBHbiH 

cneKTP 17 -Me30HOB, HCny~eHHbiX B 3a,[\HIOIO nonyc¢epy B HYKilOH

R,qepHbiX peaK~HRX. B paMKax MO,qen~-t nepepacceRHHR n~-t,qHpyiO~eH 
4acTH~l>l Ha HYKilOHax R,qpa /17-19/ , nocne,qy10~ero po>K,qeHHR 6o3oH

HbiX pe30HaHCOB H HX B3aHMO,[\eHCTBHR C HYKilOHaMH aHa11H3HpyeTCR 

A -3aBHCHMOCTb HHK11103HBHbiX cneKTpOB KyMyilRTHBHbiX nHOHOB B HyK

IlOH-R,qepH~X COy,qapeHHRX, T.e. 3aBHCHMOCTb OT aTOMHOro HOMepa 

R,qpa-MHWeHH. 

npe,qno110>Kl1M BHa4ane' 4TO 17 -Me30Hbl B peaK~HRX NA-+ 17X o6pa-

3YIOTCR nyTeM ,qeyKpaTHOro B3aHMO,tleHCTBHR C HYKilOHaMH R,qpa, T.e. 

nocne,qoeaTeilbHO npo~-tcxo,qRT cne,qy10~1-1e npo~eccbl: NN-+RX 1-1 RN-+17X, 

r,qe R-pe30HaHC. npoaHa11H3HpyeM KHHeMaTHKY TaKoro Me30H006pa-

30BaHHR, C4HTaR ,[\IlR npOCTOTbl, 4TO HYKilOHbl R,qpa nOKORTCR, a pe-

30HaHC - cTa6~-t1lbHaR 4aCTH~a. BHeMaccOBbiMH 3~eKTaMH TaK>Ke npe

He6pe>KeM, T. K. R - 6030HHbiH 1-1111-1 6apHOHHbiH pe30HaHC, T. e. 4ac-



TH4a c 6onbWOH MaccoH 1201 • Hcnonb3YR saKOH~ coxpaHeHHR 3Hep
rHH-~Mnynbca B Ka~AOM H3 yKa3aHH~X np04eCCOB 0 nerKO HaHTH npe
Aen~ H3MeHeHHR cneAY~~HX KHHeMaTH4eCKHX nepeMeHH~X npoMe~yTo4-
HOH 4aCTH4~= 

-q(-} <q <q (+} ; y < y < 1; 
lJ.- 1.1- lJ. 1- -

(i(±) = !!!...{yp ± Jy2p2 +y[ym(2E-m) -2ME+ ~}]- m~~2 
I; 

u/1 J.· J. m m 

/1(2E-r} J f12(2E-r)2 mif12 
y = + + 

1 2m(2E-m) 4m 2(2E -m) 2 m 3(2E -m) 

3AeCb 8BeAeH~ 0603Ha4eHHR: 

y = 1-mi /s; 
1 

t'l = E- p -m; 
z 

s = 2m (E 
0 

+ m) ; 

r = (m 2 -2mu}/m • B = .!..(m 2 -m 2-m2 -u 2) • 
R r ' 2 X2 · R r ' 

mx 
1

, m x 
2 

- 3~~eKTHBHble Mace~ e npo4eccax NN-+ RX 1, RN-+ rrX 2 ; 
m, mR, p. - Mace~ HyKnoHa, pesoHaHca, H rr-MesoHa cooT8eT
CTBeHHo; PJ. , p z - nonepe4HaR H npOAOnbHaR KOMnoHeHT~ HMnynb
ca "-MesoHa e n. c. , 

E = .jp2 + p. 2 , 

q t4.• q lz - nonepe4HbiH H OPOAOnbHbiH HMnynbCbl 8 n. C. - npo
Me~yT04H~e 4aCTH4bl. 

0TC~Aa nerKo nony4HTb orpaHH4eHHe Ha 3HeprH~ po~AeHHoro 
1T -Me30Ha. 8 cny4ae BblneTa OHOH08 OOA 04eHb 6onbWHMH yrnaMH, 
KOrAa f'l .. 2E -m, HMeeM: 

T 
m + 2) E < 2 2(1 +mi,/m 

/1/ 

H3 /1/ 8HAHO, 4TO KHHeMaTH4eCKHH npeAen 8blneTa OHOHOB Ha-
3aA, HanpHMep, 8 HyKnoH-AeHTpOHHOM COyAapeHHH, KOrAa 8 npo
Me~yT04HOM COCTORHHH pO~AaeTCR pe30HaHC, 6onbWe COOTBeTCTBy~
~ero npeAena e cny4ae npoMe>KyT04Horo peanbHoro rr-Me3oHa, Ko
TOPbiH noApo6Ho paccMaTpHeancR e pa6oTe 1211, TaKHM o6pasoM, o6-
pasoeaHHe 1T -Me30HOB Ha3aA B paccMaTpHeaeMOM ABYKPaTHOM npo-
4eCCe Ha HYKnOHaX RAPa C HMnynbCOM p >0,4 /r3B/c/ KHHeMaTH-. 
4eCKH paspeweHo nHWb AHarpaMMaMH c npoMe~yT04H~M pesoHaHCOM 

.2 

HnH CHnbHO BHpTyanbH~M OHOHOM, nocneAHee paccMaTpHBanOCb B pa-
6oTe /20/, 3aMeTHM, 4TO C y4eTOM ~epMHeBCKOrO ABH~eHHR HyKnOHOB 
B RAPe KHHeMaTH4eCKHH npeAen /1/ yeenH4HBaeTCR: 

r +k m2/m 2 

E < ..!!.!..+ z R /2/ 
- 2 2(1 +m:/m 2) 

npH BbiBOAe /2/ npeHe6peranocb eenH4HHaMH nopRAKa k2 /m 2 , rAe 
~ - 8HyTpHRAePH~H HMnynbc, kz- npOAOnbHaR KOMOOHeHTa k. 

npHBeAeM e~e HeKOTOpble KHHeMaTH4eCKHe COOTHOWeHHR AnR cny-
4aR pO~AeHHR OHOHOB Ha3aA, P J. = 0, KOTOPble HaM OOHaA06RTCR 
e AanbHeHweM: 

2 • 
q 2 = ..!!!....ty2m -y(2E -r) -m2 !11m2 I· 

1J. t'l R ' 

q lz = ~ y(m -E)_ ~==-' 1 

y 
2E- T 

2(m - E) 

+ x 1 E0 t'l 

m(m- E) 

rAe x 1 = 2q 1zm/s. 
npH X 1« 1 HMeeM: 

E =y'q2 +m2 = m(E-r/2) y'1+ EOxl 
lJ. U R m-E E-r/2 

BKnaA o6cy~AaeMoro ABYKPaTHoro npo4ecca esaHMOAeHCTBHR 

/3/ 

B HHKni03HBHbiH cneKTP OHOHOB, pO>KAeHHbiX B HyKnoH-RAePHOM CTOnK-
H08eHHH, cornacHo pa6oTe 1201, onHc~eaeTcR e~pa>KeHHeM: · 

d3p 
., _1_ <(-+ -+ -2 da ( 2 4rr· rl-r2) >JE1 PN-+RXt qlJ.'xl) 

d 3q X 

E da (3) 

/4/ 

(q 2 ' x 2) a-+ daRN-+rrX2 2J. d ql 
X d3p 

rAe ciu• q 2J.- nonepe4Hble cocTaenR!OIIIHe HMnynbcoe pesoHaHca H 
1T -Me30Ha B CHCTeMe OOKOR nepeorO H BTOpOrO HyKnOHOB COOTBeT
CTBeHHO; 

3 



... ... -2 
<(r 1 -r 2 ) >- cpeAHee 3Ha4eHHe ofipaTHOrO KBaApaTa paCCTORHHR 

MemAY HyKnoHaMH RAPa 

xl =2qlzm/s; X2=2q2zm/s1; - 2 2 ' s 1-mR+m +2E 1m, 

E 1 = y q ~+ m 2 - 3HeprHR npoMemyT04Horo pesoHaHca. 

3aMeTHM, 4TO B~pameHHe /4/ HanHCaHO B npeHefipemeHHH HeCTa

fiHnbHOCTbiD pe30HaHCOB Ill BHeMaCCOB~MH 3¢¢eKTaMH, 

np~~t B~COKHX 3HeprHRX, nopRAKa COTeH r36, AOnR rr-Me30HOB 0 

pomAaiD~HXCR B HYKnOH-HyKnOHH~X BsaHMOAe~CTBHRX OT pacnaAa 6o-

30HH~X pe30HaHCOB, 04eHb Be.nHKa, npeB~WaeT 60% OT BCeX nHOHOB, 

o6paayiO~HXCR B peaKI.IHRX NN ... rrX 11• 21 • BKnaA 6apHOHH~x peao-

HaHCOB B pomAeHHe rr-Me30HOB B N-N coyAapeHHRX no cpaeHeHHIO 

C BK11aAOM Me30HH~X pe30HaHCOB npH BbiCOKHX 3HepntRX HeBellHK Ill t 
no3TOMY HM MOmHO .npeHe6pe4b, 6030HH~e pe30HaHCbl B N-N CT011K

HOBeHHRX pOmAanTCR 1 KaK H3BeCTH0 1 B l.leHTpallbHO~ o6.naCTH, T.e. 

e HaweM cny4ae npH Man~x x 1 , Ha aHanHaa 3KcnepHMeHTanbH~x 
AaHHbiX 11·61 ClleAyeT, 4TO cneKTpbl BTOpH4HbiX 4acnt1.1, o6pa3yto~Hx
CR B aApOH'"aApOHHbiX B3aHMOAe~CTBHRX npH B~COKHX 3HeprHRX, YHH-

eepcanb-Hbl e LleHTpanbHoJ:i o6nacni no x H pi H11H E J. =vP f + m 2 , 

T, e. onHC~BaiDTCR eAHHOH ¢yHK1.1HeH 3TH X nepeMeHHbiX He3aBHCHMO OT 

THna Ha4anbH~x 4aCTHLI. HHK.ni03HBHbte cne!<TP~ BTOPH4HbtX 4acTHLI 

npH MallbiX X Ill He601lbWHX p .1 I p l < 2 /r3B/,r;./ r MOmHO npeA"' 
cTaBHTb e ¢aKTOPH30BaHHOM BHAe 11,41 • CornacHo 3KcnepHMeHTanb

HbtM AaHHbtM 11 •61 , pacnpeAene_HHR no p2J. H11H E .:.L. npRMbtx npoAyKTOB 

aApOH-aAPOHH~X B3aHMOAe~CTBHH H BTOpH4H~X 4aCTIIII.I 1 -o6pa3oBaHH~X 
OT pacnaAa pe30HaHCOB, -B l.leHTpanbHOH o6naCTH npH6nlllmeHHO 

3KcnoHeHL1Ha.nbHO coenaAatoT c poeT OM E J.. (S) 

Ka4eCTBeHHO npoaHanH3HpyeM noBeAeHIIIe E da... e saBHCIIIMOCTH 
' d~ 
OT E. _ Y4HTbtBaR e~wecKaaaHHOe, cneKTP pomAeHHR 6osoHHoro 

pe30HaHca B N-N CT011KHOBeHHRX, cor.naCHO pa6oTaM 11•41 , MOmHO 

npeACT~BHTb B BHAe: 

.E 1 
dapN-+RXt 

d3q1 

.. ctF(x )e-BEt.J. 
1 ' 

a cneKTP o6pasoeaHHR ·" -Me3oHa eo B3aHMOAei1cTBHH RN ... rrX , 
npH Man~X X 2 B BHAe lt,4,6/ : 

d -+2 2 
aRN -+rrX 2 V q 2.1+/L ---=--- "'C 2 F(x 2) exp(- T ) , 
d~2 0 

rAe T = 0 12 r3B 11,61 
0 ' • 

4. 

/5/ 

/6/ 

noACTaBnRR /5/, /6/ B /4/, 
HHe q:.i"'p

2
(1-qi/qf..l..+ ••• ) 

Y4HT~BaR /2/ 1-1 HCnOnb3YR B~pame
B cny4ae HCnycKaHHR rr-Me30HOB 

Ha3aA, Ka4eCTBeHHO HM~eM: 

da(S) 
E~ 

d p 

1 ... ... -2 
"'- <(r -r ) >Cexp{-B (E-r/2) x 

4rr 1 2 1 

E E 2 
X (1 + - + -- + ... ) -B2 E l' 

m m2 

171 

rAe 82 =1/To ; C - HeKOTOpaR KOHCTaHTa, BKI1104aiOII\aR C 1 , C 2 • 

Hs /7/ BHAHO, 4TO e nepeoM npH6nHmeHHH eKnaA paccMaTpHeae

Moro npOI.IeCca pOmAeHHR rr-Me30Ha Ha ABYXHYK110HHOH CHCTeMe C 

ofipa30BaHHeM 6030HHOrO pe30HaHCa B npoMemyT04HOM COCTORHHH B 

HHK11~3HBH~H cneKTP nHOHOB, HCnyll\eHH~X Ha3aA B HYK1lOH-RAepHOM 

CT011KHOBeHHH, HMeeT 3KCnOHeH1.1Ha1lbHOe noBeAeHHe B 3aBHCHMOCTH 

oT E , 4TO Ha6niDAaeTCR Ha 3KcnepHMeHTe. 

PaccMOTPHM Tenepb eecb eo3MOmHbtH npo1.1ecc HcnycKaHHR rr -Me-

30HOB £ 3aAHIDIO no.nyc¢epy B HYKilOH-RAePHOM B3aHMOAeHCTBHH. 

KaK cneAyeT H3 aHanHsa 3KcnepHMeHTanbHbtX AaHHbtX 1 181 , A -sa

BHCHMOCTb cneKTPOB KyMyllRTHBH~X nHOHOB, o6pa3yiO~HXCR B aAPOH

RAePHbiX CT011KHOBeHHRX, npHMepHO TaKaR me, KaK 1-1 cneKTPOB npo

TOHOB C fiOnbWHMH nonepe4HbiMH HMnyllbCaMH npH ~biCOKHX Ha4a1lbH~X 
3HeprHRX B peaKJ.tHRX pA-> pX 1 22/ • 3aBHCHMOCTb TaKHX npOTOHHbiX 

cneKTPOB OT A BnOI1He YAOB1leTBOpHTe1lbHO onHCbiBaeTCR B paMKaX 

MOAenH nepepacceRHHR I1HAHPYIO~HX 4aCTHJ.t/17·19/ , no3TOMY eCTeCT

BeHHO npeAnonomHTb, 4TO A -aaeHcHMOCTb o6cymAaeMbtX cneKTPOB 

rr -Me30HOB e peaKttHRX NA ... rrX onpeAenReTcR nepepacceRHHeM 

I1HAHPYIOII\HX HYK110HOB nOA MallbiMH yrnaMH, a ¢opMa cneKTPOB -

BK1laAOM npOJ.teCCOB o6pa30BaHHR fi030HH~X pe30HaHCOB B npOMemy

T04HOM COCTORHHH. Y4eT nepepacceRHHR rr -Me30HOB, o6pa3yi'JII\HXCR 

nocne B3aHMOAeHCTBHR pe30HaHca C HYK110HOM, HMeeT nonpaB04HbiH 

xapaKTep K paccMaTpHBaeMOH MOAeilH, no3TOMy A11R Ka4eCTBeHHOro 

aHan~~tsa BKnaAa npoMemyT04HbiX peaoHaHcoe HM npeHe6peraeM. 

6 paMKaX TaKHX npeAnO.nomeH~1H HHBapHaHTHbiH HHK11103HBHbiH 

cneKTP rr -Me30HOB, Hcny~eHHbiX e saAHIOIO nonyc¢epy B npotteccax 

NA ... rrX, MomHo npeACTaBHTb e BHAe 1191; 

da E NA-+ rrx 

d3p 

d , A A 
E~- I Nv+ I fd2 b(T(b))n(n!)- 1exp(-oT(b)) x 

d 3p V=l n=1 

17'1 

X n~ 
i=l dq-+ 2 dM 2 

i.J. i 

n 2 2 2 
o(E 0-E-

1
:

1
(q1J... +M 1 -m ) /2m -

5 



-(M!+l-tn+l -mi)/2m-(M~+2-tn+2 -mi)./2m) x 

... .... .... ... ) 
xB(Q+-l:q1.J.. -Qn+1,.J.. -Qn+2,-l x 

17'1 
xT(b)E du' ll d2q dM2 dsq dsq 

dsq 1=1 1-L 1 n+l n+2 
n +2 

3,qecb' _8BeAeHbl. C11~AYIOIIII-ie 0003Ha4eHI-1R 1191 : 

N = ..!.. f d 2b [oT(b)]v e -<TT(b) 
v o . vi 

M1 - 3~~eKTH8HaR Macca a peaK~a.iH NN ~ NX ; 
~ w 

qi-L - nonepe4HbiH HMnyJlbC pacce~HHOrO HYK110Ha; 
q n + 1 • q n + 2 - TpexwMnyJlbCbt npoMe>KyT04Horo pe30Hal-ica w rr-Me-

·3oHa COOT8eTCT8eHHO; ' 
~· ' ~ . . 
Q .. ( - ~ ) • Q - (.. - ~ 

n+lo-L q n qn+l ,J.. ' n+2,.J.- qn+t qn+2~ .. 
Q-L .. (p0 -P)J.; t' +l , tn+ 2~ - WH8apHal-iTHble nepe,qa4H 8 npo-
~eccax NN ~ RX .• R~ .. rrX. ·Po • E 0 - TpexwMnynbc "" 3HeprwR 
Ha4a11bHOrO HYK110Ha COOT8eTCT8eHHO; 

co 

T(b)"' f(l(yb 2 +z 2 )dz; fp(r)d 3r •A, --
A - aTOMHbiH HOMep R,qpa; o - nonHoe ce4eHwe Heynpyroro N -N 

coy,qapeHwR; · p - R,qepHaR mioniocTb, b - npw~e11bHbiH napaMeTp, ,., . 

E~ = E doNN -+·rrx + E do(3) 

dsp d Sp dsp 

nocKOilbKY nepepacceRHHe 11HAI-1PY~IIIHX HYK110H08 npOHCXOAHT C 
nepe,qa4aMH, HaMHoro MeHbWHMH nepe,qa4 8 pom,qeHHH pe30HaHca 
NN ~ RX H 8 o6pa3o8aHHH rr-Me3oHa RN ~ ITX, 8bl1leTa10111ero 8 
3a,qH~IO nonyc~epy, TO npH611HlKeHHO MOlKHO C4HTaTb 

n .. n · · 
l: (q2 +M 2_m2)/2m .. o; l: q .. 0, 

i= 1 iJ. 1 1= 1 iJ. 

•' 

6 

d 
I ~ 
1 i J 
: 'f 

' :i 

/~ fJ 
'! 

Tor,qa H3 /7'/ nerKo nony4HTb: 

do 
E NA ~ ITX 

CJ.i3p 
E do' A 

.. d3Jl l v~l N v + f d2bT(b)[ 1-e -<TT (b) ll = 

= E...!k.:_(A- N + A 213 I ·s.. 1 ' 
/8/ 

d p 

npH 3TOM I-1Cn011b30Ba110Cb /19/: 

A 
l: N ,. A 2/8 

"""1 v • 

BblpameHwe /8/ nol<a3bl8aeT nwwb Ka4eCT8eHHYIO 3a8HCHMOCTb OT 
A HCCileAYeMbiX cneKTP08. .. 

AKKypaTHoe 8bi4HcneHHe i7'/,qonmHo ,qaTb, cornacHo pa6o-
TaM /18,19/, 6onee cnomHyiO A-3a8HCHMOCTb. B HacTORilleii pa6oTe 
Mbl orpaHW4HMCR 11HWb Ka4eCT8eHHbiM paccMoTpeHHeM A-no8e,qeHHR 
cneKTP08, Hcxo,qR H3 /8/, HOpMwpo8aHHbiH Ha A HHK11103H8HbiH 
cneKTP nWOH08 npH011HlKeHHO MOlKHO npe,qcTa8HTb 8 8H,qe: 

do do 
< (E/A) • NA~ ITX dsp = E NN~ITX d0 (3) 

.d 
s:." + E.--
-p dsp 

/9/ 

AnR K011H4eCT8eHHoro cpa8HeHHR TeopHH c 3KcnepHMeHTOM 8bi-
4HC11R11CR HOPMHp08aHHbiH Ha A WHK11103H8Hb1H cneKTp nHOH08, HC
nyllleHHbiX Ha3a,q 8 peaK~HH p + Ta .. "- + X npw E 0 = 400 /r3B/, 
KOTOpaR 3KcnepHMeHTa11bHO HCC11e,qo8a11aCb A11R yr11a 8bl11eTa rr-Me-
30H08 8 = 162° 8 n.c,/~8/ • 3KcnepwMeHTa11bHble ,qaHHble cpa8HH-
8a11HCb C pe3Y11bTaTaMH pac4eTa npH fJ = 180 °, T. K,. eCTb OCH0-
8aHHR nonaraTb/131 , 4TO 8 HHTep8ane yrno8 8= 160°+180° yr-
1108ble pacnpe,qeneHHR nHOH08 8 peaK~WRX pA ~"X npa.iMepHo 
nOCTORHHbl /13/, (S) . . 

4acT.b cneKTpa E :~P pacc411Tbl8anacb no /4/. 3a8HCHMOCTb 

HHK11103H8HbiX cneKTP08 pom,qeHHR 6o30HHbiX pe3oHaHC08 NN .. RX 
H o6pa3o8aHHR. "-Me30H08 RN .. rrx oT p 1 npw Manblx x 6pa-
nacb TaKoH•me, KaK w A11R peaK~HH · NN .. irX /24,25/ • "3a8HCH
MOCTb cneKTP08.pe30HaHC08 OT X, 6panacb W3 pa60Tbl/5/, npH 
3TOM C4HTanocb, 4TO 80% nHoHo8 8 N-N CT011KH08eHHRX o6pa3yeTCR 

1-



100 

"'u1(f1 

3HepreT~4eCKaR 3a8~C~MOCTb 

HOPM~po8aHHoro Ha A ~HKn~3~8-
Horo ~H8ap~aHTHoro cneKTpa rr-
Me30H08, ~cny~eHH~x Ha3aR 8 pe
aKrt~"' pTa _. rr-x npH E 0 = 

'l' 

~ 

= 400 /r3B/. e - 3KCnepHMeH
TanbHble RaHHble 123/, KPH8aR -
pe3ynbTaT~ pac4eTa. 

~ 
i-tcf2 

~ 
10 
"'9 

u.k 

0,3 

• 
0,4 0.7 

OT pacnaRa 6030HH~X pe30HaHC08. 
HecTa6HnbHOCTb~ pe3oHaHC08 npe
He6peranocb 1-13-3a ee ManocTH, 
T.K. ·pe30HaHCbl R080nbHO 3Hep
rH4H~, 4TO cneRyeT 1-13 pa3o6paH
HOH 8b1We KHHeMaTHK~. Bee 803-
MO>KHbre 6030HHble pe30HaHCbl CyM-0,5 0.6 

E (rJB} MHp08anHCb C COOT8eTCT8y~~HM~ 
8ecaMH 11 ·51 . KaK OTMe4anocb paHee /201, 8 HH3K03HepreTH4ecKyiO 
4aCTb o6cy>KRaeMoro cneKTpa, T.e. npH E ~0,4 /r3B/, MoryT Ra-
8aTb 3aMeTH~H 8KnaR npoQecc~ c ·o6pa3o8aHHeM peanbHoro rr-Me-
30Ha 8 npoMe>KyT04HOM COCTORH~~ (NN-> rrX, rrN -> rrX). no3TOMy OHH 
TO>Ke Y4HT~8anHCb, KaK 1-1 8 pa60Te/20/, npH4eM KHHeMaTH4eCK~e 
o6naCTH npeHMy~eCT8eHHbiX 8KflaROB OT pe30HaHC08 1-1 npoMe>KyTo4-
Hbi.X peanbHbiX rr -Me30H08 pa3H~e /20/, cneR08aTenbHO, HHTepctJe
peHQHeH Me>KRY HHMH MOlKHO npeHe6pe4b. 

Ha pHcyHKe npH8eReHo cpa8HeHHe TeopeTH4eCKOH KP~80H, pac
C\.IHTaHHOH no /9/, 1-1 3KcnepHMeHTanbHbiX RaHHbiX o6 ~HKn~3H8HOM 
cneKTpe rr--Me30H08, 8~neTa~~Hx 8 peaKQHH pTA ... rr- X noR yrnOM 
162 o npH E 0 = 400 /r3B/, HOPM~po8aHHOM Ha A '23/. 

H3 p~cyHKa 8HRHO Ka4eCT8eHHOe cornacHe TeopHH c 3KcnepH
MeHTOM, npH\.IeM l.laCTb cneKTpa npH E = 0,4 + 0,65 /r3B/ QenH
KOM onpeRenReTCR BKnaROM npOQeCC08 C o6pa308aHHeM npoMe>KyT0\.1-
HbiX 6030HH~X pe30HaHC08, 

3aMeTHM, \.ITO RnR npoCTOTbl 8bi\.IHCneHHH ctJepMHe8C.KHM R8H>KeH~eM 
HYKnOHOB B RApe npeHe6peranOCb 1 y\.leT KOTOporo HeCKOnbKO y8e
nH\.IHT KHHeMaTH\.IeCKY~ rpaHHQY 8~neTa nHOH08 Ha3aR 1 \.ITO 8~RHO 
1-13 Hepa8eHCT8a /2/. • 

noR8eReM ~TOr np08eReHHOMy HCCneR08aHH~. B aRpOH-RRePH~X 
peaKQHRX C 8blneTOM 3HeprH\.IHbiX nHOH08 B 3aRH~~ nonycctJepy KHHe
MaTH\.IeCKI-1 8~rORHO PORHTbCR pe30HaHCY B npoMe>KyTO\.IHOM 'COCTOR
HI-11-1, KOTOPbiH 83aHMOReHCT8yeT C HyKnOHaMH RRPa, nocne \.lero o6-
pa3yeTCR Ha6n~RaeMbiH "-Me3oH. Ha1-16onee RpKo 1-1 3Ha\.IHTenbHO 
8KnaR nOR06HbiX npOQeCC08 C o6pa308aHHeM 6030HHbiX pe30HaHC08 
8 HHKni03H8HbiH cneKTP nHOH08 e peaKQHRX NA ... rrX npoR8nReTcR 
npH 8biCOKHX 3HeprHRX 11 np11 (} "" 180 ° B n, C, noR4epKHeM, \.ITO 

8 

y\.leT TaK11X 3$1leKTOB, B OCH08HOM 1 onpeRenReT <IJOPMY 8biCOK03Hep
reTH\.IeCKOH 4aCTI1 cneKTpa 11 n0380nReT Ka\.leCT8eHHO Oni1CaT.b 
11Mel0~11eCR 3Kcnep11MeHTanbHble RaHH~e. npl1 MeHbWI1X yrnax BblneTa 
rr -Me30H08 HaPRRY C ynOMRHYT~MI1 MOryT ·RaBaTb 3aMeTHbiH 8KnaR 
6onee cno>KHble npoQeccbl nepepacceRHI1R 11 Me3oHoo6pa3o8aHI1R 8 
npOMe>KyT04HOM COCTORHI111, 

3aMeTI1M 1 \.ITO paCCMOTpeHHaR np116n11>KeHHaR MORenb R8nReTCR 
n11wb ORHI1M 113 B03MOlKHbiX Ka4eCT8eHHbiX TeopeTI14eCKI1X o6"bRCHeHI1H 
o6pasoeaHI1R KyMynRTI1BHbiX "-Me30HOB 8 peaKQHRX NN ... 11X. 

8 3aKn~4eHI1e a8TOPbl XOTen11 6br 8brpa311Tb rny6oKyro 6naroRap
HOCTb C.6.repac11M08y, A.6.ro80pK08y, B.6.Koneni108114Y, r.A.neK
CI1HY, B.C. CTaBI1HCKOMy sa nnoROT80PHble o6cy>KReHI1R 11 3aMe4aHI1R. 
A8TOpbr npi13HaTeJ1bHbl TaK>Ke H. 8. CnaBI1HY 3a noMOlllb np11 411CJleHHbiX 
pac4eTax. 
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