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B pa6oTax 11. 2/ nony4eHbl 4>eHoMeHonon14eCKHe BbiPaiKeHHR All.A 

HHKJ1~3HBH~X peJl.ATHBHCTCKH-HHBapHaHTH~X pacnpeAeJleHH~ HYKJlOHOB 

1-1 MeaoHoB e HeynpyrHx N -N ·cTOJlKHOBeHHRX, xopowo cornacyiOillHe

c.A c 3KCnepHMeHTOM npH 3HeprHRX T ~ 5 r3B. B HaCTO.Aille~ pa6o-

Te aHanorH4Hble BbrpaiKeHH.A npeAnara~TCR AJl.A HeynpyrHx 77-N 
B3aHMOAe~CTBH~. 

PacnpeAeJleHH.A 11 coxpaH.AIOI1lHXC.A 11 4acTH~ /Me3oHa npH x > 0 
H BbiJleTa10111ero B npOTHBOnOJlOIKHY~ nonyc4>epy HYKJlOHa C X < 0/ Mbl 

6yAeM OnHC~BaTb B~paiKeHHeM, KOTOpoe C T04HOCTbiO AO 4HCJleHH~X 

3Ha4eHH~ K034>4>H~HeHTOB COBnaAaeT C HCnOJlb30BaBWHMC.A B pa6o

n/ 1/ Bbrpa!KeHHeM AJlR cneKTpa JlHAHPYIOillHX 4aCTH~ e N- N CTOJlKHo

eeHH.AX, CooTBeTCTBYIOillHe 3Ha4eHH.A Ko34>4>H~HeHTOB yKaaaH~ e 

T a611, 1 H 2 *, 
K 11

HeCOXpaHRIOI1lHMCR 11 4aCTH~aM B 77-N CTOJlKHOBeHHH KpOMe 4aCTI1~ 
C 113MeH11BW11Mio1C.A 3HaKaMI1 3aPRAa OTHOC.ATCR TaKIKe HYKilOH 11 Me30H, 

coxpaHHBWHe 3HaK aap.AAa, HO BbllleTa~lllHe e nonyc4>ep~, npoTHBono

IlOIKHbre HanpaBJleHH.AM AB111KeHI1.A COOTBeTCTBYIOI1l11X nepBI14HbiX 4aCTI1~ 

/HanpHMep, B CJly4ae 77-- p B3alo1MOAe~CTBI1.A 3TO npOTOH C X> 0 
11 77- -Me3oH c x< 0 I. 11HKI110311BHbl~ cneKTP HecoxpaH.AIOillHXC.A 4aCTI1~, 
Me30HOB 11 HYKJlOHOB,E·d 3anc/dp 3 Mbl TaKIKe B~6epeM B TOM >Ke 

BHAe, KaK All.A N-N CTOJlKHOBeHH~ /eM, !POPMYJlY /1/ B pa6oTe /2/, 
rAe HaAo C411TaTb x = I xI I. CooTBeTCTBYIOillHe 3Ha4eHHR K034>4>H

~HeHTOB npi-1BeAeHbl B Ta6Jl, 3, 3TH 3Ha4eHI1.A npHMeHio1M~ KaK Ail.A X> 0, 
TaK lo1 AJl.A X< 0. i1CKJ1104eHio1e COCTaBJl.AeT JlHWb K03dl4>1o1~1o1eHT "b", 
BeJllo141o1Ha KOTOporo AJl.A X<O yKa3aHa B CK06Kax, 

P1-1c. 1 ..., .!. lo1JlJliOCTPI-1PYIOT xopowee cornac1o1e Bbr6paHHblx annpoK

Cio1Ma~...,~ C on~TOM, 

Ha cneAYIOilleM PI-1CYHKe ..., e Ta6n. 4 npi-1BeAeHbl AaHH~e no cpeAHe~ 
MHOIKeCTBeHHOCTI-1 BTOplo14HbiX 4aCTH~ 

3 3 3 3 
-1 d ac d p -1 d anc d p 

<n >=a. ( (E-)--+a. ((E-)-, 
x 1n dp3 E m dp3 E 

/1/ 

rAe HHTerpHpOBaHio1e cneKTPOB COXpaH.AIOillHXC.A 1-1 HeCoxpaH.AIOI1llo1XCR 

4aCTio1~ B~nOJlH.AeTC.A no COOTBeTCTBYIOI1llo1M 3Ha4eHHRM X /nepeAHio1M 

* Mbl lo1CnOJlb3yeM Te IKe CTaHAapTHble o603Ha4eHio1R, 4TO 1-1 B 

Tax h. 2/, ,llanee eeaAe T- KI-1HeTI-14ecKaR 3Hepri-1R HaJ1eTa10111e~ 
Tlo1~bl B Jla6opaTOPHO~ Clo1CTeMe KOOPAI-1HaT. 
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Ta6mn-1a I 

3Ha4eHHH K03$~H~HeHTOB AnH pac4eTa cneKTpOB COXpaHHW~HXCH 
"-Me30HOB H HyKnOHOB B o6naCTH lxl<0,7 

~· 
R 

a b c d f g )' u v 

t ~. 

u.~ ~ 
JL-p-+:Jt- +•·· 

db Ib -0,6 6,4 U,J -3,2 1,~6 5 

Jl!f:>-p+ ... 2,I O,Ib 0,04 b,2 O,I 5,b 1,~6 1,3 -U,2 

Ta6nH~a 2 

3Ha4eHHH K03$$H~HeHTOB AnH pac4eTa cneKTpOB COXpaHHW~HXCH 
"-Me30HOB H HyKnOHOB B o6naCTH 1 X!~0.7 

O.D,~HaKOBble .D,JI.fl 
?l!p ~X.t+ ... ,:rt acex peaKL\~A: P -r + ..• 

A - I 5 
R - \.),02 

~ 
o( - U,t; 

i ci., ~· '(< r,i Ri Gi R. 
l. 

I u 0 I 5 j 7 I 7 32 I I 

~ O,tl -u,5 I,b 6,5 4,6 36 5 3 
j u -I,u 0,2 0,1 I ,4 - -

1-1 3aAHHM nonyccpepaM BbiJleTa 4acT~-t1.1/. Pac4eTHble KPHBbJe 6n~-t3KH 
K 3KCnep~-tMeHTaJ1bHbiM T04KaM. np~-t T ~ 100 f3B 3Kcnep~-tMeHTaJ1bHble 

3Ha4eHHR <ncb> CI-ICTeMaT~-t4eCKH pacnonara~TCR HeCKOJlbKO B~We 
pac4eTHOH KPHBOH. 3To o6ycnosneHo TeM, 4TO ~-t3MepReMaR Ha onbi
Te CyMMapHaR MHO~eCTBeHHOCTb BCeX 3apRmeHHbiX 4aCTI-II.I Ha BeJli-!41-1-
HY MHOmeCTBeHHOCTH CTpaHHbiX 4aCTI-II.I 1-1 aHT~-tnpOTOHOB <n s,~ > 
60J1bWe pac4eTHbiX 3Ha4eHHl1 <n\ > = <np>+ <n"± >. 

KaK H s cny4ae p -p B3a~-t~OAeHcTBHH /eM. 121;, Ha~-t6onbwe.:1 
OKa3b1BaeTCR MHOmeCTBeHHOCTb 4aCTHLI coxpaHR~~erOCR 3HaKa 3aPRAa, 
He 3aBHCR~eH OT 3aPRAa MHOmeCTBeHHOCTb Me30HOB CTaHOBHTCR JlHWb 
np~-t o4eHb BbiCOKHX 3HeprHRx: T ~ 10 3 f3B. BMecTe c TeM AOJlR pom-
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Ta(Smt~a 3 

3HaqeHHH K03$$H~HeHTOB AnH CneKTpa HeCOXpaHHW~XCR 

qacTH~ 

Ko:$1>~1..\. '1: t Ji p -:r + •• Jlt p --:-+ .11"+ •.. ~:tp -p+ .•• ,rp -Ji\ ... 

a 20 22 I,5 20 
b I,t;(2,6) * I,7(2)* 4 2,6 

I 

c 0,02 O,UI -0,02 U,U2 I 

d 2,2 I,4 1,5 I ,4 
f O,OI 0,04 -U,I O,OI 
g I ,6 0,55 1,8 I ,6 
h II II 6 6 

~·-~-

*an" o5nacnt x .< o. 

Ta6nH~a 4 

0THOCHTenbHa.R senuqHHa MHOJKeCTBeHHOCTH HeATPMbHbiX 
H 3apHJKeHHhlX Me30HOB B HeynpyrHX "-p -asaHMO~eACTBHHX 

( n ~· > / ( n 1;! > 
T , fsB 

pactleT onbiT 

7 0,4I 0, 40z0, I2 [ 5-'7] 

!U 0,44 

25 0,46 0,47.:!;.0,05 [t:$] 

40 0~46 0,45.:t.O,UI [91 

roo 0,47 o,46z0,06 (18] * 

205 0,48 0,56.:!;.0,09 (19] * 
!OJ 0,49 

* C HCnOJ1b30BaHJAeM 3Ha4eHJAR .<n + >=<D h > - <n >th 
"- c exp P eor 
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PHc. I . L\lfqxpepeHI..IHaJibHbie pacnpe.r:~eneHHH 
~eHHbiX l!aCTH'-1 a ueynpyrHx 77- N 
CTOJIKHOBeHHHx. Tol!KH - pacl!eT ,[IJIH 

T =16 f3B, 3KciTepHMeHTaJibHbie KpHBbie 

B3HTb! 113 pa5oT /3,4/, 0KOJIO KPHBbJX yKa-

3aHbl COOTBeTCTBYfO~e 3Hal!eHHH p ~ /f3B/ c/, 

TeopeTHl!eCKHe CITeKTpbi ITpOTOHOB ITPH X < 0 
H 77- -Me30HOB ITpH X> 0 paCCl!HTaHbl ITO 

¢opMyne ,[IJIH coxpaHHIO~HXCH l!aCTHI..I. OcTau

WHecH llaCTH CJieKTpOB 3THX llaCTHI..I If cneKTp 

77+ -Me30HOB BblilOJIHeHbl ITO ¢opMyJie ,[IJIH 

HeCOXpaHHIO~HXCH llaCTifllo 

P11c. 2. L\HqxpepeHI..IHaJibHbie pacnpe.r:~eneHHH 
rr

0 
-Me30HOB, POJK,IJ;a!O~HXCH B 77- -p CTOJIKHO

BeHHHX np11 3ueprHH T. KpHBbie - pacl!eT. 

3KcnepHMeHTaJibHb!e TOl!KH B3HTbl H3 pa5o-

TLI /5/, 0KOJIO KpHBbiX yKa3aHbl 3Hal!eHHH 

P..J. /f3B/c/. .... 
1f-p--1ro+ ... 

T=10
2 

r3B ~ T=2·102 r3B 

-+~ 
1.6-1.8 

0,5 1 0,5 1 
X 

s ··t . 

. t 

u.· 
I ,, 
~: ,, 
I 
J l 
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-------

Aa101111-1XCR 17° -Me30HOB BO BCeM I-1HTepea11e 3Heprl-1i1 T >>1 r3B oc
TaeTCR n04TH nocTORHHoi1: <n rro >I <n 

11
± > = 40-50%. 

CpeAHHe nonepe4H~e HMnyilbC~ coxpaHRIOIIIHXCR HYKilOHOB 
H Me30HOB OKa3~BaiOTCR 3aMeTHO 60ilbWHMH no CpaBHeHHIO C npaKTH-
4eCKH OAHHaKOB~MH nonepe4HblMH HMnyilbCaMH OCTailbHbiX 4aCTHLl 
/CM. Ta6Il.5, rAe B Ka4eCTBe npHMepa paCCMOTpeHO rr--p B3aHMO
Aei1CTBHe/, 3HepreTH4ecKaR aaeHCHMOCTb <p~> o4eHb c11a6aR. 

BblAeileHH~i1 xapaKTep coxpaHRIOIIIHXCR 4aCTHLl npoRBilReTCR H e 
BeilH4HHe HX 3HeprHH, KOTOpaR 3Ha4HTeilbHO, OC06eHHO AilR HyK
IlOHa, npeeocxoAHT 3HeprHIO ocTailbHbiX 4aCTHl.l. HanpHMep, e c11y4ae 
17--p B3aHMOAe~CTBHH CPeAHRR 3HeprHR npOTOHOB B CHCTeMe LleHT
pa Mace < 'Ip > ~ T liz nOA06HO TOMY, KaK 3TO HMeeT MeCTO npH p- p 
CTOilKHOBeHHRx. B TO IKe epeMR 3HeprHR Me3oHOB - Ta , rAe a= 0,3; 
npH 3TOM <T 17+>= <T·17o >, a 3HeprHR 77- -Me30HOB, cpeAH KOTOPbiX 
HapRAY C coxpaHRIOUIHMHCR HMeiOTCR 6blCTpble IlHAHPYIOUIHe 4aCTHl.lbl, 
OKa3biBaeTCR npH6IlH3HTeilbHO B nOilTOpa pa3a 60ilbWeH /CM, pHc,4/, 

npH OAHOH H TOH IKe nepBH4HOH 3HeprHH T KHHeTH4eCKaR 3HePrHR 
BTOPH4HbiX Me30HOB B rr- N CTOilKHOBeHHRX B cpeAHeM Ha 10-20% 
60ilbWe, 4eM B Cily4ae N -N B3aHMOAei1CTBHH /B CHCTeMe l.leHTpa 
Mace/. 

B 3KcnepHMeHTailbHblX pa6oTax 4acTo paccMaTpHeaeTcR K03$$H
LlHeHT HeynpyrocTH < K> •. xapaKTepH3YIOIIIH~ 3aTpaT~ 3HeprHH Ha 
o6pa3oeaHHe HOBblX 4aCTI-1Ll. B c11y4ae 77-N e3aHMOAei1cTBHi1 3TOT 
K03$$HllHeHT onpeAeilReTcR MeHee DAH03Ha4Ho, 4eM AI1R N-N B3aHMo
Ae~cTBHi1. B COOTBeTCTBHH C era $H31-14eCKHM CMbiCilOM K03$$Hl.lHeHT 
< K > CileAoBailo 6bl onpeAeilHTb KaK 

<K>= 1-I<TN>+.<T 17 >+MN+M 1/v's. /2/ 
LID 11 

rAe <TN > H <T "LID> - CPeAHHe KI-1HeTI44eCKHe 3HeprHH BTOPH4HOro 
HYKilOHa H IlHAHPYIO~ero 77 -Me30Ha, M N H M 77 - HX MaCCbl. 0AHaKO 
B HaCTORUiee epeMR HeT 06111enpHHRTblX Kpi-1TepHeB BblAeileHHR IlHAH
PYIOUieH 4aCTHLlbl CPeAH APYrHX coxpaHRIOUIHXCR 4aCTHLl H COOTHOWeHHe 
/2/ 4aCTO 3aMeHReTCR $OPMYilOH 

<K > = < A E rr > I 'If s , /3/ 

rAe < !'1. E 11 > - cyMMapHaR cpeAHRR 3Hepri-1R ecex BTOPH4H~x Me3oHoB 
B CHCTeMe l.leHTpa Mace 3a B~4eTOM cpeAHei1 3HeprHH OAHOro BTOPH4-
HOro Me3oHa < E ± >= .<T + >+ M ± • Pacc4HTaHHble TaKHM 

. 1T 17- 1T 
o6pa30M AI1R CilY4aR 77--p B3aHMOAeHCTBHH 3Ha4eHHR<K>BMeCTe 
C H3BeCTH~MH 3KcnepHMeHTailbH~MH AaHHblMH npHBeAeH~ B Ta611,6. 

BeilH4HHa <K>, onpeAeileHHaR no $opMyile /2/, no4TH BABOe 
npeeocxoAHT K03$$HllHeHT HeynpyrocTH N-N B3aHMOAei1cTBHi1 /eM. 
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I 

pa6oTy/t/; H eoapacTaeT np~ yeenH4eHHH 3HeprHH nepBH4Ho~ 4aCTH
~bt T.3To o6ycnoeneHo 6onbWHM BKnaAOM n~A~PY~~ero Me3oHa" 

Ta6nHu;a 5 

CpeAHHH nonepetJHbiH HMllYJibC BTOpH'lHblX tJaCTHIJ; B HeynpyroM 

TT-- p B3aHMOAe:i:tcTBHH 

T, f3B <. pl p > , faB/c (P J Jl- ) ' faB/c < pJ. .?i•, r. o > , faB/c 

10 0,42 0,36 0,30 

(0,42!0,03)[23,24] * (O,JU!O,U2) (23,24 

20 0,43 U,37 0,32 

(0,42,!0,04) [22] (0,37!0,01) (25,26] 

40 0,43 U,Jd O,JJ 

(0,356,!0,004) [27] <0,369z o,oo4>[27J 

Iu2 0,44 u,J9 U,J4 
IUJ 0,45 U,4U 0,35 

bxiu3 0,46 U,42 U,J6 
-

* B cKo6Kax yKaaaH~ 3Kcnep~MeHTanbH~e AaHH~e. 

6 

Ta6JIHu;a 6 

Ko3clxPHIJ;HeHTbl HeynpyrOCTH TT-- p B3aHMOAeHCTBHH B CHCTeMe 

u;eHTpa Mace 

T, r3B <Kp> <K> 

Pac4eT On~T 128/ 

7 0,30 0,47 0,49:!:0,08 

10 0,30 0,48 0,57:!:0,05 

16 0,30 0,51 0,56.-t0,06 

10 2 0,29 0,59 -
108 0,26 0,67 
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21-_.~~··· 
"""~···· ... r .. 

o:t", , , 1 .... 1 , , 1 , .. , (n~), J 
10 50 102 5-1)2 1)3 5-1)3 

T /P3B/ 
PHc.3. CpeAHRH MHOEeCTBeHHOCTb tJaCTHIJ;, POEAaiD~XCR B HeynpyrHx 

rr-- p B3aHMOAeiicTBHHX. CnnomH&Ie KpHBble - pactJeTHbie 3HatJeHHR 

<np > H < D~h >. I!ITpHx-nyHKTHpHaR, TO'letJHaR H nyHKTHpHaR KpH

Bble - pactJeTHbie 3HatJeHHR <n 
77

_ > , .<n 770 > , .<n n-t >. 3HatJKaMH o , 

e , /),. , • , X HaHeCeHa 3KCnepHMeHTaJibHaR MHOEeCTBeHHOCTb <n p>, 
<n* > <n > <n > <n > /6-21/ 

Cb ' TT- ' TT + ' TT
0 

• 

........ 
t:Q 

I I I I I I I I I I '/116 4 ''""' . A I I ' • 

"' r..... '3 ,, 
~ .._:. 
v2 

1 

1{"-+ p /II -bf 
12 v 

......... 
1-j 
w 
01 
........ 

8 

4 

2 

I I I to •· 4 I I .L ·~L~ ......... I • ~ ... ~ 0 I :A: J t 'so 1) 

PHc.4. CpeAHHR KHHeTHtJecKan 3Heprnx BTopnqJ~ tJaCTHIJ; B Heynpyrnx 

rr~p -e3aHMOAeAcTBHRX /cncTeMa u;eHTpa Mace/. CnnomHaR KPHBaR-

3HeprHH npOTOHOB. BepXHHH H HKEHRH nyHKTHpHble KPHBble - COOTBeT

CTBeHHO <T rr-> H <Trr+>· ToqeqHaR KPHBaR - cpeAHHR 3HeprHH 3apRlKeH

HbiX Me30HOB • 3HatJKaMH • HaHeCeHbl ycpeAHeHHble 3KCnepHMeHTaJibHble 

AaHHble AJIH 3apRlKeHHbiX Me30HOB, SHaqKH 0- 3KCnepHMeHTaJibHble 

AaHH&Ie AJIR npoToHoB /25,28-81/. 

7 



"" 

l 

Ta6JIH'-Ia 7 

0THOCHTeJibHaH AOJIH 3HeprHH, 

3aTpaqHBaeMaH B "-'-p 
B3aHMOAeHCTBHHX Ha o6pa30BaHHe 

"
0 -Me30HOB B Jia6opaTOPHOH 

CHCTeMe KOOPAHHaT 

np~e o6CTOHT Aeno c nap
~HanbH~MH K03~H~HeHTaMH He
ynpyroCTH, OTHOC~~HMHC~ 
KO 8TOPH4HOMY HYKnOHy H "• 
Me30HaM, aap~A KOTOP~X OT
nH4eH OT 3aP~Aa nep8H4HOrO 
MeaoHa 

OnbiT 

<Kx>= <nx>l <T x>+ Mxllvs. /4/ 
T, f3B PacqeT 

10,5 
18,5 
40 
10 2 

103 
5 ·1 0 3 

0' 19 
0,20 
0,23 
0,24 
0,26 
0,27 

0,22+0,01 132/ 
o, 2 f+o, o 1/33,34; 
0,25:I0,01 /34/ 

HeoAH03Ha4HOCTb 3THX K03$$H
~HeHT08 C8~3aHa nHWb C 8~-
6opOM CHCTeM~ KOOPAHHaT. KaK 
H 8 cny4ae N-N 83aHMOAei1-
CT8Hi1, npOTOHHbiH K03<1J$H~HeHT 

HeynpyrocTH <KP> npaKTH-
4eCKH He 3a8HCHT OT 3HeprHH T, Me30HHble K03$$H~HeHTbl Heynpyro
CTH 04eHb MeAneHHO y8enH4H8a~TC~ C pOCTOM T /CM, Ta6n,6 H lf, 
npH 8CeX 3HeprH~X T~10 r3B OTHOWeHHe K03$$H~HeHT08 HeynpyrOCTH 
HecoxpaH~~~HXC~ Me30H08 pa3nH4H~X 3HaK08 3ap~Aa /HanpHMep, 
<K"o>/<K"+> 8 cny4ae "--p CTOnKH08eHHH/ C T04HOCTb~ AO 
HeCKOnbKHX npo~eHT08 pa8HO eAHHH4e, 

Ha npH8eAeHH~X AaHH~X 8HAHO, 4TO annpoKCHMHPY~~He 8~pa~eHH~ 
An~ AH$$epeH~HanbHbiX pacnpeAeneHHH coxpaH~~~HXC~ H HecoxpaH~~
~Hxc~ 4aCTH~ Ed 3a 1 d p3 noa8on~~T 11 C8epHyTb 11 6onbwHe o61>eMbl 
3KCnepHMeHTanbHOH HH$OpMa~HH, C nOMO~b~ 3THX 8~pa~eHHH MO~HO 
nony4HTb AOCTaT04HO T04Hble O~eHKH pa3nH4H~X 8enH4HH 8 TeX o6-
naCT~X KHHeMaTH4eCKHX nepeMeHH~X, An~ KOTOP~X e~e HeT H3MepeHHH, 
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