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§1. BBEt\EHHE 

B HaCTOA~e~ pa60Te npeACTaBneH~ pe3ynbTaT~ 3KCnepHMeHTanbHOrO 
aHanHaa BaaHMOAe~CTB~A penAT~BHCTCKHX 4aCT~u - nHOHOB C TA~e
n~M AAPOM 131Xe MeTOAOM H3Y4eHHA KoppenAU~~ no MHo~eCTBeHHO
CTAM H3nY4aeM~X 4aCTHU. 3Ta paOOTa ABnAeTCA nor~4eCK~M npoAon
lKeHHeM HccneAOBaHHA, npOBeAeHHoro paHee AJ'lA npOCTe~wero AApa -
AelilTpoHa /ll. 

3HeprHA nepSH4Horo 11- -Me30tla Eo = 3,5 r3B H ~ccneAyeMbI~ 
npouecc ~anY4eHHA 4aCT~u B aaA,3HHYIO nonyCQlePY TaKOB~, 4TOB~

nonHAeTCA ycnoBHe npeAenbHO~ ct>parMeHTaUHH AAep /2/; I Yo - Yj I > 2, 
rAe YQ(i) - npoAonbHaA 6~cTpoTa nepB~4Hoa:1 IcooTBeTcTBeHHo, BTO
p~4Ho!11 4acT~U. 

napaMeTpaM, xapaKTepH3ylO~HM BblxoA B 06nacTb, KHHeMaT~4eCK~ 

3anpe~eHHYIO AJ'lA B3aHMoAe.:1cTBHA C oTAenbHblM HYKnoHoM AApa IK30/. 
cny~~T MHH~ManbHaA 3ctK1leKT~BHaA Macca M~weH~ Q(E ,E. (}), rAe E 
H () - nonHaA 3Hepr~A H yron B~neTa BTOP~4H0.:1 4aCT~ubI 13/. B pac
cMaTpHBaeMOl<l cnY4ae, Kor Aa BenH4~Ha (E 0 - Po )1 m '" 11 2/2mEo• B KO
TOPOa:1 11 H m - Macc~ n~OHa ~ HYKnOHa COOTBeTCTBeHHO, npeHe6pe~~MO 

Mana, 

Q 1(1 ~£_- m 
p E--)' III 

o 
rAe f3 p (E - PI!)/ m. , P II - npoAonbHaA KOMnOHeHTa HMnynbca HYKnoHa. 
AnA n~OHa 

QT1 ;: f3 1T (1 - E11 lEo ), 121 

rAe f311 onpeAeneHa no ct>opMyne, aHanorH4Hoa:1 np~BeAeHHoa:1 Bblwe AnA 
HYKnOHa. 06paTHM BH~MaH~e Ha TO, 4TO B onpeAeneH~e napaMeTpa 

Q p BXOAHT KHHeT~4eCKaA 3Hepr~~ HYKnOHa, a napaMeTpa Q 11 - non

HaA 3HeprHA Me30Ha. 

CpeAH Bcex BTOPH4HblX npOTOHOB Bbl6epeM TOT, y KOToporo napa-
Np

MeTp Q max IQ I = \' ~ Ha30BeM ero s -npOTOHOM. AHanorH4H~M 06s j j 

pa30M onpeAenHM n~OH C napaMeTpOM Qk .06e 4aCTHUbi H ~x napaMeTpbl 
Q H Qk onpeAeneHbI He3aBHCHMO B CBoeM Knacce 4aCTH4' Ecn~ nas 
paMeTp Qp,11 xapaKTepH3yeT OTAenbHYIO 4aCTHUY, TO napaMeTp Qs(k) 
CTaHOBHTCA, no onpeAeneHHIO, xapaKTep~cT~Koa:1 Bcero npouecca ~nH, 
~Ha4e rOBopA, KonneKTHBHoa:1 nepeMeHHoH. 

Cy~ecTBeHHo.:1 TPYAHOCTblO npH ~ccneAOBaHHH npOUeCCOB Ha AApe, 
TeM 60nee TAlKenOM, OKa3b1BaeTCA HeHa6nlOAaeMOCTb OKono 60% Bcex 
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HYKnOHOB. B HaWeM CnY4ae aHanH3 e~e OCnOmHeH TeM, "ITO no ycno
BHRM 3KcnepHMeHTa H3MepRnHCb 3HeprHH TonbKO HeHTpanbH~X nHOHOB. 
Ha6n~AaeM~e 4aCTH~~, a TeM 60nee Te, y KOTOp~X H3MepRnHCb 3Hep
rHH, 3anonHR~T TonbKO 4aCTb ~a30Boro 06DeMa. TaK "ITO B KamAOM 
OTAenbHOM C06~THH BenH4HHa Q(N). MaKCHManbHaR AnR Bcex N H3

s 
nY4aeM~X B CO~THH HYKnOHOB, HeH3BeCTHa, H MomeT OTnH4aTbCR OT 
~ • AHanorH4HaR cHTya~HR Ha6n~AaeTCR H AnR Me30HOB. 

B OTnH4He OT cnY4aR, paCCMOTpeHHoro B Ill, rAe Bce napaMeTpbl 
AeTepMHHHpOBaH~ B KamAoM C06~THH, Haw aHanH3 B~HymAeHHo onHpaeT
CR Ha CTaTHCTH4eCKHe MeTOA~ 06pa60TKH HH~opMa~HH C napaMeTpaMH. 
onpeAenReM~MH KaK cpeAHHe BenH4HH~ B pacnpeAeneHHRX. 

§2. 3KCnEPWMEHTAJlbHbiE .llAHHblE 

B pesynbTaTe npOCMoTPa 75000 CHHMKOB 6~no oTo6paHo 6301 He
ynpyroe c06~THe 14/, Y npOTOHOB C KHHeTH4eCKOH 3HeprHeH B~we 
20 M3B, T.e. C 3aBeAOMO ManOH npHMeCb~ I'HcnapHTenbH~xlI HYKnoHoB, 
H AO 200 M3B npOHSBOAHnHCb H3MepeHHR 3HeprHH C T04HOCTb~, KOTO
paR COCTaBnRna a cpeAHeM It%, a owH6Ka B onpeAeneHHH yrna HC
nYCKaHHR - OKono 3°. nPHBeAeHHaR 3AeCb BepXHRR rpaHH4a onpeAe
neHa B cpeAHeM no 60nbwOMY 4Hcny C06~THH. AnR OTAenbH~X TpeKOB 
npeAenbHoe SHa4eHHe MOll<eT COCTaBnRTb ltOO M3B. Y HeHTpanbH~X 
nHOHOB T04HOCTb H3MepeHHR 3HeprHH COCTaBnRna 12%. T04HOCTb on
peAeneHHR yrna HcnYCKaHHR nHOHOB n~60ro sapRAa paBHa I? CpeAI1 
4acTH4, HAeHTH~H~HpoBaHH~x B Ka4eCTBe IInpOTOHOBII, npl1MeCb 17'-

MeSOHOB COCTaBnRna /172/% H.He 60nee 10% ~parMeHToB, 60nee TR
men~x, 4eM npOTOH. He 60nee 10% COCTaBnl'leT H npHMeCb npOTOHOB 

. cpeAH 4acTH~, HAeHTH~H4HpoBaHH~x Ka K II 1T±-Me30H~1I • 
Bce penRTHBI1CTCKHe 4acTH4bl. KOTop~e He ocraHaBnHBanHCb 

B KaMepe H He MornH 6~Tb I1AeHTH~H~HpOBaH~, OTHeceH~ HaMH 
K Knaccy 111T:!: -MeSOHOB". CpeAH Bcex CO~THH cnY4aH, B KOTOPblX 
BCTpe4anHCb Hepa3nH4HM~e npOTOH~ H 1T--MeSOHbI, He npeBblwa~T 

WAeHTH~H4HpOBaHH~e 4aCTH4~, 3HeprHR KOTOp~X H3MepRnaCb, 
npeHMy~ecTBeHHO OTHOCRTCR K TaK Ha3~BaeMOH IIMeAneHHoi1" KOMno
HeHTe H3nY4eHHR RApa /CM. no 3TOMY nOBOAY 15.61 /. nOMHMO 3T0i1 
KOMnOHeHTbI, npH CTonKHOBeHHH penRTHBHcTCKoi1 4aCTH~~ C RAPOM 
o6paSyeTcR npOHHj(a~~afl 1l6~CTpaR" KOMnOHeHTa, CocTOR~aR HS nH
AYlpy!O~ei1 4aCTH~~ H ee conpOBomAeHHR, KonnHMHpOBaHH~X B 06naCTH 
Manblx yrnOB. KaK cneAyeT H3 aHanH3a /61 KHHeMaTH4eCKHx xapaKTe
PHCTHK 3TOH nocneAHei1 KOMnOHeHT~, OHa 06RsaHa CBOHM npOHcxom
AeHHeM pacceRHH~ nepBH4HOH 4aCTH~bI Ha OTAenbHOM HYKnOHe RApa. 

Ha pHc.l npeACTaBneHO pacnpeAeneHHe C06~TYli1 no napaMeTpaM 
Qs H Qk • AnR cpaBHeHHR TaM me npHBeAeHO pacnpeAeneHHe aceX 
sapen.tCTpl1pOBaHH~x npOTOHOB Mp H 1To -Me30HOB M1T no napaMeTpaM 

COOTBeTCTBeHHO:Q p H Q 1T 
~ t\N 1T /3/

Mp (-=--..l!...)NCOt'i 14 M1T = (-- )Ncoti • 
t\Qp t\Q 17 
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rAe t\Qp(17) = 0.1; t\ Np(1T) -, cpeAHee /B C06blnlJ1/ 4Hcno npoToHoB 
/rrO -Me30HOB/, nonaBWHX B YKa3aHHb!~ HHTepBan. npYl Q > O,lt

k 
H Qs > 1 ,5 B 3TOT HHTepBan nonaAaeT TonbKO OAHa 4aCTH4a /CM. 
PHc.I/. KaK BHAHO Yl3 pHCYHKa. npHMepHO B nonOBHHe cnY4aeB Ha6n~
Aa~TCR npOTOH~ B K30, T.e. C napaMeTpOM Q > 1, H, cneAo~aTenbp
HO, H3nY4eHHe 4acTH~ B K30 - 3TO He HCKn~4HTenbHoe c06~THe, 
a BnonHe 06bl4Hoe RBneHHe. 

\0 PHC. I. P acrrpe,o.CJteHHC C06blTHH 

rro rrapaMcTpaM Q s (0) H Qk (e). 

MpH M1T - pacl1pe,o.eJIeHHe Bcex 

3aperHcTpHpoBaHHbIX rrpoTOHOB 

H 17° -Me30HOB rro rrapaMeTpaM Qp~ 
, \ 

\t 
H Q1T cooTBeTcTBeHHo IBce KPHBblC

\t 3,o.ecb H B ,o;aJIbHetimeM rrpoBe,o.CHbl 

" OT pYKH/." "\+ 

<Np>.<Nrc> 
<ItAa. 

/ 
lY"i--t5 &r~~-r II 3J 

I ,,/I'+ I 
I 

1----J__ • .1.. ....3 I,.. -.~.:.-:-.r.....I __.....,.... 
I ",,1-, 

I " 
2~ *'<I:~.--~ -1l--_1......-t--~....... I
2. I .. ' , r 

o .../.,-" 

~ ~' 

o.s f,5 2 Qa o 0,5 QI( 

PHc.2. 3aBHCHMOCTH cpe,o.HHX MHOJICeCTBCHHOCTeH: a -npOTO
HOB, HcrrytqeHHblX R,o.paMH 131Xe(0) Ii U:lC(x) H nHOHOB (e,), 
H3JIYQeHHbix R,o.POM 131Xe,OT napaMeTpa Q s ; 6 -rrpoToHoB(O). 

17° -Me30HOB (e) H 3apHJKeHHbIX 17' -Me30HOB (tI.) OT na
paMeTpa Qk • 
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Ha pHc.2 npeACTaBneH~ 3aBHCHMOCTH OT napaMeTpOB Q S H Q k 
CpeAHI1X MHOlKeCTBeHHOCTeH 3MI1TTHpOBaHH~X RApaMH 131 Xe H12 C 
npoToHoB Np IB cnY4ae *) 17-12 C HMnynbc~ npoToHoB P ::: 140 ~13BI 
H nHOHOB N17.06pa~aeT Ha ce6R BHHMaHHe noporOB~H POCT MHOlKeCT
BeHHOCTH <Np > npH nepeXOAe B K30 C B~XOAOM Ha nnaTO npH 
Qs> 1,5 H Qk > 0,4. 

EcnH CAenaTb eCTeCTBeHHoe npeAnonOlKeHHe 0 nponop~HOHanbHO
CTH COCTaBa HYKIlOHOB, H3nY4aeM~x RAPOM, H30TonH4eCKOMY COCTaBY 
RApa, TO cpeAHRR MHOlKeCTBeHHOCTb BTOPH4H~X HYKIlOHOB 6YAeT npH
MepHO B 2,5 pa3a B~we Ha nnaTO! <N>max "" 13. nnaTo B 3aBHCHMOCTH 
OT napaMeTpa Q k Ha6n~AaeTcR KaK AnR cpeAHeH MHOlKeCTBeHHOCTH 
npoToHoB, TaK H AnR 170 -/'Ie30HOB, a MHOlKeCTBeHHOCTb HYKnoHoB, 
conYTCTBY~HX k -nHOHY, B 1,5 pa3a MeHbwe: <N> =8. 

nOporoB~e 3Ha4eHHR napaMeTpOB Q p H Q17 AnR K30, cornaCHO 
npHBeAeHH~M Ha pl1c.2 AaHH~M, B COOTBeTCTBHH C YCTaHoBHBweHcR 
TpaAH~HeH, B~6epeM paBH~MH Q;op = 1, a Q~op= 0,3 TaKHM 06pa30M, 
4T06~ 06ecne4HTb He06xoAHMY~ cTaTHcTHKY C06~THH KHlKe H B~we 
3Toro nopora. 4Hcno Bcex npOTOHOB C napaMeTpoM B~we nopora 
0603Ha4HM Ns ' a 170 -Me30HOB - Nk .0TMeTHM, 4TO no ycnoBHRM oT60
pa C06~THH B 3KcnepHMeHTe H H3 $H3H4ecKoro CM~cna napaMeTpOB 
Q s H Qk, HHlIte noporOBoro 3Ha4eHHR AonlKHO 6wTb N (lt;) '" 0 ICM.s 
pHc.31 H Np ~ 1 ICM. pHc.2/. nOporoB~H POCT cpeAHHX MHOlKeCTBeH
HOCTeH Ns -npOTOHOB H Nk -nHOHOB Ha6n~AaeTCR B 3aBHCHMOCTRX 
OT napaMeTpOB Qs HQk COOTBeTCTBeHHO ICM. pHc.3/. ConOCTaBnRR 
pHc.1 7 3, nerKO 3aMeTHTb, 4TO ~YHK~HOHanbH~e 3aBHCHMOCTH OT na
paMeTpOB Q s H Q k nOA06H~ C T04HOCTb~ AO CABHra ~Q = Q - "" 1.s Q k 

Ha pHc.2 BHAHO, 4TO cpeAHHe MHOlKeCTBeHHOCTH nl10HOB Bcex Cop
TOB yMeHbwa~TCR C POCTOM Qs,TaK lKenaAaeT H cpeAHRR MHOlKeCTBeH
HOCTb 3apRlKeHH~X nl10HOB C POCTOM napaMeTpa .Q k 

Ha pHc.4 npHBeAeHa 3aBHCHMOCTb cpeAHeH MHOlKeCTBeHHOCTH HeHT
panbH~X nHOHOB OT 4Hcna 3MHTTHpOBaHH~X npOTOHOB, a Ha pHc.5 
06paTHaR 33BHCHMOCTb, InpHBeAeHH~e Ha pHc.4B H 5B AaHH~e paHee 
6~nH ony6nHKoBaH~ B/7ij.~opMa 3aBHCHMOCTH He MeHReTCR, ecnH 
paCCMaTpHBaTb Te lKe 3aBHCHMOCTH C MHOlKeCTBeHHOCTb~ Bcex nHOHOB 
ICM. pHc.5B,r/. OKa3~BaeTCR, 4TO H3ny4eHHe BTOPH4H~X 4aCTH~ 
pa3Horo copTa KoppenHpOBaHO, T.e. Ha6n~Aa~TCR 3aBHCHMOCTH MelK
AY napaMeTpaMH, onHC~Ba~~HMH pacnpeAeneHHR BTOPH4H~X 4aCTH~. 
PHc.4a,6 H pHc.5a,B AeMOHCTpHPY~T CBR3b KoppenR~HH no MHOlKeCT
BeHHOCTRM C napaMeTpOM Qs,a HMeHHO: OTcyTcTBHe KoppenR~HH npH 
Q s < 1 H HX YCHneHHe C POCTOM napaMeTpa Q s B K30. He3aBHcH
MOCTb npHBeAeHH~x KoppenR~HH OT 1130TOnH4eCKoro COCTaBa Me30H
HOH KOMnOHeHT~ H3nY4eHHR RApa IpHC.4,51 npHBOAHT K eCTeCTBeH
HOMY npeAnonOlKeHH~ 0 He3aBHCHMOCTH OT H30TonH4eCKoro COCTaBa 

12
*) ,T.\aHHbJe AJUI 17- C -B3aHMO.D;eijcTBHH rronY'-IeHbJ rrpH 3HeprHH 17 

Me30Ha 40 r3B. 
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PHc.3. 3aBHCHMOCTH cpe.D;HHX MHO

<NK> .eCTBeHHOCTeA k-qaCTHQ: rrpOTO
HOB (0) H 170 -Me30HOB (e) OT rra

<Ns> ,~-f 
paMeTpOB Q s H Q k COOTBeTCTBeHHO. 

2.5 1.3 
PHc.4. 3aBHcHMoCTH cpe.D;HHx 
MHo.ecTBeHHoCTeA 17 0 -Me30HOB 
OT qHcna BTOPHqHbIX rrpoToHoBf.22.0 B C06bJTHH B pa3nHqHbIX ,lJ;Harra30
Hax 3HaqeHHA rrapaMeTpa Q s : 
a - ~ < I; 6-1 <Q s < 1,5(e) 
H Q s > 1,5 (0); B - AAH pa3nHtIHbIX 
3HeprHA rrepBHqHOA '-IaCTHQbJ: 

1.5 t.tA--rf 
f 
 Eo = 2, 34 (0) , Eo = 3,5 (") 


H Eo = 9/r3!V(_) AAH Bcex 3Ha

, , 
tleHHA rrapaMeTpa Qs •to ~ I l, ':5' .. i i I Q~~1(+1 

T 

<Nrr), 
(Nl1'> /t+ .L1.5

t1 :' ",;---.--1---T 
~J.'t,

A/ T ...,~}t}'!kl!k 
T +--... + 
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0.5 ~ " ~~ I ~9--~'+04 0." + 

~46Np2 2 4 6 8 10 Np o 5 10 Np 

HYKnOHHOH KOMnOHeHT~. B AanbHeHWHx HaWHX HccneAoBaHHRX cnpa
BeAnHBOCTb 3Toro npeAnonOlKeHHR 6YAeT nOATBeplKAeHa. 

H3 pHc.4B BHAHO, 4TO MaKCHMYM ~YHK~HH <N170 > OT MHOlKeCT
BeHHOCTH Np cna60 CMe~aeTCR B CTOPOHY 60nbwHx 3Ha4eHI1H Np 
C YBenH4eHHeM 3HeprHH nepBH4HOH 4acTH~~. AaHH~e npH Eo = 9 r3B 
MorYT paCCMaTpHBaTbCR KaK CBHAeTenbCTBO 60nbworo BKnaAa pe
30HaHCHoro pOlKAeHHR 4aCTH~, 4TO cornacyeTcR C pe3ynbTaTaMH pa
60T /1,81, B TaKOM cnY4ae MaKCHMYM, nORBnRIOUiHHCR B npHBeAeHHOH 
Ha PHc.4B 3aBHcHMoCTH H npH cpeAHHX 3HeprHRX, 06R3aH CBOHM 
npOHCXOlK~eHHeM BKnaAY Toro lKe KaHana peaK~I1H C pOlKAeHHeM pe30
HaHca. 

Ha6n~AaeMoe Ha pHc.4,5 B3aHMHoe nOAaBneHHe HYKIlOHHOH H Me30H
HOH KOMnOHeHT H3ny4eHHR RApa He onpeAenReTCR 6nH30CTb~ KHHeMa
TH4eCKOH rpaHH~~ peaK~HH. 3TO cneAyeT H3 Pl1c.5r, Ha KOTOpOM 
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PHc.5. 3aSHCHMOCTH cpegHHX 
MHo~eCTBeHHOCTe~ rrpOTOHOB OT: 

~ -+ a . - <lMCJIa BTOPH<lHblX "0 -Me30HOB4!~ +-+-r B pa3JIH<lHhlX gHarragOHaX 3Ha<leHH~\ ................ 

4-1 \. ..... + napaMeTpa Q : Q < I (e) ;s s 

1< Q < 1,5 (0) H Q > 1,5 (L'l.);\4--'-:;t4--.-.-.-+t 5 - AITR Bcex gHa<leHHM napaMeTpa
2-1 '+...:.+/ 

s s 

Q ; B - OT <lMCJIa Beex BTOPH<Is 
o~-.~-.~~~~~~__ HhlX nHOHOS B C05hlTHM B YKagaH


~ 10 N" 
 HhlX gMarra30Hax napaMeTpa Q s ; 
f' - TO ~e, <ITO H S, liO MR Beex 
3Ha<leHHH napaMeTpa Q s H MR gBYX 

:'lHepf'H~ rrepBHl:lHOH: <laeTH~hl. 

npHBeAeH~ cpeAHHe MHo*eCTBeHHOCTH <Np>B COOWTHRX C pa3HOH MHO
*eCTBeHHOCTb~ nHOHOB N"; AnR cpaBHeHHR - B cnY4ae BblCOKOH 3Hep
rHH Eo = 9 r3B nepBH4HoH 4aCTH~W H npH cpeAHeH 3HeprHH Eo = 
= 3,5 r3B. npH HeoonbWHX MHo*eCTBeHHOCTRX N" B OOOHX cnY4aRX 
Haon~AaeTcR OAHHaKOBaR no $OpMe 3aBHCHMOCTb. anR 60nbwHx 3Ha4e
HHHNrr .BepORTHOCTb 3MHCCHH HYKnOHOB npoAon*aeT MOHOTOHHO YMeHb
waTbCR npH cpeAHeH 3HeprHH, a npH BWCOKHX 3HeprHRX paCTeT BMeCTe 
C POCTOM 4Hcna nHOHOB. MHo*eCTBeHHOCTb nHOHOB He 3aBHCHT OT 
3MHCCHH HYKnOHOB npH 3HeprHH 9 r3B IKaK BHAHO H3 pHc.4B/, 3a 
HCKn~4eHHeM oonaCTH npeAnonaraeMoro B030Y*AeHHR pe30HaHCOB. 

AnR OODRCHeHHR npeACTaBneHHWX 3KcnepHMeHTanbHWX AaHHWX YAoo
HO paCCMaTpHBaTb npo~ecc MHo*eCTBeHHoro pO*AeHHR InMPI 4aCTH~ 
COCTORUlHM H3 AByx nOAnpo~eCCOB - OCHOBHoro H BcnOMoraTenbHoro. 
B paooTax /91 nMP own npeACTaBneH AByxcTaAHHH~M MexaHH3MOM 
C "oWCTPOI:1" H IMeAneHHoH" CTaAHRMH, npeAnonara~UlHMH pa3AeneHHe 
nOAnpo~eCCOB BO BpeMeHH. TaKoe npeACTaBneHHe HMeeT CKopee YC
nOBHo-TeopeTH4eCKHI:1 xapaKTep,4eM 3TO peanbHO npOHCXOAHT B npo
~ecce.HMeR 3TO B BHAY,oYAeM H B AanbHel:1weM AnR KpaTKOCTH npHAep
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*HBaTbCR BBeAeHHoH B paooTax /91 TepMHHonO~HH. B AOMHHHpy~eM 
npH cpeAHHX 3HeprHRX BapHaHTe MexaHH3Ma nHOH~ H3nY4a~TCR Ha 
BTOPOH cTaAHH, H 3TO H3nY4eHHe OKa3~BaeT AecTpyKTHBHoe BnHRHHe 
Ha 3MHCCH~ HYKnOHOB B K30~ 

H3MeHeHHe xapaKTepa KoppenR~HH IPHC.4,51 npH YBenH4eHHH 
3HeprHH nepBH4HoH 4aCTH~~ H MHo*eCTBeHHOCTH BTOPH4H~X Me30HOB 
MO*HO paCCMaTpHBaTb KaK npORBneHHe aKTHBHoro Y4aCTHR MeaOHOB 
HnH HX B036Y*AeHH~x COCTORHHI:1 Ha 16wCTPOH" CTaAHH npo~ecca. 
npH 3TOM HYKnOH~ H Me30H~ KaK 6w MeHR~TCR ponRMH. TaKHM oopa
30M, B HccneAyeMoM npo~ecce 06HapY*HBaeTCR ABa MexaHH3Ma, HnH, 
BepHee, ABa BapHaHTa oAHoro MexaHH3Ma, B KOTOPWX HYKnOHW B OA
HOM cnY4ae, a Me30HW B APyroM, Hrpa~T onpeAenR~~y~ ponb. 

H3 npHBeAeHHWX AaHHWX ICM, PHc.2,31 cneAyeT, 4TO cpeAHHe 
MHo*eCTBeHHOCTH BTOPH4HWX 4aCTH~ pa3Horo copTa AOCTHra~T npe
Aem'lHbiX BenH4HH HaCWUleHHR B K30 npH AOCTaT04HO 60nbWHX 3Ha4e
HHRX napaMeTpOB Qs H Qk.HapyweHHe 6anaHca npH oT6ope C06WTHI:1 
C noBwweHHol:1 MHo*eCTBeHHOCTb~ 4aCTH~ KaKoro-nH60 copTa B o6na
CTH cpeAHHX 3Hep~HI:1, KaK Cne/\yeT H3 pHC. 4,5, npHBOAHT K YMeHb
weH"'~ 4Hcna 4aCTH~ APyroro cc>pTa. TaK 4TO BepORTHOCTb C06WTHR 
C cYMMapHoH MHo*eCTBeHHOCTb~, CHnbHO OTnH4a~UleHCR OT cpeAHel:1 
BenH4HHW, OKa3WBaeTCR AOBonbHO ManOH BenH4HHoH. Ha30BeM YKa3aH
Hoe CBOHCTBO 3~KTOM cTa6HnH3a~HH 13C/. 

Ha pHc.6 nOKa3aHo, 4TO 3C 4Hcna BTOPH4HWX 4aCTH~ Ael:1CTByeT 
H "BHYTPHII Me30HHoH KOMnoHeHTw*l oTKYAa cneAyeT, 4TO 3C Bwnon
HReTCR AnR Ka*Aol:1 H3 KOMnOHeHT H3nY4eHHR: Me30HHol:1 H HYKnOH-
HOH - pa3AenbHO. MO*HO o*HAaTb, 4TO 3C AeHcTByeT H IIiIHyTpH" 
HYKnoHHoH KOMnoHeHTw, perynHpYR OTHoweHHe 4Hcna npOTOHOB H HeHT
pOHOB. 

TaK KaK cpeAH BTOPH4HWX 4aCTH~ OAHOBpeMeHHO HeCKonbKO MorYT 
H3nY4aTbCR B K30 ICM. PHc.3/, TO AnR KpaTKOCTH 6YAeM Ha3WBaTb 
HX k -4aCTH~aMH. Ha PHc.7 npeACTaBneHa 3aBHCHMOCTb cpeAHero 
4Hcna k -npOTOHOB <Ns> B C06WTHH OT nonHoro 4Hcna npOTOHOB Np ' 
H AnR cpaBHeHHR - 3aBHCHMOCTb 4Hcna npOTOHOB, H3nY4aeMWX Ha 
yron, 60nbWHH 3aAaHHoro, OT TOH *e MHo*eCTBeHHOCTH Np .06paUlaeT 
Ha ce6R BHHMaHHe CTporo nHHeHHaR CBR3b 4Hcna <Ns>C Np,TaKaR, 4TO 
npl1MepHO nonOBHHY I! I Bcex 6WCTPWX IT. e. C HMnynbcaMH PL 200 M3BI 
npOTOHOB COCTaBnR~T npOTOHW C Q p > 1. 

Ha pHc.8 npHseAeHa 3aBHcHMoCTb<N >OT MHo*eCTBeHHOCTH N"s 
H oopaTHaR 3aBHCHMOCTb <N" > OT 4Hcna Ns , nOAooHWe nOKa3aHHWM 
Ha pHC. 5 r H 4B. B3aHMHoe nOAaBneHHe k -HYKnoHHOI:1 H nHOHHOO 
KOMnOHeHT H3nY4eHHR Morno ow paCCMaTpHBaTbCR KaK npOCToe cneAcT
BHe paCCMOTpeHHWX BWwe 3aBH~HMoCTel:1 ICM. pHc.4,5,7/. OopaUlaeT 
Ha ceOR BHHMaHHe $opMa 3aBHCHMOCTH, nOKa3aHHaR Ha pHc.8, KOTO

*) 
3aBHCHMOCTb <N"o > OT <lHCna N~ ,o5paTHaR npHBegeHHOH:. eo-

BepweHHO aHaJIOf'H<lHa, H Mhl ee 3gecb onYCKaeM. 

7 



PHc.6. 3aBHCHMOCTb cpeAHeR 
OTMeTHM, 4TO CMeHa pe~HMa nHHeHHoro pOCTa MHo~eCTBeHHOCTH 

MHO~eCTBeHHOCTH SapH~eHHhlX nHO
<Nk>Ha y6~BaHHe /PHc.96/ n,poHCXOAHT npH 3Ha4eHHRX Np > 6, T.e.

HOB OT qHCUa HeRTpanbHbm nHOHOB. 
npeB~wa~HX BenH4HHy<Np >max "'5,2 /pHc.2a/. Iota PHc.9B cneAyeT,<~t· • 4TO npH 60nbWHX MHo~eCTBeHHOCTRX HanY4aeM~X nHOHOB / N"o > 3, 
4TO COOTBeTcTByeT N">9 Ha pHc.9a/ OKaa~BaDTCR cy~ecTBeHH~MH 
HeKHe 

PHc.7. 3aBHCHMOCTH CpeAHeR MHO- J <Ns> 
~eCTBeHHOCTH k -npOTOHOB: a - 3l.S "" 

• 
• C napaMeTpOM Q p > 0,8 (e) t > 1 ,IQp 

(0) H Qp > I ,2 (x \ 6 - C yrnaMH

+ . 	 0
HsnyqeHHH Op > 60 (e), • fJ p > 90 
(0) H Op > 120° (x) OT qHCUa Bcexi I I I II' npOTOHOB B 	C06~THH. 2 

0 a 4 NnG 

<NpI 

<Ns>~ a:fa 	 i 
6 

&i 1/1/Y 
4 

fd ,,//V 

4i / ....................~...... 2./ rr' 

Z1 ./ .r"'........ 


/',/ .......r'". _.r"':..------~ 
2 4 6 8 10 Til Np 

... 
o 	

/ 
/1 

/ 

t/ I 
i/
/ 

./ 

)/ t 

AononHHTenbHwe ~aKTop~ • 

a.~ 
\ <~)IO--o_,O

\ 3i ...... , ~ 
 6

" 
'0',9 1 

" T2 "\---- t 
"'-°'0 l 

'Q~--l '1'1 
,o 2 4o 2 4 6 8 Nn 	 .... 

,/ PHc.8. 3aBHCHMOCTb cpeAHeH MHo~eCTBeHHOCTH k -npOTOHOB 
OT qHCna nHOHOB B C06~THH tal H 06paTHaH saBHCHMOCTb /6/ •

./ t~/V 
./%:::~ ._...-l-v;-.f <~~j a <NlC ~ 	 <NK>. B 

O.~..-..-..--.----	 0.2 
2 4 6 8 to Np 

Vt/t 	 /,
? /(y ~\

paR nOAo6Ha npeAcTaBneHHoH Ha p~c.5r ~ cB~AeTenbcTByeT 0 ~eCT t 
KOH CBRa~ 3MHCC~H k -HYKnoHoB C 3M~cc~eH Bcex OCTanbH~X HYKno ~1 q//? i, i\t
HOB. 3TOT nocneAHHH B~BOA RBnReTCR 06~HM cneACTB~eM PHc.7 ~ 8. l /, Qt1 

t 

Ha p~c.9 npeACTaBneHa aaB~cHMoCTb<Nk>OT cpeAHero 4~cna "0  ( 	 ''t 0.2 
;' IMeaOHOB C Q" > 0,3 OT 4Hcna BTOP~4H~X 4aCT~~ paan~4Horo copTa. 	 I D 

06paTHM BHHMaH~e Ha aHanorH4HOCTb aaB~c~MocTeH, npHBeAeHH~X 	 tI 

Ha pHc.7a H 9a, KOTop~e BMeCTe co CBOHCTBaM~ nOAo6HR paCCMOT	 f 

I I ... 0peHHWX Bwwe aaBHCHMOCTeH ~ KoppenR~~H MorYT 6~Tb npeACTaBneHW 
KaK npORBneHHe eAHHCTBa MexaHHaMOB HanY4eHHR k-4aCT~~, Heaa 2 4 6 Nrr 0 2 4 6 8 Np 2 4 Nno 
BHCHMO OT HX copTa. CpaBHHBaR pHc.8 ~ 96, HeTPYAHO aaMeTHTb 

H paanH4He, COCTOR~ee B TOM, 4TO BepORTHOCTb ~anY4eHHR k-nHO


PHc.9. 3aBHCHMOCTH cpeAHeH MHo~eCTBeHHOCTH k -nHOHOBHOB nponop~HOHanbHa 4~cny KaK BTOPH4H~X HYKnOHOB, TaK ~ Me30
OT qHCna: a - Bcex nHoHoB; 6 - Bcex npoToHoB; B - HeHT-HOB, B TO BpeMR KaK 3M~CCHR k-HYKnOHOB - TonbKO 4~cny BTOPH4
panbHbm nHOHOB.HWX HYKnOHOB. 
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flHHe~H~e aaBHCHMOCTH, npeACTaBneHH~e Ha pHc.7,9, MOrnH fi~ 
HHTepnpeTHpOBaTbCR AnR npO~eCCOB HanY4eHHR B K30 KaK npORBneHHe 
(flnYKTyaI.\HH KaKOrO-TO OCHOBHOrO npo~ecca, paaB~BalOlllerOCR npH 
BaaHMOAe~CTBHH penRTHBHCTCKOH 4aCTHI.\~ C RAPOM 10~eCnH fi~ TaKOMY 
npeACTaeneHHO He npOTHaope4Hn a~aOA. CAenaHH~~ a~we /a caRaH 
C ofiCY*AeHHeM AaHH~X. npeACTaaneHH~X Ha pHc.1/. a HMeHHO: npo
~ecc HanY4eHHR B K30 - 3TO OCHoaHO~ np0l.\eCC /a He IxaOCT", 
COOTBeTCTaYO~HH CTaTHCTH4eCKHM ~nYKTyaI.\HRM a pacnpeAeneHHRX/, 
onHc~aaO~HH OCHOBHO~ npol.\ecc. B Ka4eCTBe npHMepa MOAenH, HCnonb
ayo~e~ ~nYKTya~HOHHYO rHnoTeay, MO*HO YKaaaTb Ha MOAenb npeApaB
HoaeCHoro pacnaAa/ll l. 

Ha pHc.7.9 cneAyeT. 4TO B nonHOH a~fiopKe 4aCTHI.\ AaHHoro copTa 
/npOTOHOB HnH 17

0 -MeaOHoa/ k -4aCTHI.\~ COCTaBJlflOT nOCTO.AHHYO 
Aono, AnR npOTOHOB OHa HaCTOJlbKO aeJlHKa. 4TO HCKJl04aeTCR Boa
MO*HOCTb MexaHHaMa CTaTHCTH4eCKHX ~nYKTya~HH AJlR H3nY4eH~R 

B K30. 
~ccneAOBaHHH KoppenR~HH H3JlY4aeM~X 4aCT~~ a8TopaMH /12/ 

6~n CAenaH cneAYO~HH 8b180A: "PO*AeHHe KYMYJllOlTH8HOro nHOHa *) 

He CBRaaHO /T.e. He Mo*eT 6~Tb ofiycnoBneHO~)/ C TpHaHaJlbH~M 
~aKTopOM YBenH4eHHR 06~eH MHo*eCTBeHHOCTH nHOH08 B aaAHeH nony
cq,epe ll 

• 

3a8HCHMOCTH, npH8eAeHH~e Ha pHc.9. Mo*eT nOKa3aTbCR, npOTH
Bope4aT 3TOMY B~80AY. AJlR npaBHnbHO~ HHTepnpeTa~HH PHc.7.9 He
ofixOAHMO HX conocTaBHTb C PHc.2.3. nORCHHM 3TO Ha npHMepe pHc.7. 
B OfiJlaCT~ Qs <1,4 oT60p C06~THH C B03pacTao~eH MHo*eCTBeHHOCTbO 
Np , 04eBHAHO, COOT8eTcTByeT B~60py COfiblTHH C 80apacTao~e~ *e 
/XOTR. 5~Tb Mo*eT, H He nponop~HOHanbHO 4HCJlY Np / MHo*eCT8eH
HOCTbO Bcex HYKnOH08. npH AanbHeHweM YBenH4eHHH napaMeTpa Qs 
cpeAHRR MHo*eCT8eHHOCTb HYKJlOHOB OCTaeTC.A nOCTO.AHHO~ BeJlH4HHO~. 

nHHe~H~e 3aBHCHMOCTH /pHc.7/ He 06HapY*H8aOT HHKaK~X ocofieH
HOCTe~. KOTop~e MO*HO 6bmo O*HAaTb np~ MHo*eCT8eHHOCTRX Np "" 5, 
cooT8eTcTByo~HX 3Ha4eHHRM napaMeTp08 Qs >1.5 /CM. pHc.2/, 3a 
HCKn04eHHeM yrJlOB~X aaBHCHMOCTe~ /pHc.7fi/ HY~'OHOB. 8~neTe8WHX 
8 06naCTb 0 > 120 0 • B KOTOp~X ofiHapY*H8aeTcR H3JlOM 8 MOHOTOHHO~ 
~YHKI.\HH no nepeMeHHOH Np npH Np= 5. An.A APyrHx OfiJlaCTe~ 
yrn08 3MHCCHH JlHHeHHOCTb coxpaHReTCR 80 8ceM AHanaaOHe MHo*eCT
8eHHOCTeH Np • KaK 6YAeT nOKa3aHO- 8 AanbHe~wHX HawHX HCCJleAO
8aHHRX, OfiJlaCTb 0 > 120 0 B~AeJleHa KaK no AHHaMHKe HanY4eHHR, 
TaK H no KHHeMaTH4eCKHM napaMeTpaM 4aCTHI.\, 8 Hee nona8WHX. 
flHHe~HOCTb aaBHCHMOCTeH,npeACTaBJleHH~X Ha pHc.7 H 9. - 3TO OT
pa*eHHe *eCTKOCTH CBR3H H30TonH4eCKoro COCTa8a HanY4eHHR k 
4aCTHI.\ C H30TonH4eCKHM ~OCTa80M 8TOPH4H~X 4acTHU.B caMOM AeJle, 
npH Np ?:: 6 MO*HO O*HAaTb, Ha OCH08aHHH aa8HCHMOCTH, npHBeAeHHO~ 
Ha pHc.2, 4TO C Y8eJlH4eHHeM Np MeHReTCR. rna8H~M ofipaaoM, Hao
TonH4eCKHH COCTaB fiaPHoHHo~ KOMnOHeHTbl H3JlY4eHHR, a He MHo*eCT

*) B AaHHOM CJlyt:lae IIHOHbJ C IIapaMeTpOM Q > 0,4. 
~) 17 

llpHMet:laHHe B cKo6Kax Hame. 
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8eHHOCTb Bcex BTOPH4H~X HYKJlOH08. AHanorH4Hoe coo6pa*eHHe MO*HO 
npHBecTH H 0 TO~ 4aCTH HYKnoHoB, KOTop~e nonaAaOT 8 K30, KaK cne-
AyeT H3 pHc.3 H 7. ' 

B OTJlH4He OT 3MHCCHH HYKnOH08 8 K30. AJllOl KOTOp~X BepORTHOCTb 
ee YMeHbwaeTCR C YBeJlH4eHHeM 4HCJla nHOH08 8 C06~THH. /PHc.8/, 
8epORTHOCTb H3JlY4eHHR k-nHOH08 npRMO nponop~HOHaJlbHa 4Hcny 
BTOPH4H~X 4aCTHI.\ C pa3H~MH KBaHTOB~MH 4HCJlaMH AnR He cnHWKOM 
60JlbWHX MHo*eCT8eHHOCTeH nOCJleAHHX /pHc.9/, npH4eM AeCTpYKTH8
H~e KOppenRI.\HH, npORBJlRO~HeCR ao 8aaHMHOM nOAaBJleHHH H3nY4eHH~ 
4aCTH~ paaHoro copTa /npOTOHOB, HeHTpanbH~X H aapR*eHH~x nHOHOB/ 
B pacnpeAeneHHRx no MHo*eCTBeHHOCTRM /pHc.4+6/, He 8nHROT Ha 
JlHHeHHOCTb 3a8HCHMOCTH, nOKaaaHHOH Ha pHc.9. TOJlbKO AnR 60nbwHx 
MHo*ecT8eHHocTe~ BTOPH4H~X 4acTHI.\, 06p~3YO~HXCR 8fiJlHaH rpaHH~~ 
~aa080ro 06DeMa, 06HapY*H8aoTcR AecTpYKTH8H~e An.A np0l.\ecca H3
JlY4eHHR 8 K30 3~eKTbl. H3 cpaBHeHHR 3aBHcHMocTe~; npeACTaeneH
H~X Ha PHc.9a H 96, cneAyeT, 4TO HeynpyrHe 3apRAoBo-ofiMeHH~e 
BaaHMoAeHcTBH~ HrpaOT cy~eCTBeHHYO ponb B ~pMHp08aHHH HaJlY4e
HHR He~TpaJlb H~X k -nHOHOB. TaKHM BaaHMOAe~CTBHeM, B 4aCTHOCTH, 
MOlKeT 6~Tb pea K~HR nepeaapRAKH 17± -> 17 0 Ha HYKJlOHaX RApa npH B~
XOAe pO*AaO~HxCR nHOHOB H3 RApa. 

HccneAyeM~e KoppeJlR~HH MO*HO YCJlOBHO pa3AeJlHTb Ha 3HepreTH
4eCKHe H H30TonH4eCKHe 8 COOTBeTCT8HH C TeM, KaKOH H3 3aKOHOB 
coxpaHeHHR - 3HeprHH HJlH 3JleKTpH4eCKoro 3ap.AAa - onpeAenReT 
Ha6nOAaeM~H 3~eKT. B~we fi~n paCCMOTpeH P.AA HaOTonH4eCKHX 3~
~eKT08, KOTop~e npOR8n.AOTCR npeHMy~ecT8eHHO npH MHOlKeCTBeHHO
CTRX npOTOH08 Np,npeB~waO~HX BeJlH4HHy<Np >max= 5-,2 /CM.PHc.2a/. 

B npeAnOJlo*eHHH peaoHaHcHo~ npHpOA~ MaKCHMYMa, Ha6nOAaeMoro 
8 3a8HCHMOCTRX, npeACTaBJleHH~X Ha PHc.48, MO*HO c~opMynHPoBaTb 
CJleAyo~ee npOCToe 3aKJl04eHHe: npH Np =2+3 KHHeMaTHKa np0l.\eCca 
onTHManbHa AJlR 06pa308aHHR peaOHaHca /HJlH pe30HaHcoB/ C nocne
AyO~HM ero pacnaAOM. OTMeTHM COBnaAeHHe 8eJlH4HH~ <Np > max-=- 3,2 
/PHc.26/ C nono*eHHeM MaKCHMYMa, nOKa3aHHoro Ha pHc.48. Cornac
HO aaBHCHMOCTRM, npeACTaBJleHH~M Ha pHc.2a, MHOlKeCTBeHHOCTH 
<Np>=2+3 Ha6JlOAaiOTCR B C06~THRX C napaMeTpoMQs= 0,9+1. npH 
3THX aHa4eHHRX napaMeTpa Q s 8 pacnpeAeneHHRX Ha pHc.1npHcYTcT
ByeT ocofieHHOCTb THna "nne4011 AnR Nco6 (Qs ). H3 ~PM~ pacnpe
AeneHH~, npHBeAeHH~X Ha pHc.1, BHAHO, 4TO OHH MoryT fi~Tb npeA
CTaBJleH~ CYMMOH A8YX pacnpeAeneHH~ nyaccoH08CKoro THna C MaK
CHMYMaMH npH Q s = 0,9 H Qs = 1,2. TaKHM 06pa30M, OTMe4eHH~e 
Ha pHc.1 H 48 oc06eHHoCTH C8RaaH~ Me*AY COfiOH H HMeOT 06~ee 
npoHcxo*AeHHe. HaJlo*eHHoe MOlKHO c~opMyJlHpOBaTb 8 BHAe CJleAYO
~ero 8~BOAa: no cpa8HeHHO C 3MHCCHeH B K30 HYKnOHa H3nY4eHHe 
k -nHOHa '- 3TO Hepa3BHBWHHCR, 060p8a8wHHcR no npH4HHe pacnaAa 
pe30HaHca, npo~ecc. 

AJlbTepHaTHBHoe npeAnono*eHHe 0 npRMOM norno~eHHH nHOHOB na
paMH HYKnOH08 B RApe ycneWHo HcnonbayeTcR 8 TeopeTH4eCKHX pac-
4eTax/13/pOlKAeHHR 4aCTHI.\ 8 K30. OAHaKO, KaK nOKaaaHO B pa60
Tax/14,ln{pe3ynbTaT~ KOppeJlR~HOHHWX 3KcnepHMeHTOB, a KOTOP~X pe

n 
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rHCTpHpOBanHCb ABa npOTOHa, B~neTa~~HX - OAHH Ha 60nbWOH yron, 
a APyroH C Man~M yrnoM OTHocHTenbHO nepBH4HOH 4aCTH~~. He MorYT 
6~Tb 06bRCHeH~ B paMKax MexaHH3Ma napHoro norno~eHHR nHOHOB. I 
CornaCHe C 3KcnepHMeHTanbH~M~ AaHHWMH, nonY4eHHoe B pac4eTax 13; 
nO-BHAHMOMY, 06bRcHReTCR TeM, 4TO ynOMRHYT~H Tpex4aCTH4H~H npo
~ecc HMHTHpyeT APyroH npo~ecc - C pO*AeHHeM H306ap~ B npoMe*y
T04HOM COCTORHHH, KOTOPWH HrpaeT Ba*HY~ ponb npH H3nY4eHHH 
4aCTH~ B K30 III B pa60Te/1S1 nOKa3aHO, 4TO KoppenR~HI1/141TaK*e 
06bRCHR~TCR npH Y4eTe 11306ap~ BO BHYTPHRAepHOM KacKaAe. 

§3. 06CYlAEHHE PE3ynbTATOB 

C(j)opMynl1PyeM HeKOTop~e B~BOA~ Ha OCHOBe paCCMOTpeHHOH I1H(j)OP
MaUHH, KOTOPOH, KOHe4HO, e~e HeAOCTaT04HO AnR OAH03Ha4H~X 3a
Kn~4eHHH 0 MeXaHH3Me npo~ecca. B~we 6~no OTMe4eHO CBOHCTBO no
A06HR, npORBnR~eeCR BO Bcex npeACTaBneHH~X 3aBI1CHMOCTRX npH 
3aMeHe napaMeTpOB 

...... Qk /C y'~eToM CABl1ra AQ :: 1/.Q s /4/ 

CBOHCTBO nOA0611R 3HepreTI14eCKI1X cneKTpOB pa3nH4H~X 4aCTI1U, 
H3nY4aeM~X RAPOM, 113BeCTHO AaBHO 117<Cne~HanbHo AnR 06nacTI1 K30 
OHO H3BeCTHO KaK npORBneHHe TaK Ha3~BaeMoro "RAepHoro CKeHnI1H
rail/18/.Hawe HccneAOBaHl1e pacnpOCTpaHReT ero Ha 60nee Wl1pOKI1H 
Knacc xapaKTepl1CTI1K. 

E~e OAHa CHMMeTpl1R Ha6n~AaeTcR B C06~THRX C H3nY4eHI1eM "0 _ 
Me30HOB B K30: 3Ta CHMMeTPHR npORBnReTCR npH 3aMeHe napaMeTpOB 
cornaCHO ycnOBI1~ /4/ KaK CBOHCTBO nOA06HR, Ha6n~Aa~~eecR B 3aBI1
CHMOCTRX: 

<Np >(Q B) t--> <N"o>(Qk) 11 <N" >(Qs) --.. <Nrrt >(Q k ). /5/ 

(j)YHK~HOHanbHY~ 3aBI1CI1MOCTb MHolllecTBeHHOCTI1 <Np >(Qs ) /CM. 
PHc.2/, KaK Mo*eT nOKa3aTbCR Ha nepB~H B3rnRA, eCTeCTBeHHO I1H
TepnpeTl1pOBaTb B paMKax KnaCTepH~x MOAeneH: C YBenl14eHI1eM napa
MeTpa Qs oT6I1pa~TCR C06~TI1R C YMeHbWa~I1MCR npHuenbH~M napa
MeTpoM YAapa nepBH4HoH 4aCTI1~~ 0 KnaCTep B RApe, H npl1 Q > 1,5s 
pean113Y~TCR TonbKO ~eHTpanbH~e cTonKHOBeHI1R, pa3pywa~~l1e KnaCTep. 

B paMKax KnaCTepH~X MOAeneH, KaK 11 BCRKI1X APyrHx, npeACTaB
neHHwe ,AaHHbie C03Aa~T PRA orpaHH4eHI1H Ha B03MOlllH~H MeXaHI13M 
npo~ecca. npe*Ae Bcero 06pa~aeT Ha ce6R BHHMaHHe AOBonbHO B~
COKaR MHo*eCTBeHHOCTb BTOPI14H~X HYKnOHOB B K30. CpaBHHM ee 
C npeACKa3aHI1RMI1 HeKOTOp~X Hal160nee nonynRpH~x MOAeneH, KaK 
nOKa3aHO B pa60Tax!19.20{AnR 06bRcHeHHR 3KcnepHMeHTanbH~X AaHH~X 
no j,j3nY4eHI1~ B K30 4aCTI~~ C I1MnynbcoM p ::: 1 r3B B MexaHH3Me nepe
pacceRHHH AOCTaT04HO 3+4 "*ec'rKI1X", T.e. MHHHManbHO He06xoAH
Moro no KHHeMaTI1Ke 4I1cna,nepepacceRHHH. HCTHHHoe 4Hcno nepepac
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ceRHHH TonbKO AnR nerKHX RAep no He06xOAHMOCTH 6nH3Ko K 3TOMY 

4Hcny, a AnR cpeAHl1x H, TeM Bonee. TR*en~x - OHO HaMHoro 60nbwe. 

B pa60Te /21<B KOTOPOH BnepB~e 6~no 06Hapy*eHO I1cnycKaHHe 6aPHO

HOB H3 RApa B K30, AnR 06bRCHeHHR 3~eKTa npeAnaranOCb cy~ecT


BOBaHHe "peAlIIeOHa" C MaCCOH a -4aCTH~~. B napTOHH~X MOAenRX 

Macca "CTPYH napTOHOB" 1221 HnH "MeWKa" C napTOHaMH I 231 TaKlIIe OKa
3~BanaCb paBHOH 4eT~peM ~accaM HYKnoHa. B MOAenH KoppenHpoBaHH~X 


ManOHYKnOHH~X KnaCTepOB 24~B KOTOPOH B~neT 4aCTI1~~ B K30 06ycnoB

neH pa3pyweHI1eM KoppenR~I1H, cpeAH.1R Macca KnaCTepa, eCTeCTBeH

HO, Aallle HeCKonbKO MeHbwe yKa3aHHoH. Y4eT B3aHMOAeHCTBHR B KOHe4
HOM COCTORHHH 4aCTI1~, B~neTa~~HX H3 RApa, He Mo*eT npl1BeCTI1 

K CTonb B~COKOH MHOllleCTBeHHOCTH BTOPI14H~X 4aCTI1~, KaK Ha6n~


AaeTCR B 3KcnepHMeHTe, B MOAenRX C KOMnaKTH~M KnaCTepoM. TOT 

(j)aKT, 4TO 4Hcno H3nY4eH'H~x nHOHOB YMeHbwaeTcR B K30 nO napaMeT

pY~ ,B TO BpeMR KaK 4Hcno HYKnOHOB B03paCTaeT Ha nOPRAOK, TaK

lIIe C03AaeT TPYAHOCTH AnR MOAeneH C KnaCTepaMH, cy~eCTBY~HMH 


B RAPe'22-26I, nH60 06pa30BaBWHMHCR B npo~ecce B3aHMOAeHCTBHR 127-29< 


nOCTaT04HO 60nbwaR MHOllleCTBeHHocTb BTOPH4H~X HYKnOHOB Mo*eT 
6~Tb nonY4eHa TonbKO B paMKax MOAenH KBa3HKnaCTepa"'), B KOTOPOM 
HYKnOH~ pacnonOllleH~ Ha paCCTORHHRX, 6nH3KHx K CBOHM 06~4H~M 
B RApe 129/, 

MexaHH3M 3MHCCHH HyKnoHoB B K30 no KaKHM-TO npH4HHaM oKa3anCR 
60nee "npOCT~M", T.e. cBR3aH C pOCTOM TonbKO 4Hcna BTOPH4H~X 
HyKnoHoB, B TO BpeMR KaK 113nY4eHHe k -nI10HOB CBR3aHO C POCTOM 
MHOllleCTBeHHOCTI1 KaK HYKnOHOB, TaK 11 " -Me30HOB. Ecnl1 e~e CO
nOCTaBHTb 3TO C TeM, 4TO xapaKTepHCTI1KI1 pacnpeAeneHHH k -nI10HOB 
CABHHYT~ OTHOCHTenbHO COOTBeTCTBY~HX napaMeTpOB k-HYKnOHOB 
B CTOPOHY MeHbWI1X 3Ha4eHI1H Q. T.e. TaK *e, KaK H 3HepreTI14eCKHe 
cneKTp~ /17, 18/,TO HeTpYAHO npl1HTI1 K B~BOAY 0 BTOPH4HOCTH npo~ecca 
113nY4e~iHR Me30HOB B ABYXCTaAI1HHOM MeXaHI13Me npo~ecca. 6~CTp~e 
penRTI1BI1CTCKl1e Me30H~, B~neTa~l1e nOA Man~MI1 yrnaMl1, KaK YlIIe 
OTMe4anOCb, OTHOCRTCR K npOHI1Ka~~eH KOMnOHeHTe H3nY4eHI1R 11 po*
Aa~TCR npl1 B3al1MOAeHCTBI111 nepBI14HOH 4aCTI1~~ C oTAenbH~M HYKno
HOM RApa. KpOMe Toro, B 113Y4aeMOM npo~ecce Ha6n~Aa~TCR nI10H~, 
OTHOCR~l1eCR K "MeAneHHOH" KOMnOHeHTe 113nY4eHI1R. B paMKax npeA
CTaBneHI1R 0 ABYXCTaAI1HHOM MeXaHI13Me npl1 cpeAHI1X 3Heprl1RX Me30H~ 
nocneAHero Tl1na pOlllAa~TCR BO BTOPOH "MeAneHHOH" CTaAI1I1. CpaB
HI1BaR pl1c.8 11 96, 06paTI1M BHI1MaHl1e Ha nOATBeplllAa~y~ cAenaHH~H 
B~BOA aCI1MMeTpH~ nOBeAeHI1R KoppenR~I1H npl1 3aMeHe napaMeTpOB 
Q s - Qk • ConOCTaBnRR 3aBI1CI1MOCTI1, nOKa3aHH~e Ha Pl1c.4 11 96, 
HeTPYAHO CAenaTb B~BOA 0 TOM, 4TO ABYXCTaAI1HHOCTb MeXaHI13Ma 
npORBnReTCR I1MeHHO B 113nY4eHI111 k-nI10HOB, T.e. nI10HOB, I1CnYCKae
M~X Ha 60nbWI1e yrn~. 

"') ~eHOMeHOnOrHqeCKHH nogxog K onHcaHHW npo~ecca B MOgenH/291 

gonYCKaeT npOH3BonbHYW MHKpOAHHaMHKy npo~ecca H He CBfl3aH lIIeCT
KO C KnaCTepHoA HHTepnpeTa~eH ero MexaHH3Ma. 

13 

http:cpeAH.1R


lob OTMe4eHHOH sblwe aCHMMeTPHH KOppeJlAI.IHti CJleAyeT, 4TO XOTA 
HSJlY4eHHe nHOHOS RSnReTCR npOl.leCCOM, npoHssOAHblM OT 3MHCCHI1 
HYKJlOHOS, 06a npOl.leCca ssaHMOCSAsaHbI. CneAosaTenbHo, ASYXCTa
AHHHoe npeACTaBneHHe C paSAeneHHeM nOAnpol.leccos BO BpeMeHI1 
He OTpa*aeT HeKOTopblX cy~ecTBeHHblX CTpYKTYPHblX oc06eHHOCTeH 
npol.lecca. 50nee aAeKBaTHO npeACTaBneHI1e 0 ASYX OAHOBpeMeHHO 
paSSHsalO~HXCR~ 0AHOTHnHblX no MexaHHSMY nOAnpOl.leCCOB. 

B SaKJl104eHHe OTMe,THM, 4TO HHTepnpeTal.lHA HaWHX AaHHblX npeA
CTasnReTCA snonHe eCTeCTseHHOH B KapTHHe MHorOKpaTHbiX BsaHMO
AeHCTSHH 119,20/. PaC4eT no KaCKaAHOH MOAeJlH /301 AaeT cornacl1e 
C 06~HMJ-1 xapaKTepHCTHKaMI1 npOl.leCca, nOJlY4eHHblMI1 S HaCTOA~eM 
3KcnepHMeHTe. To, 4TO npH nepeXOAe S K30 peSKO BospaCTaeT 4HC
no STOPH4HblX HYKnOHOB, - ~aKT BnonHe TpHSl1anbHbI~ B 3TOH MOAenl1. 
MeHee TpHSHaneH ~aKT AOBonbHO 6b1CTpOrO, B I1HTepSane WHPHHOH 
AQ ~ 0,5 sa 1InoporoMIl K30, BblXOAa npol.lecca B pe*HM HaCbl~eHl1l1 
11 YMeHbmeHHl1 MHo*eCTBeHHOCTI1 HsnY4aeMbiX nI10HOB. HHa4e rOBOpl1, 
B paMKax MexaHHSMa nepepejCCeAHI1A npOl.leCC HSJlY4eHI1A HYKJlOHa 
B K30 HOCHT KBaSl1ynpyrHH XapaKTep. B OTnH4He OT BsaHMoAet1cTBI1A 
4acTHI.I, rAe npl1 cpeAHHx 3Heprl1AX /Eo - 1 r3B/ npOHCXOAI1T pesKHH 
noporoBblH POCT 4Hcna nHOHOB, B HSY4aeMOM npOl.leCce C BblXOAOM 
4aCTI11.1 B K30 peSKO paCTeT MHo*eCTBeHHOCTb TonbKO HYKnOHOB. no 
cpaBHeHHIO C 3MHCCHeH k -HYKnOHOB H3nY4eHHe k -nHOHOB - np0l.leCC 
cy~ecTBeHHO HeynpyrHC1, 13 KOTOpOM He06XOAHMOCTb nepeAa4H 3Heprl111 
HsnY4aeMbiM nHOHaM npHBOAHT K COKpa~eHI1IO l.Ien04KI1 nepepaCCeAHHv,
B 16b1CTPOH" CTaAHH. 

t!BYXCTaAHC1Hoe npeACTaBneHHe MexaHHSMa npOl.leCca B MexaHHSMe 
nepepacceAHHH COOTBeTcTByeT BbiAeneHHIO l.Ien04KI1 *eCTKHx nepepac
ceRHffH 

/20/ 
B Ka4eCTse OCHOBHoro nOAnpol.lecca. HMe~l1eCA 3KCnepl1

MeHT anb Hble AaHHble, BKJl104aA paHee ony6nHKoBaHHble 11 ~ nos BommT 
onpeAenHTb OCHOBHOH nepeHoc4HK 3HeprHH B l.Ien04Ke nepepaCCeAHI1H. 
npH cpeAHl1x 3HepFHAx - 3TO 06pasYIO~HHCA npH BsaHMoAeHcTBHH nep
BH4HOH 4acTHI.I~ HYKnoH oTAa4H s OCHOBHOM HnH Bos6Y*AeHHoM co
CTOAHHH. B o6nacTH BbiCOKHX 3Heprl1H Ha6JllOAaeMbie SaBHCI1MOCTH npH 
nOBblweHHoH MHo*ecTBeHHocTH Hsny4aeMbiX nHOHOB /CM. pHc.4,5/ MO
rYT HHTepnpeTHpoBaTbcA KaK npoABneHHe BapHaHTa MeXaHI1SMa, B KO
TOPOM nepepacceHBalOTcA nHOH HJlH nHOHHble peSOHaHCbI 131/ 
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3aKa3bl Ha ynoMXHYTble KHHrH MoryT 6b1Th uanpaaneHbl no anpecy: 
101000 1-!0CKBa, fnaBI10'1TaMT, n/H 79 

H3Jl8TenbCKHH OTllen 06'bellHHeHHOro HHCTHTYTa HJtepHbiX HccnellOBaHifl; 

flaBnHK T~ H AP• Pl-86-238 
KoppenH~HH BTOpH~HbiX ~aCTH~ B n-Xe-BSaHMOAeACTBHH, 
MHo~eCTBeHHOCTH BTOpH~HbiX ~aCTH~ 

npeACTaBneHbl pesynhTaTbl HCcne~OBaHHH BSaHMOAeACTBHH peng
THBHCTCKOA ~aCTH~ C TH~enb!M HAPOM KCeHOHa DpH 9HeprHH 
3,5 rsB/c C HSny~eHHeM BTOpHqHbJX qaCTH~ - DpOTOHOB H nHOHOB -
B O~naCTb, KHHeMaTHqecKH sanpe~eHHyro AUK BSaHMOAeACTBHH C OT
AenhHI>IM HyKnOHOM HApa.AHanHSHpyroTCH MHO~eCTBeHHOCTH BTOP~Hbm 
qacTH~. PesynhTaT~ aHanHsa noxas~~T, qTo npo~ecc HsnyqeHHH 
BTOpHqHbiX ~aCTH~ MO~eT 0~Th npeACTaBneH COCTOH~M H3 ABYX DOA
npo~eCCOB - OCHOBHOrO H AODOnHHTenbHOrO. 3MHCCHH 6~CTp~X 

HyKnOHOB DpH CpeAHHX SHeprHHX nepBHqHoA qaCTHUhl npOHCXOAHT 
B OCHOBHOM DOADPO~e~ce, a H3nyqeHHe DHOHOB - B AODOnHHTenhHOM, 

Pa6oTa s~nonHeHa B ITa6opaTopHH BbiCOKHX sHeprHA ORHH. 

Coo6UleHHe 06J.e.lllllleHHorO HHCTHT)'Ta JI,IJ,epH~X HCCneAOBaHHii. ).ly6Ha 1986 
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The results are presented on the study of interactions of 
relativistic particles with the heavy xenon nucleus at 
3.5 GeV/c energy when secondary particles(protons and pions) 
are emitted in the region kinematically forbidden for the one
nucleons interaction in the nucleus.The multiplicities of the 
secondary particles are analyzed.The results demonstrate that 
the process of emitting the secondary particles can be presen
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The emission of fast nucleons occurs in the basic subprocesses 
and the radiation of pions - in the additional one for mean 
energies of the primary particle. 
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