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1. BBE.QEHHE 

noa~WeHH~H ~HTepec K HCcneAOBaH~~M BSa~MOAeHCTB~H penRTH
B~CTCK~X ~Aep, KOTOp~H HaMe4aeTCR B HaCTOR~ee speMR, o6ycnOBneH 
nO~CKOM 3~eKTOB, npoTeKa~HX B 3KCTpeManbH~X ycnOBH~X. 0AHaKO 
3T~ TPYAHO 06Hapy~~aaeM~e ~BneHH~ He HCKn~4a~T, a Ha060pOT, 
npeAnonara~T AeTanbHOe HSy4eHHe OCHOBH~X xapaKTepHCTHK ~ApO
~AePH~X ssaHMOAeHCTB~H npH a~COKHX 3HeprH~x. War a 3TOM Ha
npaaneHHH - CHCTeMaTH4eCKHH H AeTanbH~H aHanH3 npo~eCCOB aA
POH-~AePH~X COYA3PeHHH npH COOTBeTCTBY~HX 31-ieprH~X. XoT~ 
B3aHMOAeHCTBH~ 3TOrO THna H3y4a~TC~ AaBHO H npH 04eHb B~COKHX 
3HeprH~X /KOCMH4eCKHe ny4H/, MeTOAH4eCKHe OC06eHHOCTH 3THX HC
cneAOBaHHH He nosaonR~T npoaecTH AeTanbHoro aHanH3a xapaKTe
PHCTHKH TaKHX npo~eCCOB . HccneAOBaHH~ Ha YCKOpHTen~x, KOTOp~e 
a nepay~ 04epeAb 6~nH HanpasneH~ Ha H3y4eHHe aKTa 3neMeHTap
Horo 83aHMOAeHCTBHR, TOnbKO 8 nocneAHee 8peM~ 6~nH HCn011b30-
BaH~ An~ np08CAeHH~ HeKOTOp~x 3KCnepHMeHT08 C ~enb~ CHCTeMa
TH4eCKOro H3y4eHH~ npo~eCC08 aApOH-~AepHOrO H ~ApO-~AePH~X 
CTOnKHOBeHHH. 

B HaCTOR~eH pa6oTe Ha OCH08e MeTOAHKH ny3~pbKOB~X KaMep 
HCCJ1eA08aHO nOA06He 8 pacnpeAeneHH~X no MHO~eCT8eHHOCTH BTO
PH4H~X 4aCTH~, o6pa3oaaHH~x npH B3aHMOAeHcT8H~x npoTOH08 c 
HMnynbCOM OT 2 AO 10 r3B/c C RApaMH yrnepOAa H TaHTana. 

2. METO.QHKA nOflY4EHHR 3KCnEPHMEHTAflbH~X .QAHH~X 

3KcnepHMeHTanbH~H MaTepHan nony4eH Ha OCHOBe AaHH~X BH3yanb
HO~ HAeHTH~HKa~HH TpeK08 Ha ~TOrpa~~X, nony4eHH~X Ha 2-MeTpo-
80~ nponaHoso~ ny3~PbK080H KaMepe flB3 OHRH 1 11 • B pa6o4eM o6De
Me KaMep~ 6~nH pa3Me~eH~ TPH nnaCTHHKH H3 TaHTana TOn~HHO~ 
0,8 MM, H KaMepa o6ny4anacb Ha CHHXPO~a30TpOHe fla6opaTOPHH 8~
COKHX 3HeprH~ 8 ny4Ke npOTOH08 C HMnynbCaMH 2,3; 4 , 2; 5,4 H 
9,9 r3B/c. 6~nH OT06paH~ 7821 B3aHMOAe~CTBHe B nponaHe H 4183 
C06~TH~ Ha TaHTan080H MHWCHH. 

HanH4He MarHHT HOrO nonA npH o6ny4CHHH KaMep~ H HH~OpMa~H~ 
06 HOHH3a~HOHHOA CnOC06HOCTH 4aCTH~ n03BOnHJ1H pa3AenHTb HX Ha 
cneAY~He rpynnbl: 

a/ OTPH~aTeJ1bH~e 4aCTH~~. B OCHOBHOM " -Me30H~j 
6/ MeAneHH~e nOnO~HTeflbH~e 4aCTH~bl C nOBbiWeHHO~ HOHH3a~HeH 

H c HMnynbCOM MeHbwe 700 H3B/c (PMeA ); 
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B/ penRTHBHCTCKHe nonO*HTenbH~e 4aCTHU~, B OCHOBHOM npoTO
H~ c HMnynbCOM 6onbwe 700 H3B/c (Pp~l) H 

r/ HAeHTH$HUHPOBaHH~e "+ -Me30H~ C HMnynbCOM MeHbWe 

700 H3B/c . 
OpHMecb OTPHuaTenbH~x cTpaHH~x 4acTHu H 3neKTpQHOB He npe

e~waeT 3%, a T04HOCTb pa3AeneHHR nOnO*HTenbH~X 4aCTHU Ha TPH 
yKa3aHH~X THna 3aBHCHT OT HMnynbCa naAa~ero npOTOHa, HO He 
npee~waeT 10% npH 9,9 r3B/c. MeTOAH4eCKHe OC06eHHOCTH, CBR-
3aHH~e C o6pa60TKO~ C06~TH~ B3aHMOAe~CTBHR penRTHBHCTCKHX 
RAeP B nponaHOBO~ KaMepe, OnHCaH~ a1 1

1
. 

0ponaHOBOe HanonHeHHe KaMep~ H HanH4He TaHTanOBO~ MHWeHH 
npeAOCTaBnReT B03MO*HOCTb lo13y4aTb H cpaBHHBaTb 83aHMOAe~CTBHR 
npOTOHOB c nerKHMH H TR*en~MH RAPaMH. 0AHaKo B~AeneHHe co6~
TH~ B3aHMOAe~CTBHR npOTOHOB C yrnepOAOM B nponaHe HMeeT CBOH 
oco6eHHOCTH. ~cnonbaoeaHHaR npoueAypa B~4HTaHHR 12 ' xapaKTe
pHCTHK npOTOH-HYKnOHH~X 83aHMOAe~CTBH~, nony4eHH~X C nOMO~b~ 
APYrO~ 3KcnepHMeHTanbHOH MeTOAHKH, npHrOAHa TOnbKO AnR onpe
AeneHHR MHO*eCTBeHHOCTH BTOPH4H~x OTPHuaTenbH~x 4acTHu. TaK 
KaK B HaCTOR~eH pa6oTe paCCMaTpHBa~TCR Bee BTOpH4H~e 3apR*eH
H~e 4aCTHU~, TO co6~THR Ha yrnepOAe B~~enR~TCR Ha OCHOBe npo
uecca 

P + [ C 3H s ]... P + P + a i + ... • 
MeA MeA. /1/ 

rAe a 1 - " -. Ppe.11 • PMeA · 
Anfl cpaBHeHHR B3aHMOAeHCTBH~ Ha nerKOM lo1 TR*enOM l'IApax co-

6~THR Ha TaHTane Bbi6HpanHCb npH aHanorH4HOM ycnOBHH: 

p + Ta .... p + p + a 1 + .... 
Mell MeA 

/2/ 

3TO ycnOBHe B~Aenl'leT HeynpyrHe COyAapeHHA C OTHOCHTenbHO Ma
n~M npHuenbH~M napaMeTpQM, yMeHbWaA BKnaA nepH$epH4eCKHX COy
AapeHHH. KaK 6~no yKa3aHo a 131 ,aaeHCHMOCTb cpeAHHX MHO*eCTBeH
HOCTeH BTOPH4HbiX 4aCTHU OT 4HCna MeAneHH~X npOTOHOB n04TH He 
MeHI'IeTcR npH npMeA ~ 3. B HacTOR~eH pa6oTe aHanH3 AaHH~X ecer
Aa npoeoAHncl'l paaAenbHO AnR peaKUHH /1/ 1-1 /2/. B cny4ae cTa
TH CTH4eCKOH Hepa3nH4HMOCTH paCCMaTpHeaeMbiX xapaKTepHCTHK AaH
H~e npHBOARTCR COBMeCTHO. 

KaK H3BeCTHO, ycTaHoeneHHe noA06HR e pacnpeAeneHHH no MHO
•ecTBeHHOCTH CBOAHTCR K ycTaHOBneHH~ He3aBHCHMOCTH TOnOnOrH-
4eCKHX Ce4eHHH n -4aCTH4H~X HHKn~3HBH~X npoueccoB OT 3HeprHH, 
npeACKaaaHHOH Ko6a, HHnbceHoM H On~ceHOM 141 a ~pMe cooTHowe
HHR 

2 

o 0 (s) 
<o> -----

o In (s) 
-'I' (..!L). 
s ... 00 <n> /3/ 

AHanH3 AaHH~x no MHO*eCT BeHHOCTH ecex aapR*eHH~x BTopH4H~x 
4aCTHU, o6pa30BaHH~X B aApoH-aApOHH~X B3aHMOAeHCT8HRX, nOA
TBePA~n B~nonHeHHe 3TOH 3aBHCHMOCTH AnR 3HeprHH CBWWe 
so r3B/c 15~ 6~pac H AP ( 6 / ycTaHOBHnH, 4TO BBeAeHHe nepeMeHHO~ 

, n -a 
z =--

<o-a> 

npHBOAHT /3/ K npeACTaeneHH~ 

On , o-a <o-a>-- = '1' (-- ). 
o

10 
<n-a > 

/4/ 

/5/ 

KOTOpoe npORBnl'leT TOlKe CKeHnHHrOBble CBOHCTBa. BenH4HHa a 
RBnl'leTCJ'I napaMeTpOM, He 3aBHCR~HM OT 3HeprHH nepBH4HOH 4aCTH
U~, HO HMe~HM pa3H~e 3Ha4eHHJ'I AnR pa3H~X COpTOB BTOplo14H~X 

4acTHu . TaKaR MOAH¢MKauHI'I KHO-cKe~nHHra xopowo onHcbleaeT AaH
H~e no MHOlKeCTBeHHOCTH BCeX 3apJ'IliCeHHbiX 4aCTHU , o6pa30BaHH~X 

B aAPOH-aAPOHHbiX B3aHMOAeHCTBHJ'IX npH 3HeprHH E ~ 4 r3B H B 
npOTOH-l'IAePH~X peaKuHI'IX npH 6onbWHX 3HeprHJ'IX / 7/ 

rAe 

3KsHaaneHTHOe KHO-cKeHnHHry BblpaliCeHHe 

~-_ c .. const. 
<n> q 

( Q=2 • 3 •... ) • 

q 
D =\/ <(n-<o>)q>. 

q 

npH eeeAeHHH napaMeTpa a npeo6pa3yeTCA a 

Dq 
-___;~- = A q .. const. 
<n-aq> 

OapaMeTp a onpeAenAeTcR H3 annpoKcHMauHH 
AaHH~x nHHeHHOH 3aBHCHMOCTb~: 

Dq= Aq( <n >-aq). 

!61 

171 

/8/ 

3KCnepHMeHTanbHbiX 

/9/ 

TaKHM cnoco6oM a pa6oTe181 6~no noKaaaHo noAo6He a pacnpeAene
HHH no MHOlKeCTBeHHOCTH BTOPH4Hb1X OTpHuaTenbHbiX 4aCTHU, 06pa-
30BaHH~X npH eaaHMOAeHCTBHAX P , d , He H C c ~'~APaMH yrne
POAa H p , d H He c ~'~APaM.H TaHTana npH HMnynbce HaneTaiOUiero 
RAPa 4,2 r3B/c.HyKn. 

B HacTOR~eH pa6oTe 3TOT nOAXOA npHMeHReTcR An~'~ H3y4eHHR 
noAo6HR 8 pacnpeAeneHHJ'IX pa3Hb1X BHAOB BTOPH4Hb1X 4aCTHU, o6paso
BaHH~X B npoTOH-RAepH~X B3aHMOAeHCTBHRX npH HMnynbce OT 2 AO 
10 r3B/c. 
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PHC. 1 . 3a8HCHMOCTb Dq OT < n> 
AnR OTpH~aTenbH~X " -Me30H08, 
o6paso8aHH~x 8 peaK~HRX /1/ 
H /2/: --- - annpOKCHMa4HR 
nHHeHHOH 3a8H CHMOCTH. 

3. OOA06HE B PACOPEAEnEHHH 
BTOPH4HbiX 
OTPHUATEnbHbiX OHOHOB 

d ~ ~~ 
~~:t ~~ ' 

Ha pHc . 1 noKa3aH~ 3a8HCH
MOCTH ~0 3 H 0 4 OT CPeAHHX 
3Ha4eHHH MHO*eCT8eHHOCTH 8TO
pH4H~X "--Me30H09 , 06pa309aH-
~X 8 peaK~HRX /1/ H /2/. 
BHAHa xopowaR nHHeHHaR an
npoKcHMa~HR AnR 8Cex 9wwe
yKa3aHH~x D q H AnR A8YX 

0 0,2 

pp 
r aBle 

2,3 

4 ,2 

5,4 

9 ,9 

aq 

)(2 

{mF 

4 

Q~ 

. . 
A, 

c 
Ta 

c 
Ta 

c 
Ta 

c 

Ta 

o,, Qa 
<nr> 

<n 
rr 

tO 

> 

o, 15ti),02 

O, I6:t,0,02 

0, 46ti),03 

0,5210,03 

0, 611:10,03 

0 ,77'i:0,03 

1,2It0,07 

1,46:t_0,05 

\2 1,4 1.6 paccMaTPH8aeM~X peaK~HH. 

B Ta6n. 1 npeAcTaeneH~ 8enH-
4HH~ /6/ H /8/ AnR 3THX 

Ta611H~a 1 
. . 

D~<n~> D:r<n-a > 04 D~/<n> 
3 i'<n-a 4> 

2, 42iD,25 0,5"-SS ,04 0,28aD ,04 0,6!U0,06 

2,43i<),J1 0 ,5tjj),~ 0,27s0,04 0 , 64:t0 ,06 

1,35;t9,08 0 , 61:t.0,03 0,2~,03 0,6~,05 

1,241:0,07 0 ,60t0,03 0,2~,03 0, 6~,05 

1,05;t9,05 0 , 56~,03 0 ,33t0, 05 0,6at(),04 

1102:t,0,05 0,6~,03 0 ,30jp,03 0,66t.0 , 04 

0 ,8210,06 0,561.0,04 0 , 3119 ,03 0,67ti),06 

0 ,7619 ,04 0,55t,0,03 0 ,31ti),03 0,65.1(),04 

i-0 I 58i0 ,02 -1,4~,22 ..(). 82:!;0. 07 

2 ,23 2,55 1,111 

PHc.2. PacnpeAeneHHe /5/ 
C a"_ =- 0 , ] AnR 8TOPH4H~X 

OTPH4aT6nbH~X nHOH08, o6-
pa308aHH~X 8 peaK~HRX /1/ 
H /2/: ----- annpOKCH 
Ma~HR $yHK~HeH 8HAa /10/. 

npo~ecco8. TorAa KaK oT
HOWeHHe Dq / <n > 3Ha4H
TellbHO yMeHbWaeTCR, OTHO
WeHHe D q/<n-a> AnR pac
CMOTpeHH~x q = 2, 3, 4 oc
TaeTCR nOCTORHH~M 9 npeAe
nax CTaTHCTH4eCKHX OWH60K, 
4TO yKa3~9aeT Ha nOA06He 
8 pacnpeAeneHHRX 8TOPH4H~X 
"- -Me30H09 8 npeACTa9-

11eHHH /8/ 8 HHTep8ane HM
nyllbC08 HaneTa~Hx npoTo
H08 OT 2 AO 10 f3B/c, 
He3a 8HCHMO OT THna RAPa 
MHWeHH. 

......_ ·,., 
'--' 
;.. 

«l' 

li' 

·• 

0 • ur.a/c 
o • 4,2 r.e/c 
A • 5,4rt&lc 
v • 9,9 raelc 

(1) (I) 

() ~---~~--~~2--~~3~~~ 

z' • ( "r • o;')-{<n,-> • a.~ 

Ha PHC.2 npeACTa 8neHa 3a8HCHMOCTb /5/ AnR 8TOPH4H~X OTpH
~aTenb~aCTH~, o6pa308aHH~X 8 paCCMaTpH8ae~X CTOnKH08eHH
RX, C napaMeTpOM a •-0,7, nony4eHH~M Ha OCH08e ycpeAHeHHR CO 
CTaTHCTH4eCKHM 8ecoM Tpex nony4eHH~x aq . CnnowHOH nHHHeH no
KasaHa annpoKCHMa~HR $YHK~HH W'(z') 8 8HAe npeAno*eHHOH 8 pa-
6oTe 16 1: 

W '(z ')~ a(z'+ b)exp(-cz'- dz '2). /10/ 

nony4eHH~e 3Ha4eHHR AnR napaMeTpo8 a =4 , 15+0,34; b = O, 18+0,02; 
C = 0,83+0,09 H d = 0,41+0,03 npH )(2/NDF =l ,94 cpa9HHMbi-C no
ny4eHH~MH 8 /8/ npH annpOKCHMa~HH pacnpeAeneHHR 8TOPH4H~X OT 
pH~aT6nbH~X nHOH08 1 o6pa308aH~X 8 RApO-RAePH~X COyAapeHHRX 
npH 4,2 f3B/c. He60ilbWYIO pa3HH~Y 3Ha4eHHH:aa.H.=- 0,6, nony4eHHoe 
npH 3TOM pa CCMOTpeHHH 1 a pp = -0,5, CJ1eAY~ee H3 3a8HCHMOCTH 
Bpy6ne9cKoro 191 AllR pp -8saHMOAeHCT8HR 8 04eHb wHpoKOM 3Hepre
TH4eCKOM HHTep9ane, H aa.l!.=-0,7, nony4eHHOe 8 HaCTORIIIeH pa6o
Te, MO*HO paCCMaTpH8aTb KaK 9KnaA o6pa308aHHR "- -Me30H08 Ha 
HeHTPOHaX RApa-MHWeHH. 3TO yKa3~8aeT Ha eAHH~H , 8 OCH08HOM 
He3a 8HCHMbiH HYKilOH-HYKilOHH~H npo~ecc 06pa308aHHR OTpH~aTenbH~X 
nHOH09 8 paCCMaTpH8aeM~X npOTOH-RAePH~X COyAapeHHRX 9 HHTep-
8ane HMnynbC08 2+10 f3B/c. 
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4. noa06HE B PACnPEaEnEHHRX BTOPH4H~X nPOTOHOB 

~H3H4eCKHe OCHOBaHH~ nOHCKa nOAOCH~ B pacnpeAeneHH~X pa3-
nH4H~X THnOB BT0pH4H~X 4aCTH~ CB~3aH~ C MeXaHH3MOM HX o6pa30-
BaHH~. 0CHOBHa~ 4aCTb MeAneHH~X npOTOHOB, o6pa30BaHH~X B pac
CMaTpHeaeM~X npo~eccax, - pe3ynbTaT pa3eana ~Apa H "xeocTa" 
~PMH-HMnynbcoe HYKnOHOB-MHweHH H APYrHx npo~eccoe. Pen~TH
BHCTCKHe npOTOH~ B~6HT~ B aKTaX HeynpyrHX CTOnKHOBeHH~ naAa~
~ero aAPOHa c HyKnoHaMH ~Apa-MHWeHH . KoHe4HO, 4eTKoe pa3rpaHH-
4eHHe BTOPH4H~X 4aCTH~ nO MeXaHH3My HX o6pa30BaHHA TeCHO CB~-
3aHO C MeTOAH4eCKHMH oco6eHHOCT~MH 3KCnePHMeHTa, H pa3AeneHHe 
BTOpH4H~X npOTOHOB Ha 11MeAneHH~e" H 11pen~THBHCTCKHe11 , KaK H 
npHH~Ta~ rpaHH~a 700 M3B/c, ~BnAeTC~ ycnOBH~M. no3TOMy Bee 
AanbHeHwHe paccMoTpeHHA noA06H~ a pacnpeAeneHH~x 3THX 4aCTH~ 
HMe~T npeABapHTenbH~~ H Hnn~CTpaTHBH~~ XapaKTep . 

B Ta6n.2 npeACTaeneH~ KaK OTHOW6HH~ /6/ H /8/ An~ BTOpH4-
H~X pen~THBHCTCKHX nonO~HTenbH~X 4aCTH~, o6pa30BaHH~X B peaK
~H~X /1/ H /2/, TaK H caMH 3Ha4eHH~ aq• X2fNDF,nony46HH~e npH 
nHHe~HO~ annpOKCHMa~HH 3aBHCHMOCTb~ /9/. HAn~ 3Toro BHAa 
BTOPH4H~X 4aCTH~, BOnpeKH 3Ha4HT6nbHOMy H3MeHeHH~ OTHOWeHHA 
Dql < n>, OTHOWeHHe Dq/<n-a? (q=2,3,4) e npeAene CTaTHCTH-
4eCKHX OWH60K OCTaeTC~ nOCTO~HH~M. Ha pHC . 3 npeACTaeneHa 3a
BHCHMOCTb /5/ C a • - 1,0 H annpOKCHMa~H"R'3'TOro pacnpeAeneHH~ 
C ~yHK~He~ BHAa /10/, nony4eHH~e npH 3TOM napaMeTp~ HMe~T 
3Ha46HH~: a= 3,40+0,28; b= 0,21+0,02; C= 0,31+0,05 11 d = 
= 0,88+0,04 npH -x 2 / NDF=3,43.- -

B~nonHeHHe ycnoeH~ /1/ An~ ~AeneHH~ co~TH~ Ha yrnePOAe 
He n03BOnAeT paccMaTpHBaTb nOAo6He AnA BTOPH4H~X MeAneHH~X 

npoTOHOB PMeA. o6pa3oBaHH~X np11 coyAapeHHAX nepBH4HOro npo
TOHa c AAPaMH yrnepoAa. AnA 3Toro ~ paccMaTpHeaeM 3aBHCHMO
CTH MOMeHTOB pacnpeAeneHHA 3TI1X 4aCTH~ TOnbKO B peaK~HI1 /2/, 

B Ta6n.3 npeACTaeneH~ Te ~e OTHOWeHHA /6/ H /8/, a TaK~e 
napaMeTp~ nHH6HHOH annpOKCHMa~HH 3aBHCHMOCTb~ /9/. nocTOAHCT-
80 OTHOWeHHA /8/ nony4aeTCR npH nonO*HTenbH~X 3Ha4eHHAX napa
MeTpa a • AnR ycpeAH6HHOro 3Ha4eHHA a=+ 1,3 nocTpOeHa 3aBHcH
MOCTb /~/, noKa3aHHaR Ha pHc.4. AnnpoKCHMa~H~ c noMO~b~ ~yHK
UHH /10/ noKa3aHa WTPHXOBOH KPHBoHi ny4Wa~ annpOKCHMaUHR no
ny4aeTCR 3aBHCI1MOCTb~ THna 

IJI " ( z') = g exp (- f z' - h z' 2 ), /11 I 

noKa3aHHaA CnnOWHOH KPHBoH Ha pl1c.4. npH 3TOM nony4a~TCR 3Ha-
46HI1~ napaMeTpOB: g = 0 ,66+0, Os;-f= 0, 12+0, 04 H h = 0, 29+0, 05 
npH x 2/ NDF=1,59. - - -

6 

J 

' 

.P 

Ta6n11ua 2 

-
pp + > 02/ D21 Da; D4/ 

f aB l e 
A t <npeJt <n-a > <n-a > <n-a > <n> 2 3 4 

c 
2,3 

0,3619 ,02 1,6~,13 0,53;10,03 0,31(t0,05 0 , 64:t(),08 

Ta 0,4~,03 I,38t0,10 0,47±0,03 0,3U0,04 0,58;t0,06 

c 
4,2 

O,IH.t0,03 0 ,96.10,05 0 ,52~,03 0 ,35;10,04 0,66~,05 

Ts 1,2~,04 0,7~,06 0, 45i0,02 O,JQtO,OJ 0,56:t!> , 04 

c 
5,4 

1,22;t!>,04 0,88i!l,05 0 ,53to ,03 0,38ti>,05 O,oati) ,07 

Ts 1,34tD,04 0,77%0,05 0,55%0,04 0,3&t0,04 0,66;t0,05 

c 2,IEUO,II 0,7510 ,05 0,5510,04 0,37t0,05 0 , 68%0,04 
9,9 

Ts 3,07;t0,08 0,62ti>,03 0, 4Q;t0,03 0,37;t0,04 0,6!UO, 10 

aq -0, 80:t!> ,05 -I , 52ti), 9 I -0,94i0, IO 

x?NDF 
2,32 2,51 2,73 

-----·- -

5. 3AKI104EHHE 

TaKHM o6pa30M, aHanH3 pacnpeAeneHHH no MHO~ecTeeHHOCTH pa3-
nH4H~x THnOB BTOPH4H~X 4aCTH~, o6pa30BaHH~X npH CTOnKHOB6HHRX 
npOTOHOB C HMnynbCaMH OT 2 AO 10 r3B/c C AAPaMH yrnepOAa 
H TaHTana,AaeT B03MO*HOCTb ycTaHOBHTb H6KOTOp~e 06~e 3aKOHO
M6PHOCTH, He 3aBHCR~H6 OT aTOMHOrO BeCa AApa-MHW6HH H 3HeprHH 
83aHMOA6HCTBHR /e paCCMaTpHeaeMOM HHTepeane 11MnynbCOB/: 

- HM66TCR nHH6HHaR 3aBHCHMOCTb M6*AY MOMeHTaMH pacnpeAene
HHH Dq H CP6AH6H MHOIKeCTBeHHOCTH 4aCTHU <n > (q - 2,3,4); 

- yBenH46HH6 3HeprHH CTOnKHOB6HHA npHBOAHT K yeenH46HH~ 
CP6AH6H MHOIK6CTB6HH0CTH pa3nH4HWX BHAOB BTOPH4H~X 4aCTHU, 
H 3Ha4eHHe OTHOWeHHR D q/ <n > yMeHbWaeTcR. BeeAeHHe napaMeT-
pa a npHBOAHT K nOCTOAHCTBy OTHOW6HHA D qf <n -a q > , 4TO yKa-
3~BaeT Ha nOA06He B pacnpeAeneHHRX no MH0*6CTB6HHOCTH B HC
nOnb30BaHHOM npeACTaBneHHH; 
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Pl1c.3. PacnpeAeneHI1e /5/ 
C ape.JI =- 1,0 AJlR BTOPI14H~X 
penRTI1B11CTCKI1X npoToHoe, o6-
paaoaaHH~X a peaK~11Rx /1/ 
11 /2/: ---- - annpOKCI1Ma~I1R 
<I>YHK~11e.:i B11Aa /10/. 

- pacnpeAeJleHI1R 11 MOAI1$11-
~11POBaHHOrO KH0-cKe.:ini1Hra" 

an "'' { D-a ) <n-a> - = T --- AJlR 
a in < D -<1 > 

PO*AeHH~x oTpl1~aTellbH~x nl1o-
H08 11 BT0pi14H~X peJlRTI1811CT
CKI1X npOTOHOB annpOKCI1MI1py
~TCR 4eT~pexnapaMeTpl14eCKOH 

4>YHK~11eH /10/; MeAJleHHWe 
npoTOH~ , o6paaoeaHH~e a pTa
CTOJlKHOBeHI1RX, TO*e XOpOWO 
Oni1C~Ba~TCR 3a811CI1MOCTR MI1 
811Aa Ill/. 

Ta6nH~a 3 
--~~--~----~--~--~~--

IJ, • 
A, + I>z/<n> fiz!<n-ai> 0:3/<n-<Is> 04/. 

~-lc <DMell> <n-174 >' 

2,3 Te 3 ,0~ ,06 0 , 36t;I,02 0 , 82;t0, IO 0 ,68j!), 12 o , gEUO , IS 

4,2 Ta 4, 1~,08 0 ,47.±0,02 0,7~,08 0 , 64tD , IO O, I!It{) , 12 

5 ,4 Te 4 , g6i:O, IO 0 , 5<0:0,02 0,~,06 0 ,6~,08 o ,gS:tO,IO 

g,g Ts 5,581:0, 13 0 ,581:0,02 0' 82j:j) ,06 0,6~,08 o ,gB:tD, IO 

aq I ,68-ti),22 1,19-tQ, 45 1,24~,37 

x2 
/ NDF 

0, 70 1,28 1 , 51 
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,1) 

P11c.~. PacnpeAeneHI1e /5/ c 
a Me!l = + 1,3 AJlR BT0pi14H~X 
MeAJleHH~X npOTOHOB, o6pa-
30BaHH~X 8 peaK~1111 /2/; 

rJ' ..--r-----r--r---r--;r-.---.-.-,-~ 

- noArOHKa nOA <!>YHK
~11~ BHAa /10/; ---
annpOKCHMa~I1R 4>YHK~I1e~ B11Aa 
/11/. 

noKa TPYAHO 11HTepnpeTH
po8aTb BBOA11M~~ napaMeTp a, 
KaK 11 ero pa3Jl114H~e 3Ha4e
HI1R, nony4ae~e AJlR paaH~x 
BI1AOB BTOPI14H~X 4aCT114. 
6Jl113KI1e 3Ha4eHI1R napaMeT
poB a AJlR 8TOPI14H~X " -
MeaoHoe, o6paaoeaHH~x 
8 aAPOH-aAPOHH~X, npOTOH
RAePH~X H RAPO-RAePH~X 
B3ai1MOAe~CT811RX , yKa3~Ba~T 
Ha eA11HY~ npi1POAY 11X PO*
AeHHR, 8 OCH08HOM 8 aKTaX 
He3a811C11~X OAHOHyKJlOHH~X 

B3ai1MOAe~CT811H. 

id' 

::--
N 
'-' ;... 

fCi 
• 2.~ r>B /c 
• 4.2 -· -
• 5,. _ ,_ 
• 9.9 - ·-

0 

A aTop~ 8~Pa*a~T ceo~ rny6oKy~ 6naroAaPHOCTb B.r.rpHWI1HY aa 
11HTepec 11 noAAeP*KY B pa6oTe 11 y4aCTH11KaM COTPYAHI14eCT8a no 
H3y4eHI1~ MHO*eCTBeHH~X np04eCCOB 3a none3H~e 06CY*AeHI1R. 
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