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B HaCTOR~eH pa6oTe coo6~aeTcR o pesynbTaTax HccneAoBaHHR 
cneKTpOB npoTOHOB p ~ ; HCny~eHHbiX B 3aAHDIO nonyc~py B lT-C -
asaHMOAeKCTBHRX npH 5 f3B/c. OcHOBHOe BHHMaHHe YAenReTcR Hsy-
4eHHD pacnpeAeneHHH no yrny pasneTa Me*AY npoToHaMH. HeKoTo
pwe acneKTbl MOAeflbH0-3aBHCHMOrO aHanH3a KHHeMaTH4eCKHX cneKT
pOB npoTOHOB paccMoTpeHbl, HanpHMep a 11•71• AaHHaR pa6oTa ewrion
HeHa B pa3BHTHe npoBeAeHHOrO paHee17 I HCCfleAOBaHHR KOppenR!4HH 
no yrny pasneTa Me*AY npoToHaMH. 

3KcnepHMeHTanbHble AaHHble nony4eHbl npH o6pa6oTKe 12000 ABa*
Abl H3MepeHHbiX C06b1THH Heynpyroro B3aHMOAeHCTBHR OTPHL4aTeflbHbiX 
nHOHOB.C HMnynbCOM 5 f38/c C RApaMH yrnepOAa, saperHCTpHpoeaH
HbiX B MeTpoBOH nponaHOBOH nyswpbKOBOH KaMepe n~n OH~H. npH 
aHanH3e OTOOpanHCb npoTOHbl C HMnynbCOM 0, 18< P< 0,6 f38/c. 
B 2890 co6wTHRX Ha6ntOAanHcbP+.noApo6Ho MeTOAHKa oT6opa onHca
Ha B /S/ 

B np~AbiAY~eH pa6oTe 171 6wno noKa3aHo, 4TO a KacKaAHO-Hcna
PHTenbHOH MOAenH /KHM/ npOTOHbl HCnycKatOTCR B 3aAHIOIO nonyc¢epy 
sa C4eT Tpex MeXaHH3MOB: a/ norno~eHHR MeAfleHHOrO ITI-Me30Ha 
KOppenHpOBaHHOH napoH HYKflOHOB RAPa * ; 6/ nepepacceRHHR Ha 
BHYTPHRAePHbiX HYKflOHax; B/ pasaana B036Y*AeHHOrO RApa-OCTaTKa. 
B cny4ae MexaHH3Ma nepepacceRHHR ao asaHMOAeHCTBHH nocneAoaa
TenbHO y4aCTBYIOT MHHHMaflbHO ABa HYKnOHa, a B cny4ae MeXaHH3Ma 
norno~eHHR - TPH HYKflOHa /Ha OAHOM HYKflOHe PO*AaeTCR MeAfleH
HbiH "-Me soH, a Ha ABYX APYrHx npoHCXOAHT norno~eHHe/. 6brno 
nOKa3aHO, 4TO BKnaA 3THX MeXaHH3MOB pa3nH4eH B pa3Hb1X KHHeMa
TH4eCKHX o6nacTRX. Pac4eTw no KHM YAOBneTBOPHTenbHO aocnpoHs
BOART HMnynbCHbiH cneKTP P + . 

B AaHHOH pa6oTe H3y4anacb peaKL4HR 

"- + C .... nP + + mP + X (n, m ;::0. /1/ 

6wnH HccneAOBaHw pacnpeAeneHHR no yrny paaneTa Me*AY npo
TOHoM, BblfleTeBWHM B 3aAHIOD nonyc¢epy B n.C.K., H APYrHM npOTO
HOM P /nepe6opKa wna no aceM P+ H P /, pa3HOCTb aenH4HH /no 
a6conDTHOMy 3Ha4eHHD/ HMnynbCOB KOTOpbiX ne*ana B HHTepaane 

* norno~eHHe " -Me30HOB _a KHM aano*eHo Ha ocHoae AaHHbiX 11d -
aaaHMOAe.:icTBHR /eM. noAp06Hee pa6oTy: B.C.6apaweHKoa, K.K.ry
AHMa, B.A. ToHeea. OH~H, P2-4065, Ay6Ha, 1968/. 
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PHc.1. PacnpeAeneHHH AnH npoToHoB 
C HMilYJlbCaMH, nexca~MH B HHTepaane 
0, 18_sP_s 0,6 r3B/c, no YI'JIY pasneTa 
MexcAyP+H OCTaJibHhlMH npOTOHaMH B 
peaKQHH /1/. ToqxaMH o6osaaqemw 
3KcnepHMeHTaJibmwe saaqeHHH. Cnnom
HaH I'HCTOI'paMMa - pacqeT no KHM, 
HOpMHpOBaH~ Ha 3KCnepHMeHT no 
nJIO~aAH I'HCTOI'pa~. llyHKTHp - BKJiaA 
C06b1THH, I'Ae He 6bJJlO nOI'JlO~eHHH 7T -

Me30HOB; TOqKH - BKJlaA npOTOHOB, 
HCn~eamwx a pesynbTaTe pasaana 
B036YEA8HHOI'O HApa-oCTaTKa, 

0_5JL\PJ~0,06 r3B/c. 11HTepaan L\P 6b111 
aw6paH TaKHM, 4T06bl yMeHbWHTb ao3-
MOlKHble KOppellR~HH MelKAY 11HCnapHTenb-
HbiMH11 /MeAJleHHbiMl-1/ H KaCKaAHbiMH 
/6~CTpbiMI-t npOTOHaM~-t/. 

Ha p~-tc.1 "'2 npeACTaaneHbl cneKTPbl yrnoa pa3neTa npoToHoa 
H pac4~o KHM. 113 p~-tcyHKoa aHAHO, 4TO HaKnOHbl pacnpeAene
HH~, nony4eHHbiX c noMO~b~ KHM AJ1R acex co6biTH~ .H co6wT~-t~ 6e3 
norno~eHHR rr -Me3oHa, pa311H4Hbl. BK11aA MexaHH3Ma c norno~eHHeM 
nHOHa yaenH4~-taaeTCR C pOCTOM yrna awneTa ~. 3TO OC06eHHO 4eTKO 
npoRa11ReTCR AJlR npoTOHOa C HMnynbCOM /0,3-;-0,6/ r3B/c. rHCTO
rpaMMa, paCC4~-tTaHHaR AJlR 11HCnapHTe11bHbiX11 npOTOHOa, HMeeT 048Hb 
Manbl~ HaKilOH /no4TH H30TponHoe pacnpeAeneHHe/. 

B o6nacTH 0°.::; ¢.:S 90° . KOppenR~~-tH MoryT 6b1Tb o6"bRCHeHbl a oc
HOaHOM nepepacceRHHeM H pa3aanoM RApa-ocTaTKa, a aKnaA Mexa
HH3Ma norno~eHHR HaH6onee cy~ecTaeH a o6nacTH goo:::; ~::: 180 °. 

Y4acTay~~He a npo~ecce norno~eH~-tR rr-Me3oHa HyKilOHbl pa3ne
Ta~TCR Ha 180° /H3-3a $epMH-AaHlKeHHR HYK110HOa, HMnynbCa norno
~aeMOrO rr -Me3oHa H nepepacceRHHR npoToHa yron ~ HeCK011bKO pa3-
Ma3aH/. EcnH aKnaA MexaHH3Ma norno~eHHR rr -Me3oHa a o6nacTH 
goo_:s ~_5180° COCTaanReT"" 55% AJlR npOTOHOa C HMnyllbCaMH 
0, 18,S p ,S 0, 6 r3B/ C, TO npH HCK11~4eHHH HCnapHTellbHbiX npOTOHOa 
/npoTOHbl C HMnynbCaMH P_:s 0,3 r3B/c/ aKnaA MeXaHH3Ma norno~eHHR 
a03pacTaeT H COCTaanReT ""75% /CM, pHC.2/, 

npH HCCileAOaaHHH OCHOaHbiX xapaKTePHCTHK npo~ecca HCnycKaHHR 
npOTOHOa a 3aAH~~ nonyc$epy npeACTaanReTCR pa3yMHbiM H3y4aTb 
aCCO~HaTHaHble MHOlKeCTaeHHOCTH aTOPI-I4HbiX 4aCTH~ a 3aaHCHMOCTH 
OT 4~-tcna P+ a peaK~HRX 
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Up+ 0 

3KCn, 92+1 

0,18..$ p:;; 0,6 90+1* 

du MOAenb 87 

PHc.2. To ~e, qTo H Ha pHc.1, AnH 
npOTOHOB C HMilYJlbCOM 0,3~P~,6 r3B/c. 

B Ta6n.1 npHaeAeHw TononorH4e
CKHe ce4eHHR npo~eccoa HcnycKaHHR 
P+/a M6/ AJlR Aayx HHTepaanoa HM
nynbca npoTOHOa /a r3B/c/. 3ae3-
A04KOH a Ta611H~e OTMe4eHbl 3Ha4eHHR 
Ce4eHH~, nony4eHHble npH AOny~eHHH, 
4TO ace Hepa3AeneHHble nonolKHTenb
Hble TpeKH RanR~TCR npOTOHaMH. 

H3 Ta6n.1 aHAHO, 4TO npH 6onbWHX 
MHOlKeCTaeHHOCTRX P+MOAellb nnoxo 
aocnpOH3aOAHT 3KCnep~-tMeHTa11bHble 

AaHHble. 

Ta6nHQa 1 

1 2 3 

28,5+0,6 4,1.:!:_0,2 0,26+0,05 
30,2~0,6 4,7.:!:_0,2* 0,29~0,06* 

31 ,8 5,4 0,52 

dnp+ 3Kcn. 1 1 1 + 1 1 3 ' 3+0 '4 0,79.:!:_0,09 0,01.:!:_0,01 

o.a::: P.:s o.Q. 
109~1* 15,2~0,4* 1,1.:!:_0,1* 0,01.:!:_0,01* 

MOAenb 106 17,3 1,42 0,06 

B Ta6n.2 H 3 npHaeAeHbl ce4eHHR /a M6/ acco~~-taTHaHoro polKAe
HHR nP+ a 3aaHCHMOCTH oT np t I P t - npoTOH, Hcny~eHHbiH a nepeA
H~~ nonyc$epy/ HDrr-- a HHTepaane HMnynbCOa AJlR npOTOHOa 
/0,18;;;P.::;0,6/ r3B/c. B Ta6n.4 H 5 npeACTaaneHbl TaKHe IKe AaHHble, 
HO AJ1R HHTepaana HMnyllbCOa /0, 3-;P~ 0,6 r3B/c/, B CK06KaX np~-t
BeAeHbl ce4eH~-tR, pacc4~-tTaHHble no KHM. BHAHO, 4TO npH 6onbWHX 
MHOlKeCTaeHHOCTRX npOTOHOa B C06b1THH MOAellbHble pac4eTbl Cy~ecT
aeHHO npeawwa~T 3KCnepHMeHTa11bHble AaHHble. 3TOT $aKT OT4aCTH 
MOlKHO 06"bRCHHTb noTepeH npOTOHOa a 3KCnepHMeHTe a C06biTHRX 
C 6011bWOH MHOlKeCTaeHHOCTb~. 
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Ta6JIH~a 2 

~ 0 I 2 3 

0 44, 8.±0, 7(27,0) I4,0+0,4(II,6) 2,0+0,2(1,7) O,II+0,03(0,2l) 
38,4,tO,,. 13,~.4· 2,o±o.il o,os;o,o3l 

I 33,8,t0,6(38,2) 10, 3±0, 3(12, 3) 1,4~0,1(2,2) 0,11+0,03(0,24) 
34,3;t0,6)( II,2±0, aJl r.a±o.P' o,r4±o.oa* 

2 I0,7f0,3(15,7) 3,3,±0,2(5,9) 0,52,±0,07(1,06) 0,02_±0,02(0,1 
13,2.±0,3* 4,4,±0.~ 0,62,±0,0~ 0,04tCJ,O~ 

3 2, 2;t0,2 (4, 5) 0, 78+0,09(1,59) 0,13+0,04(0,36) -
3,0,±0,2* r,rs:±o.os* - . 0,2I;t0,04 

4 0,50.±0,08(0,88) O,II;t(>,03(0,37) 0,04,±0,02(0,07) -0,78,±0,0fi£ 0,2I.±O,OaJl 0,05_±0,02. 

5 0, 04_±0,02(0, I5) 0,03,:!:0,02(0,03) - -0,06±0,02* 0,03,±0.02* 

Ta6JIH~a 3 

~ 0 I 2 3 -
0 8,7;!0,3(5,6) 2,2_±0,2(!,86) 0,35±0,06(0,24 

s. 6f0, a• 2,4,!0,2* 0,40.t0,06K -

I 41, I;tO, 7(31, I) !2,5±0,4(!0,7) I,6±0,I(I,59) :>, 12..0, 03(0, I7) 
40, I ,±C. rf'< I3,2j:0,4Jf !,9,±0, I31 ), rJ:fo, o:J* 

2 32,7±0,6(35,0) IO, 6_±0, 3(!3,0) 1,6_±0, !(2,37) ),OI+D, 01 (0,25) 
31,9.t0,63l II,2;t0, 3* I, 8.±0, Ill - * ),I4;tO,OI 

3 8,4_±0,3(12, 7) 2,9;t0,2(5,4) D, 5!_±0, 07 (I, 04) -8, 1_t0,Y£ 3,I;t(>,2* 0,59;±0,07' 

4 I,I;t0,1(2,0I) 0, 35_±0, 06(0, 75) 0, 43,±0,02 (0, 17 -I,I±O,I* 0,35.t0,06* 0,05.f0,02* 

5 0,06,!0,03(0,!8 0,05;±0,02(0,05) - -0,06,±0,03* o,05.to.o2* 
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Ta6JIH~a 4 

~ 0 I 2 

0 73, 7,±0, 9 (54, 6) 8,6j:0,3 (8,2) 0,52,t0,07 (0,60} 
64,6;±0,9* 9,I;t(),jf 0,68z0,01f 

I 30,8f(>,6 (39,4) 3,6j:(),2 (6,5) jo,22j;O,OS (0,57) 
34,3,±0,6* 4. 7j;0,2* 0, 35;t(),05 

2 5,6z0,3 (9,6) 0,8;t(), I (2,0) p,o5,t0,o2 co,I9) 
8,3_±0,3* I,2,tO, ~ p. 06.±0. 0~ . 

3 0,7f0,1 (!,7) O,I5;t0,0-' (0,44 0,00 (0,04) 
I, 3.±0. I 0. 26;t0, 04* 0,0:!1 

4 0,09±0,03 (0,2) O,OI,±O,OI (0,09 -O,I5,±0,ojf o, 02,tO, or• 

5 0,03;10,02 (0,03) - -0, 03;tO. 02* 

Ta6nH~a 5 

~ 0 I 2 

0 IO, 2+0, 3 (6, 6) 
IO, o-;o, ,jl 

1,0+0,1 (1,0) 
I,2~,1K 

0,08j0,02 (0,06) 
p,08j0,0~ 

I 49,3+0,7 (37,4} 5,7+0,3 (5,8) P.36.;t0,06 co,47) 
48,3to,,. 6,5;o,a¥ o, 52,±0, ofJf 

2 39,5;t(),7 (42,9) 5,2;t0,2 (7,2) P,27fo,os <o.s> 
38, 7:t!J, rr 5,9;t0.~ 0,38:!;0,05. 

3 IO, 5,±0, 3 (16, 0) 1,2.±0,1 (2,9) 0,08+0,03 (0,2) 
10,3+0,3*- I,4±0,:fl t>.uio.oY£ 

4 I, 4±0. I (2, 4) ~.14;t0,0-l (0,37) O,OI+O,OI (0,07) 
l,3,±0,IA p,13.±<>,04• - ~ 0, 03;t0, 01 

5 0,09,±0,03 (0,2! 0,03_t0,02 (O,OI -0. 09;{0_. 03* 0,03;t0,0~ 

Ha PHC.3 H 4 npeACTaeneH~ acco4HaTHBH~e MHO~eCTBeHHOCTH rr-
Me30Ho~-MeaoHOB H npOTOHOB Pt B 3aBHCHMOCTH OT 4HCna P~ 
B COfibiTHH B ABYX HHTepeanax HMnynbCOB ,tiiiR npoTOHOB. KaK BHAHO 
H3 pHCYHKOB 1 aCC04HaTHBHble MHO~eCTBeHHOCTH 3apR~eHH~X nHOHOB 
H npOTOHOB Pt BeAYT CeOR He3aBHCHMO OT KOnH4eCTBa npOTOHOB, 
BblneTaiO!qHX B 3aAHIOIO nonyc()lepy. 3TOT BbiBOA cornacyeTCR TaK~e 
c AaHH~MH, nony4eHH~MH npH 3HeprHH 40 f3B/d9/ H 3,7 f3B/c/10I. 
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PHc.3. 3aBHCHMOCTH acco~aTHBHhlX MHO
ie'C'TieuuocTeii TT -Me90HOB H npOTOHOB pt 
OT 'llHcna p~ B COO~THH. llpOTO~ B~opa~ 
B HHTepsane HMnynbCOB O,l~P.::;0,6 r3B/c. 
PacnpeAeneHHe, noMe'lleHHoe sHa'llKOM Y, 
nonyqeuo B npeAnonoJKeHHH, 'ITO see 
uepasAeneu~e nonoJKHTenb~e TpeKH HB
nH~TCH npOTOHaMH. 

n I I T 

~ r- 1Tt -
• • I 

2 r- -

0 T 

2 t- rr- -
I I I 

1 t- -

0 I 

0.8 t- Pt -
t l 

• 
PHc.4. To JKe, 'liTo H ua pHc.3, 0.~ 
AnH npOTOHOB C HMnynbCaMH 

t- • I t -
o,J.::;P.::; 0,6 r3B/c. 0 I I I 

0 i 2 np~ 

TaKHM o6pa3oM, Ha OCHOae npoaeAeHHWX HCCneAOaaHHH MO*HO 
CAenaTb cneAY~He awaOAW: 

1. YcTaHoaneHo, 4TO KoppenA~HH no yrnaM pa3neTa Aayx npo
ToHoa MOryT 6WTb 06bACHeHW, rnaaHWM o6pa30M, 3a C4eT AaYX Me
XaHH3MOa: nepepacceAHHA Ha aHyTpHAAePHWX HyKnOHaX H norno~eHHA 
rr-Me30Ha Ha nape HYKnOHOa AApa. 

2. nony4eHW TOnonorH4eCKHe Ce4eHHA PO*AeHHA npOTOHOa a 3aA
HOO nonyc~epy. 

3. KacKaAHO-HcnapHTenbHaA MOAenb YAOaneTaopHTenbHO onHcwaa
eT He3aaHCHMOCTb MHO*eCTaeHHOrO PO*AeHHA npOTOHOa H 3apA*eHHWX 
nHOHOa OT 4HCna npOTOHOa, HCny~eHHWX a 3aAHOQ nonyc~epy. 
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