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1. BBEAEHHE 

1 1-51 B HaCTOA~ee apeMA HMeeTCA PAA 3KcnepHMeHTanbH~x pa6oT . 
nocaA~eHH~x H3y4eHH~ AaneHHA nonHoro pasaana AApa-MHweHH 
JnPR/ B aAPOH-AAePH~X BSaHMOAeH CT BHAX. 06Hapy~eHO, 4TO aepOAT
HOCTb nPR He 3aBHCHT OT nep&H4HOH 3HeprHH HaneTa~~ero aApOHa , 
aTOMHOrO HOMepa AApa-MHWeHH H COCTaBnAeT BeCbMa 3aMeTHY~ ae
flH4HHy: 3-7% OT BCeX B3aHMOAeHCTBHH aAPOHa C AAPOM. 

no-BHAHMOMy, HaHfionee nOAXOAA~HH MeXaHH3M OfiDACHeHHA ABne
HHA OPR CBA3aH C pacCMOTpeHHeM YCflOBHH 803HHKHOBeHHA H paSBH
THA B AApe YAapH~X BOnH, 06pasy~HXCA B pesynbTaTe aApOH-HyK
noHHOrO B3aHM0AeHCTBHA BHYTPH AApa 16 1 . Ha OCHOBe 3THX npeACTaa
neHHH YAanocb o6DACHHTb HaH6onee xapaKTepH~e oco6eHHOCTH 3Toro 
npo~ecca, TaKHe, KaK BepOA THOCTb nPR, YWHpeHHe CPeAHero yrna 
B~neTa fiwCTP~X 4aCTH~. 

B 3ToH CBA3H ecTecT aeHHO nocTaBHTb aonpoc o nOHcKe a co6w
THAX OPR 3¢$eKTOB, HenocpeACTBeHHO C BA3aHH~X C B03HHKHOBeHHeM 
YAaPH~x aonH. O~enpHHATWH nyTb - 3TO aHanH3 yrnoawx pacnpe
AeneHHH HYKnOHOB, BOSHHKa~HX B pe3ynbTaTe B3aHMOAeHCTBHA / ?-l~/ 
B HacToA~eH pa6oTe 3TOT aHanH3 CAenaH AnA npoTOHOa, ofipasy~-

' -~HXCA npH nonHOM pasaane AAPa yrnepoAa " -Me30HaMH c HMnynb-
COM 40 r38/c. 0CHOBH~e pesynbTaTW HSy4eHHA CBOHCTB TaKHX 
B3aHMOAeHCT8HH onyfinHKOBaHW B HaWeH pafioTe / 5/ . 

2. KPHTEPHH OT60PA , PE3Y~bTAT~ H3Y4EHHR 
Yr~OB~X PACOPEAEflEHHA 

B pa6oTe npoaHanH3HpoaaHo ~18 TWC. "-1 ~-asaHMOAeHCTBHH, 
OT06paHHWX no CTaHAapTH~M KpHTepHAM 1 12 1 Ha CHHMKaX C 2-MeTpoBOH 
nponaHoaoH KaMepw . KaMepa 6~na o6ny4eHa ny4KOM "--Me30HOB 
c P"- • J40,0+0,23/ r3B/c. CpeAH 3THX B3aHMOAeHCTBHH co6wTHA 
C nPR yrnepOAa OT6HpanHCb no KpHTepH~ 11 CyMMapHoro sapAAa" / 6/ : 
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PHc. 1. Yrnoaoe pacnpeAeneHHe npoTOHOB H3 co6~
THH, OT06paHH~X no KPHTepHRM /K1/ , /K2/, /K3/ 
/CM, TeKCT/. 

npH4eM AOnonHHTenbHO Tpe6oaanocb, 4TO&.I 4HC110 HAeHTH¢lH~HpoaaH
H~X B CO&.ITHH npOTOHOB* 

NP ~ 3, /K2/ 

a 4HCJ10 HCnyuteHH~X H3 B3aHMOAeHCTBHH IT+(IT -)-Me30HOB 

niT +(IT-) ) 0 17+ (IT-) ' /K3/ 

rAe n17+(1T-) :3- cpeAHee 4HCnO 77+ (77- )-Me30HOB, o6paaytoutHXCA 
B 77 - 12 C -a3aHMOAeHCTBHAX. JlnR OOCTaHOBKH 3aAa4H OOHCKa 3$$eK
TOB, CBA3aHH~X C YAapH~MH BOnHaMH, BBeAeHHe AOnOnHHTeJlbH~X 
ycnOBHH K2 H K3 enonHe ecTecTeeHHO. AeHCTBHTenbHo, e 3THX 
B3aHMOAeHCTBHAX AOnlKHO o6pa30B~BaTbCA 60nbWOe 4HCnO KaK IT:!: -

Me30HOB, TaK H HYKJ10HOB 3a C4eT OlKHAaeMOrO pacnpocTpaHeHHA B 
RAPe 60nbWHX B036y>KAeHHH. 

Yrnoeoe pacnpeAeneHHe HAeHTH¢lH~HpoeaHH~x a 3THX co~THAX 
npOTOHOB B na6opaTOpHOH CHCTeMe KOOPAHHaT /n.C,K,/ nPHBeAeHO 
Ha PHC. 1. PacnpeAeneHHe aHH30TpOOHO, npH4eM B o6naCTH nepeA
HHX yrnoe HaMe4aeTCA MaKCHMYM B paHOHe 60°. MaKCHMYM B yrnoBOM 
pacnpeAeneHHH npOTOHOB npOA BJlAeTCA 6onee 4eTKO, ecnH BBeCTH 
npH OT6ope co6~THH AOnOnHHTenbH~e KPHTepHH, ~enecoo6pa3H~e 

* npoTOH~ HAeHTH~~HpOBaJlHCb B o6naCTH HMnynbCOB OT 140 AO 
700 M3B/c. nonOlKHTenbH~e 4aCTH~~ c HMnynbCOM > 700 M3B/c C4H
TanHCb IT+ -Me30HaMH, 
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PHc.2. Yrnoeoe pac
npeAeneHHe npoTOHOB 
H3 co6~THH, OT0-
6paHH~X nO KPHTepH
AM /K1/~ /K6/ /eM, 
TeKCT/. 

PHc.3.HopMHpoeaHHoe 
yrnoeoe pacnpeAene
HHe npOTOHOB H3 
co6~THH THna /6K/ 
/x10 4 I - T04KH • , 
T04KH o - ace oc
TanbH~e "- 12 C
B3aHMOAeHCTBHA 
/x 10 3 /. 
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C T04KH 3peHHA 3aAa4H nOHCKa 3¢¢eKTa YAaPH~X BOnH - 3TO OT60p 
CO~THH, COOpOBO>KAatoutHXCA npeHMYuteCTBeHH~M HCOyCKaHHeM npOTO
HOB enepeA a n.c.K. Tpe6oaanocb, 4To6~: 

NP(F)> NP(B) , /K4/ 

rAe N p(F), N p (B) - 4Hcno npoTOHOB, HcnyuteHH~x cooTeeTCTBeHHO 
BnepeA H Ha3aA B n . c.K. B KalKAOM H3 OT6Hpae~X B3aHMOAeHCTBHH. 
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KpoMe 3Toro, Tpe6osanocb, 4To6bl sem14HHa Nps ~ n" + - n" _ + 1 , 
KOTopaR ,qon*Ha 6~Tb nponop~HOHanbHa 4Hcny o6pasosaswHXCR so 
S3aHMO,qe~CTSHH 6~CTP~X npOTOHOB /sHe B03MO*HOH 8 HaWHX ycno
SHRX o6nacTH HAeHTH~Ka~HH/, 6~na saKn~4eHa a npe,qenax: 

1 ~ N ps ~ 3. /K5/ 

Ha senH4HHY HMnynbca aHanH3HpyeM~>~x npoTOHOB ( PP ) 6~no sse
,qeHO orpaHH4eHHe: 

0 , 23 < PP < 0,67 r3B/c. /K6/ 

Yrnosoe pacnpe,qeneHHe npOTOHOB a n.c.K. a cofiwTHRX, OTo6paH
HbiX no seeM KPHTepHRM K J+ K6 I co6wTHR "6K" I, npHae,qeHo Ha 
PHC.2. ~R HarnRAHOCTH Ha PHC.3 nOKa3aHO HOPMHpoBaHHOe pac
npe,qeneHHe 3THX npOTOHOS no-yr.ny 8 S n.C.K, BMeCTe C ,qaHHbiMH 
AnR npoToHos H3 scex ocTan bH~x rr-

12 C - ssaHMO,qeHCTSHH. KaK 
BHAHO H3 pHc. 2 H 3, s paHOHe 55° + 65 ° AnR co6wTH~ "6K" Ha6n~
,qaeTcR 4eTKHH MaKCHMyM, KOTOporo Hf:T S yrnOB~X pacnpe,qeneHHRX 
npOTOHOB AnR scex OCTanbH~X IT-

2 C-cTOnKHOBeHHH. 
Cpe,qHHH HMnynbc npoTOHOS a o6nacTH MaKCHMyMa ~P "' 

= /0 ,327+0,008/ r3B/c, a TO apeMR KaK AnR scex co6~THH THna 
"6K" P;- /0,366:_0,004/ r3B/c . 

• B Ta6n, 1 npHse,qeHa C~aTHCTHKa C06~THH B COOTBeTCTBHH 
C npHMeHReMbiMH K HHM BbiWeHsnO~HHbiMH KpHTep!o1RMH. B 3ToH *e 
Ta6nH~e HMe~TCR ,qaHHble no 4HCny npOTOHOB (N p)• a Ta K*e cpe,q
HHe 3Ha4eHHR < COS 8> , r,q~ 8 - yron HCnyCKaHHR npOTOHOB 
B n.C,K,, H 3Ha4eHHR AHCnepCHH (0) S pacnpe,qeneHHH npoTOHOB 
no COS8. 06pa~aeT Ha ce6R BHHMaHHe CHCTeMaTH4eCKHH pOCT ae
nH4HHbl <cos8> C ysenH4eHHeM 4Hcna KPHTepHeB, npHMeHReMbiX 
K C06b1THRM, 

Ta6nH~a 1 

HoMep 4HCJ10 
npHMeHeHH~X SSaHMO- NP <cos8> D 
KpHTepHeB ,qeHCTSHH 

/K1/ 2031 4913 0,227+0,008 0,290 
/K1/, /K2/ 1515 3463 0 '225'+0 '009 0,288 
/K1 I+ /K3/ 646 2148 0 ,24+0, 01 0,290 
/K1/+/K4/ 503 1593 0,23+0,01 0,290 
/K1/+/K5/ 367 1157 0,35"+0,01 0,228 
/K1/+/K6/ 352 776 0,40!0,02 0,213 
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·PHc . 4. Pacnpe,qeneHHR nap npoTOHOB no MO,qyn~ pas
HQCT; HX aSHMyTanbH~x yrnoa I • - co5.1THR THna 
"6K" 1 0 - BCe OCTaJ1bH~e IT -

12C -a3aHMOAeHCTBHR/. 
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PHc.5. Pacnpe,qeneHHe nap npoTOHOB no KOCHHYCY 
yrna-Me*AY BeKTOpaMH HX HMnynbCOB /o603Ha4eHHR 
Te *e, 4TO H Ha pHc.4/, 

3. CBOACTBA nPOTOHOB B OT06PAHH~X B3AHH0AEACTBHRX 

Ha pHc.4 npHse,qeHO pacnpe,qeneHHe nap npOTOHOB a co5.1THRX 
"6K11 n~J1D pa3HOCTH HX a3HMyTaJ1bH~X yrnoa: 64>~ 1 </> 1 - ¢21 
I¢ 1 - yrn~ a nnocKOCTH, nepneHAHKynRpHOH HanpaBJ1eHH~ ABH*e
HHR HaJleTaiOUtero ,- - MeSOHa/, Ha 3TOM *e PHCYHKe nOKa3aH~ aHa
J10rH4H~e pacnpe,qeneHHR AnR acex ocTanbMbiX ,- 12C -asaHMOAe~cT
BHH. BHAHO, 4TO a npe,qenax owH6oK pacnpe,qeneHHR H30TponHbl 
H COBna,qaDT Anll OOOHX THnoB B3aHMO,qeHCTBHH, 
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TaKOH *e peaynbTaT nony4aeTCR AnR pacnpeAeneHHH nap npoTo
HOB no KOCHHYCY yrna Me*AY BeKTOpaMH HX HMnynbCOB /pHC.5/. 

He Ha6n~AaeTCR cy~eCTBeHH~X pa3nH4HH B 06oHX THnax-83aHMO
AeHCTBH~ B pacnpeAeneHHH nap npOTOHOB no BenH4HHe: 

6 M~4>4> = M')$$ -2MP /1/ 

rAe M34>4> - a¢¢eKTHBHaR Macca ABYX npoTOHOB, Mp - Macca npo
TOHa /pHc.f:./. 

Ha pHc.7 noKa3aH~ CTPYKTYPH~e ~yHKUHH AnR npoTOHOB H3 co~
TH~ "6~/a/, B TOM 4HCne H AnR npOTOHOB H3 06naCTH MaKCH
MyMa IAnR HHX 0,36 < cos0< 0 ,60/ - /6/. 3AeCb *e AnR cpaeHeHHR 
npHBeAeH~ CTPYKTYPH~e ~YHKUHH AnR npoTOHOB, YAOB~~TBOpR~HX 

KpHTepH~ /K6/ H HCny~eHH~X H3 BCeX OCTanbH~X TT- C - B3aHMO
Ae~CTBH~ noA Te~ *e yrnaMH /0,36 <cos0 < 0,60/- /e/*. Pacnpe
AeneHHR COBnaAa~T APYr C APYrOM H HMe~T 3KCnOHeHUHanbH~~ BHA. 
napaMeTp~ HaKnOHa B npH annpoKCHMaUHH pacnpeAeneHH~ e~pa*e
HHeM BHAa 

r ( P: ) = A exp (- B P: ) 
COAep*aTCR B Ta6n . 2 /B CKOOKax npHBeAeH~ eenH4HH~ x 2 

HY CTeneHb CB060A~/. KaK H cneAOBano O*HAaTb /pHC . 7/, 
p~ HaKnOHa AnR pacCMOTpeHH~X 3-x THnOB B3aHMOAe~CTBH~ 
4eCKH coenaAa~T APYr C APYrOM. 

Ta6nHua 2 

/2/ 

Ha OA
napaMeT
npaKTH-

OapaMeTp~ HaKnOHa CTPYKTYPH~X ~YHKUH~ AnR npOTOHOB 

HHAeKc pacnpeAeneHHR 
/eM. TeKCT/ 

/a/ 
/ 6/ 
/a/ 

B/faB/c/-2 

1 2 , 5+0 , 5 I 1 , (:. 71 
12,9'+1,0 /0,54/ 
12,6~0,4 /1,44/ 

B aaKn~'leHHe OTMeTHM, 4TO cpeAHHe xapaKTePHCTHKH BTOPH4H~x 
n ± -Me30HOB B CO~THRX "6K" Ka4eCTBeHHO He OTnH4a~TCR OT aHa
norH4H~X AnR BCeX n-1 2C-e3aHMOAe~CTBH~, COnpO BO*Aa~~HXCR non
H~M paaeanoM RApa-MHweHH. Bonpoc 3TOT 6yAeT npeAMeTOM AanbHe~
WHx HCCneAOBaHH~. 

* PacnpeAeneHHR /e/ HOPMHpoeaH~ K pacnpeAeneHH~ /6/ no nep
eo~ T04Ke. 
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PHc.6. PacnpeAeneHHe nap 
;::;po:TOHOB no eenH 4H He 6M 'l<P4> 
/o6oaHa4eHHR Te *e, 4TO 
H Ha PHC . 4/ . 

PHc . 7. CTpyKTYPH~e ~YHKUHH ~ 
AnR npoTOHOB I 6 - npo1 :>H~ , 
THna a/, • - THna /6/, 
o - THna /e/. 

4. B~BO~ 

' I #t i I 
!La~ 

l 
B yrnoe~x pacnpe~eneHHRX npOTOHOB H3 rr-

12 C-eaaHMOAe~cT
BH~, conpoBO*Aa~HXCR nonH~M paaeanoM RApa-~weHH, Ha6n~Aa eT
CR MaKCHMYM B pa~OHe 60°· 3TOT MaKCHMYM npORBnReTCR Oco6eHHO 
4eTKO, eCnH npH OT6ope C06~TH~ nOnb30BaTbCR KpHTepHRMH, ecTeCT
BeHH~MH C T04KH apeHHR 3aAa4H OOHCKa YAaPH~X BOnH, 

HMnynbCH~e H yrnoe~e xapaKTepHCTHKH npOTOHOB B OT06paHH~X 
nO BCeM KPHTepHRM TT-

12 C -e3aHMOAe~CTBHRX He OTnH4a~TCR OT 
aHanorH4H~x AnR ecex ocTanbH~x co6~TH~. 

AeTop~ 6naroAapH~ KonneKTHBy COTPYAHH4ecTea no o6pa60 TKe 
CHHMKOB C 2-MeTpOBO~ nponaHOBO~ KaMep~ 3a nOMO~b B 06pa6oTKe 
3KCnepHMeHTanbHOrO MaTepHana H o6CY*AeHHA, a TaK*e H.H.Co
nOBbeBy, M.H.noAropeuKoMy, ~.A.TpoRHy aa ueHH~e a aMe 4aHHA. 
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