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· 1. BBE,ll.EHHE 

Tipouecc nonHoro paJpyrneHIDI Mpa-MHIIIeHH (TIPM) 'eo BJaHMoiieiicTBm1x im­
.,-iJOHOB H SI.IJ.ep C SI.IJ.paMH .IJ.aBH0 np1rnneKaeT i ce6e' BHHMaHHe irnK SKcnepHMeHTa­
. TOpOJl [1-11],'TaK H TeopeTH~0B [12-14]. )i_tnepec K ST0MY KIIaccy coy.IJ.apeHHH 

, .. o6ycnoeneH )Kenam1eM BhrnBHTh oco6eHHocrn co6h!THH,.c,,IJPM ·no "cpae,HeHH,IO co .. 
BCeMH_ ·. Heynpyrm.rn BJaHMOA_eHCT~H~MH, nOHSITh Mexami~~- a.r:tpoH(~po )-Mepirnro~­
BJaHMO.IJ.eHCTBmi, iipHBO.IJ.SIIUHH i rimiHoMy paJpyrnemiK>'51.!1.pa-MHIIIemi., · 

EOJihlIIHHCTBO pa60T no STOH T~MaTHKe n0CBHIUeH0 H3Y'IeHHIO. npoueCC0B 
n0JIH0rD paJpyrneHHSI. TSJ)KeJihIX M~p q>OTOS~YJihCHH'Ag H 13,r nptt BJaHMO.IJ.eHCTBHH, 
C HHMH np0T0H0B B iirnpOKOM mnepeane SHepmii (BnnOTh .IJ.0400 fsB) [l,2,4,5] 
H a.n,ep OT .IJ.e~Tpotta .IJ.0 cephl (.IJ.o 200. AfsB) [3,4,6--'8]., 

, K qHcny. HaH6onee HHrepeCHhIX peJynhTaTOB ·3THX pa6oT · M0)KH0 omecrn ue­
JaBHCHM0CTh .IJ.0JIH (W) co6hITHll · c TIPM OT SHeprHH CHapSI.IJ.a. e · pAgBr-BJaHMO­
.IJ._elicTBIDIX: W:::: 3% B HHTepeane nepeHqHhIX sttepmii 10+400 rsB [1,2,5]. BMecTe 
c TeM W 6b1cTpo pacTeT c yeenHqe1meM aT0MHoroHoMepa H.IJ.pa-cHapsiria B ».IJ.po­
AgBr-coy.IJ.apettHHX, ttanpHMep npu stteprnH 3,7 fsB/HyKnoH W eoJpacnieT OT 
0,5% wrn pAgBr .!1.0 24% )JJISI SiAgBr-BJaHMO.IJ.eHCTBHH. [2,6::,_8]. O.IJ.HaKO, 
c yeenHqeHHeM sttepnm nepeHqttoro SI.II.pa ST0T pocT JaM.e)JJlsieTcH: npn ::lHepnm 
B,7 fsB/ttyKnoH W )JJIH SiAgBr-coy.IJ.apeHHH cocrnen~eT T0JihKO 13%[8] H npo­

.IJ.CJJI)KaeT y6hIBaTh c. pocT0M SHeprnH _CHap.HJJ:a. Tipn 200 rsB/nyIUIOH .IJ.IlSI 6nH3KOro 
no Macce K Si SI.II.pa cephI W= 10±2%[8]., . . · . · • 
. _Hacrnsimasi pa6orn nocesimetta HJyqettnro o6mnx ·xapaKTepncTnK co6i.1rnii c 

· · nontthIM paJpyrneHHe~ ne~oro Mpa-i,rnrne1rn (12C) no~ .IJ.ettcTBH~M npoTOHOB, · 
. .IJ.e~TP0!fOB, (l-qacrnu H ,HJJ:ep yrnepoia c' HMnynhC0M 4,2 AfsB/c, a TaK)Ke CHCTe­

MaTHqecK0MY HX cpaBHeHUIO C .IJ.aHHhIMH )JJISI Heynpyrnx H.!1.p0~SI.IJ.epHhlX BJaUM0-
.IJ.eHCTBHH. Tio.IJ.o6Hhie pa6oThI, qncno K0TOphlx oqeIJh tteeennKo (cM., HanpnMep, 
[9-11]), 6hum n~ceiliueHhI nJyqettnro npouecca nommm paJpyrne1msi nerKoro 
Mpa-MHIIIeHH JIHllih no.II. .IJ.eiicrnneM a,npoH0B. 

, 2. 3KCTIEPHMEHT AllhHhIH MATEPHAll 

Ha6oph1 .IJ.aHHhIX, paccimTpneae~lhle-:B ttacTosiiµeii pa6oTe, nonyqeHhl c no­
M0IUhIO .!I.BYXMeTpOBOH nponaH0BOH IlYJhlphKOIIOH KaMepbl. OHH BKnIOqa10T B ce6H 
HHq>OpMaunio O ·THnax 'BT0pHqHhlX qacrnu li lIX KH~eMarnqecKHX xapaKTepHCTH­
Kax H noJB0JIHIOT npoeecTH HCCJH!.IJ.OBaHHe ·· Mpo-si.IJ.epHhIX coy;:i,ape1mii -c TIPM 
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B TOM 061,eMe, B KOT0p0M paHee OHO He npoB0.IJ.HJI0Ch. MeTQ.IJ.HqecKHe B0np0Chl 
SKcnepttMeHTa, KaCalOIUHecsi OT6opa B3aHMO.IJ.eHCTBHH Ha SI.IJ.pe yrnepo.IJ.a ll3 Bcex 
co6hITHii B nponaHe, a TaK)Ke H.IJ.eHTHq>HKauHH qacn1u H BBe.IJ.eHllil reoMeTpHqec­
KHX nonpaBOK Ha noTepn qacTHU, Hcnymemfh!X n0.IJ. 6oJihlIIHMH yrnaMH K nno­
CKOCTH cpornrpacpHponaHHSI, paCCMOTpeHhl B [15,16]. 

HanoMHHM JIHllih, qTQ B nponattonoii nyJhlphK0BOH KaMepe npOTOHhl Ha,ne)KHO 
H.IJ.eHTHq>HUHPYIOTCSI no HOHH3auHH H npo6ery B HHTepnane HMnyJihCOB 0, 15+0,5 
fsB/c. TipOTOHhl C p 6 < 0,15 fsB/c HMelOT ;po6er MeHee 2 MM II B 60JihllIHHCTBe na 

CBOeM He BH.IJ.Hhl Ha CHHMKe. Ha nee IlOJIO)KHTMhHhie qacTHUhl C HMnynhC0M BhIIIIe 
0,5 rsB/c BBe.IJ.eHhl neca, onpe.IJ.eJISIIOIUHe Bep0SITHOCTh Toro, qTo .n:aHHaSI qaCTHUa 

+ 
SIBJISieTCSI npOTOHOM HJIH 1t ~Me30HOM. Tipn onpe,n:eJieHHH Becon HCn0JihJOBanHch 

xapaKTepHCTHKH 1t--Me30HOB [15]. 

B COOTBeTCTBHH co CJIO)KHBIIIHMHCSI npe,n:cTaBJieHID!MH O MeXattH3Me MP0-
si,n:epttoro B3aHM0,n:eiicTBllil [16] ace BT0pHqHhie np0TOHhl 6bmH paJ,n:eneHhl Ha: 

1. HCnap1:neJihHhie HJ S1.IJ.pa-MH1IIem1 - npoT0Hhl C HMil)'JlbCOM p < 0,3 fsB/c; 
2. CTpnnmrnroBhie cpparMeHThl Mpa-CHap,HJJ:a - IlOJIO)KHTenbHhle qacTHUhl c 

HMnym,coM 6onee 3 fsB/c H yrnoM Bhmern MeHee 4°; 
3. npoT0HbI-yqacTHHKH - Bee OCTanbHhle np0T0Hhl. 

Bee OTPHUaTeJihHhie qacTHUhI, KpOMe H.IJ.eHTHq>HUHpOBaHHhIX sneKTp0HOB, cq1na­
, JIHCb 1t--Me30HaMH. 

Co6hITHH c TIPM oroHpanHcb HJ nonHhlX attcaM6neii Heynpymx pC-, dC-, 
aC- H CC-nJaHMO.IJ.elicTBHii no npHJmucy HanHqnsi B HHX 5 H 6onee npoToHon c 
HMnynLcoM p < 0,15 fsB/c. HcnonLJyeMuii KpHTepnii oroopa o6ycnoeneH TeM, 
qTo npOTOHhl c HMil)'JibC0M MeHee 0,75 rsB/c n OCHOBHOM SIBJISllOTC.ll cpparMeHTaMH 
Mpa-MHIIIeHH (nepOSITHOCTb Toro, qTQ npOT0H HJ cnapsi.IJ.a noTepSieT 6onee 90% 
ceoeii SHepmH n nerKoM Mpe yrnepo.IJ.a, Mana). 

B1,16paHHhle HaMH KpHTepHH no3BOJISllOT Bhl.!I.MHTh TaKHe MPO-ll,n:epHhie B3aH­
MO.IJ.eiiCTBHSI, B KOTOph!X MHllieHh cpparMeHTttpyeT T0JihKO Ha 0.IJ.H03ap,HJJ:Hh!e cppar­
MeHThl • 

3. BEPO51THOCTH COEhITHM C TIOllHhIM PA3PYIIIEHHEM 
51,ll.PA-MHillEHH. MHO)KECTBEHHOCTH BTOPHqHhIX qACTHU: 

3ttaqeHllil Bep0SITHOCTeii W nosi:BJieHHSI co6hITHii c TIPM n HJyqaeMhIX THnax 
B3aHM0.IJ.eiiCTBHH npHBe.IJ.eHhl B Ta6n.1. 

BH.IJ.HO, qTo STH nepOSITHOCTH ManhI, T.e. nonnoe paJpyrnenHe Mpa yrnep0.IJ.a 
.!I.OBOJihHO pe.IJ.Koe SIMeHHe, oco6emm IlO.IJ. .IJ.eiiCTBHeM npoTOH0B H .IJ.ettTpOHOB. C 
ynenHqenHeM aToMHoro HOMepa Mpa-cnapMa Jnaqenllil W no3pacrn10T. 

Cpe.IJ.HHe MHO:lKeCTBennocTH BTOpHqn1,1x qacrnu HJ pC-, dC-, aC- H CC-nJaH­
MO.IJ.eiicTBHii c noJIHhlM paJpyrnenHeM SI.IJ.pa-MlfrneHH npHBe.IJ.eHhl n Ta6n.2 . .Ilnsi cpa­
BHeHID! TaM :lKe npe.IJ.CTaWieHhl ananornqnhie xaprucrepHCTHKH .!I.IlSI C0OTBeTcTByro-
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J.UllX Heyapyrnx c?ynapeHllH. Be.rmqllHbl ( v N }, IIpllBe,[{eHHbie u Ta6n.2, xapaKTe­

Pll3YIOT cpenHee q11cno H)'KJI0H0B 113 Mpa-cHapH)la, yqaCTBYIOJ.UllX BO B3aHMO.[{eii­

CTBHll C MP0M yrnepona: 

(vN}= 2(QA -(Qstr}), 
p 

me QA - 3apM Mpa-CHap»na, ( Q t } - cpe.[{HHH 3apM, YHOCHMblH CTpHIIIIHHro-
p s r . 

BbIMll cpparMeHTaMll. 

lfa ap11ueneHHb1x nanHbIX BH.[{Ho, qTO co6b1m» c TTPM xapaKTepHJyro-rc» cy­

mecrneHHo 6onbweii MH0)KeCTBeHH0CTblO ucex BT0pHqHbIX 3ap»)KeHHbIX tJaCTHU, 

KpoMe cppaIMeHTOB MllWeHll c p < 0,15 faB/c 11 cppaIMeHTOB H)lep-cttap»nou. 

TaMHl.{a 1. CTaTHCTHKa COOl,ITIIH II EepollTHOCTH nWIHOfO pa1pymeHHll MHWCHII 

BlaHMO)lettCTBllll 

pC dC ac cc 

Nin 5283 6733 4852 7326 
co6 

NnPM n ~5 128 189 182 285 
co6 • P 

0,15 !!.pp< 0,75 ThB/c 

W,% 2,42±0,21 2,81 ±0,20 3,75±0,28 3,85 ±0,23 

Ta6JJHQa 2. XapaKTepncmKH pacnpeAeJICHHH no MHOJKecroeHHOCT11 AC-co61,rr11ii c IlPM 
(•111CJ11ITeJib) 11 ocex Heynpyrnx (311aMeHaTeJI1,) 

BlaHMO)lCHCTBllll 
XapaKTepllCTl!Ka 

pC dC aC cc 

( n±) 
7,79±0,14 8,67±0,14 · 11,2±0,2 15,0±0,3 
3,32±0,02 4,48±0,0Z 6,61 ±0,03 9,88±0,QJ 

(n - ) 
0,86±0,07 1,07±0,06 l,80 ± 0,08 2,18 + 0,09. 

" 0,38±0,0l 0,69±0,Ql l,03 ± 0,01 l,39±0,0l 

(n;') 
3,25±0,13 3,67±0,12 5,11 ± 0,13 6,75±0,17 
l,72 ± 0,01 l,97 ±0,0l 2,96±0,0Z 4,26±0.0Z 

( nP ),pp< 0,15, ThB/c 
0,93+0,09 0,47±0,09 . 0,33±0,09 0,28±0,12 
4,44±0,02 3,91 ±0,02 3,35±0,0Z 3,13±0,02 

( nP ), 0,15 $pp< 0,3, ThB/c 
2,73±0,12 2,59±0,IO 2,31 ± 0,09 2,ll ±0,08 
0,56±0,Ql 0,66±0,0l 0,74±0:0l 0,67±0,Ql 

( nP ), 0,3 $Pp< 0,75, f::iB/c 
2,55±0,ll 2,72±0,Q9 3,03±0,09 3,20±0,08 
0,65±0,0l 0,79±0,0l 0,97±0,0l 1,07 ± 0,01 

( nP ), Pp~ 0,75, ThB/c 
0,62±0,05 0,82±0,06 l,88 ± 0,09 3,05±0,12 
0,85±0,0l l,02 ± 0,01 l,74±0,0l 2,83±0,0Z, 

(VN) 
l l,61 ±0,06 2,98±0,08 6,12±0,14 . 
l l,40 ± 0,01 2,40±0,0Z 4,32±0,03 
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KaK ~e OTMeqanocb BbIWe, MepHb!e cpparMeHTbl c IIpo6eroM MeHee 2 MM n 

npoaanouoii KaMepe He BH.[{HbI H aoaToMy He pemcTP11pyroTc». OueH11T1, cpenHee 

qHcno He3apemcTpllp0BaHHbIX IIp0TOH0B M0)KH0 II0 cpenHeMy He.[{0CTalOJ.UeMy 3a­
PMy: 

( Q} = QA + QA - (( Q }+ - ( Q }""), 
p T 

me QA - JapM Mpa-MHwerm, ( Q / ....:. cpenH11ii 3ap»n ucex BT0pll'IHbIX aono­r 

)KlfTenbHbIX qaCTllU, BKnlO'Illil CTpllIIIIllHfOBbie, ( Q >- - cpe.[{Hllii 3apH)l Bcex 0Tpll­
UaTenbHbIX 'IaCTllU. 
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Puc.I. Pacnpe11eneH11ll no MHOJKCCTBCHHOCTU DCCX 3aplllKCHHLIX '13CTIIU B neynpyrnx AC-co-
6L1T11l1X ( o ) n B co6LITl!llx c IlPM ( • ); a) - pC-, 6) -c dC-, o) - aC- H r) - CC-BlaHMo­
AeiiCTBllll. Kp1101,1e - pe1ynLTaT annpOKCIIMal.{IIU pacnpe11eneH11ii ( e) KPIIBLIMII raycca 
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Pttc.2. Pacnpe)le.nemll! no Mll0JKeCTBeHH0CTH 7C-Me30H0B B pa:mH'IHl,IX aHCaM6m1x AC-coy)la­

peHHH. O603HatieHHll - CM. pHc.l 

B co6b1,nsix c TIPM cpennnii ne)iocTaIOll.Uiii 3ap.sin OKa3ancsi paBHhIM 0,93 wrn 
pC- n 0,28 ,!J,JI.SI CC-B3aHMoueiicrnnii (cM. rn6n.2), T;e. cpaKmtJecKn, B paccMaT­

punaeMoM KJiacce coynapennii tte3apemcTpupoBattHOH oKa3anach JIHlllh ne6oJib­

mIDI JJ.OJHI npOTOHOB. }iHIDI cnryauusi na6JIIOJJ.aeTc51 ,!J,JI51 ueynpyrnx AC-B3UHMO­

JJ.el!CTBHH, rne Bem1tJnua ( Q) H3Mem1eTC51 OT 4,4 ,!J,JI51 pC- .uo 3, I ,!J,JI51 CC-coyna­

pettutt (CM. Ta6J1.2). Ha Ham B3rJI.Sl)l, 3TOT cpaKT CBHJJ.eTeJibCTByeT O TOM, lJTO B 

«cpeJJ.HeM» ueynpyroM MPO-51.UepHOM B3UHMOJJ.eHCTBHli 6oJibllIU51 'IUCTb sinpa-MH­

meHH coxpa1rneTC51 B HeB036}')1(,[{eHHOM HJIH cna6o B036y)KJJ.eHliOM COCTO51HHH. 

KaK BUJJ.HO 113 JJ:UHHbIX, npHBCJJ.eHHbIX Ha p11c. l +5, pacnpenene1rn.si IIO MHO)Ke­

CTBeHHOCTII BTOplltJHblX 3apa;KeHHblX lJUCTIIU 113 B3allMOJJ.eHCTBIIH C 11PM 3HatJH-
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Pttc.3. Pacnpe)lenCHHll no MH0JKCCTBCHH0CTH np0T0H0B-yqacTHHK0B HJ pa:mHtIHI,IX ancru.16J1eH 

AC-B33llMO/lCHCTBHH. 060JHa'leHHll - CM. pttc. I 

TeJibHO OTJIHtJaIOTc.si no cpopMe OT ananorwrnhix pacnpenenennii ,!J,JIH neynpyrnx 

co6bnnii • .[{JI.si B3aHMOJJ.eikrnuii c noJIHhIM pa3pymenneM .sinpa-M11men11 xapaKTep­

no AOBOJibHO CHMMeTpwmoe, OTHOCHTeJibHO cpennero 3Ha4eHH.SI MHO,Kecrnen­

HOCTH, pacnpeneJienue, B TO BpeM.SI KUK ,!J,JI.SI neynpyrnx co6bJTHH 3TOii CHMMeTpHH 

HeT. .[{JI.si HUrJI.Sl)l.HOCTH pacnpe.[{eJieHH.SI C06bJTHH C 11PM annpOKCHMllpOBaJIIICb 

KpHBbIMH raycca. 0TMeTHM, 'ITO ,!J,JI.SI 60JiblllllHCTBa B3UHMO,[{eHCTBHH C 11PM 4HCJIO 

ncnapnTeJibHb!X npOTOHOB (0,15 $.p <0,3 foB/c) npHMepHO paBHO lJHCJiy 6b!CT-p 

pblX (0,3 $. p < 0, 75 foB/c) npOTOHOB-cpparMeHTOB .Sl.[{pa-MHllleHII. BMeCTe c TeM p 

ua6JIIO,[{aJIHCb co6bITH.SI c ITPM, B KOTOpblX Bee cpparMeHTbl MHllleHII - JIH6o 

7 



·r c· l 0 r, a ! 04 

6 

.-- 0.4 
......., I of\ 

' o.2t +I' ~ I 
0.2 

~ /' 
0 \ I. 

0 l--' , , , , , 9 , , , ~. , , , I at, 0 
I I I I 

0 2 4 6 8 0 2 4 6 8 

n? nP 

.. 
0 co. 0 C 

<J <l 
'-. 8 

'-. r I z z 
;':1_ 0.4 

<l ,,...._ 
z 

A 
Z 0.4 

'-. '-. ... ... 
......., ......., 

~/f'\ 
0.2f-

02~ 0 

~ 
0 \, ~ I 

0 
0 

2 4 6 0 2 4 6 
np np 

PHc.4. PacnpeJ1e.I1eHm1 no MHOJKecTBeHHOCTII npOTOHOB C HMnyJJbCOM 0,15~ Pp< 0,3 faB/c. 

O60111aqe11mi - CM. pHC. l 

HcnapHTeJJbHbie npOTOHbl (3 + 4%), JJH6o npOTOHbl c 0,3 5.p < 0,75 P:1B/c 
p ' 

(2+7%), CM. pHc.4,5. ECJJH npHHllTb TOtJ:KY 3peHHll KaCKaJJ.110-HCnapHTeJibHOH MO-

JJ,eJJH [ 12, 17], TO 3TO MO)KeT cny)KHTb YKaJaHHeM mt TO, tJ:TO npouecc, npHBOJJ.llIUHH 

K nOJJHOMY pa3pyrneHHIO llJJ.pa-MHllleHH B 60JJblllHHCTBe llJJ.pO-llJJ.epHbIX B3aHMOJJ,eH­

CTBHft, npOXO,!lHT B ,!lBe CTaJJ,ltH: 6bICTpyro (KaCKaJJ.) H MeJJ,JJeHHYIO (HcnapeHHe). 

BMeCTC C TeM BCTpeqatoTCll, XOTll H JJ,OCTaTOlJ:HO peJJ,KO, B3aHMO,!leHCTBHll, B KOTO­

pbIX pa6oTaeT TOJJbKO KaCKaJJ.HbIH HJJH TOJJbKO HcnapHTeJJbHblH MexaHH3M. 

3aBHCHMOCTb MHO)KeCTBeHHOCTeH BTOpHtJ:HbIX tiaCTHU B co6bITHllX c TIPM OT 

aTOMl!OfO HOMepa llJJ,pa-cttapllJJ,a (Ap-JaBHCHMOCTb) npe,!lCTaBJJeHa B rn6n.2. BHJJ.HO, 
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PHc.5. Pacnpe)le.lleHmi no MHOJKecTBellllOCTH npoTOIIOB c HMnyJll,COM 0.3~ Pp< 0,15 faB/c. 

O603Ha'ICHml - CM. pnc.1 

'ITO cpe.rtHHe MHO)KeCTBeHHOCTH Bcex TIUIOB tJaCTHU, KpOMe ucnapnTeJJbHbIX npo­

TOHOB, B03paCTalOT C pocTOM A . 803MO)KHOe OOl,llCHeHHe 3TOro cpaKTa: C ysenu­p 

lleHHeM A B03pacTaeT cpe.rtHee lJHCJJO HYKJJOHOB CHapll)J,a, yqaCTBytoIUHX BO B3aH-
p 

MO.!leHCTBHH C MHllleHblO, tJTO npHBO.!lHT K pOCTy MHO:lKC~TBeHHOCTH 6b1cTpbIX 

cpparMeHTOB MHlllCHH 0 YMeHblllCHHIO MaCCbl OCTaTOtJHOro ll.rtpa 0, CJJe.l{OBaTeJJbHO, 

K na,u.eHHIO MHO:lKCCTBCHHOCTH MeJJ,JJCHHbIX npOTOHOB. 

8 Heynpyrnx llJJ.pO-ll)J,epHbIX B3aHMO.rteHCTBHllX C ysenu11euueM A B03pacTaeT 
p 

KaK cpeJJ,Hee lIHCJJO npOTOHOB C HMilYJJbCOM B HHTepBane 0,3+0,75 r::iB/c, TaK "· 3a 
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cqeT 60JihIIIOH MaCChl OCTaToqHoro Mpa, cpeiwee qncno ncnapHTCJlhHhlX npoTO­

HOB. 

qTO )Ke KacaeTCH 3aBHCHMOCTH cpe,nHHX MHO)KeCTBeHHOCTeH 7t--Me30HOB, a 

TaK)Ke npoToHou-yqacTHHKOB OT Maccouoro qncna ».npa-cHap».na, TO npn nepexo.ne 

OT dC- K CC-coy,napem1»M OHa aHanomqHa TaKOBOH .L\JI» Heynpyrnx ».npo-».nepnhtx 

B3aHMO,L\eHCTBHii (CM. rn6n.2). 

Hau6onee CHJihHa» AP-3anncnMoCTh, 6nn3Ka» K A~l3
, Ha6mo.naeTc» .L\JI» npo­

TOHOB C mmyJihCOM Bh!IIIC 0,75 f::iB/c. B TaKoii )Ke CTeneHH pacTeT C yuenuqem1eM 

AP If l!HCJIO npOTOHOB CHap».na V/(v)=(vN)/2), yqacrnyromnx BO B3aHMO-

,neiiCTBHH c ».npoM-MHIIIeHblO. 11MeHIIO OHH, u OCHOBHOM, n cocTaBJI»IOT rpynny 

6hICTpb!X npOTOHOB. BKJia,n B 3TY rpynny npOTOHOB, BhI6HThIX H3 MHIIIeHH, He­

BeJIHK H COCTaBJI»eT no HaumM oueHKaM OKOJIO 15% ,L\JIH a.C- If CC-B3aHMO,L\eii­

CTBIIH: ,Il.rrn pC- n dC-coy.napeHnii cpe,n1rn» MHO)KeCTBeHHOCTh npoTOHOB c HMnynh­

COM p $; 0,75 faB/c C yqeTOM neBH,L\HMhlX npOTOHOB C HMITYJihCOM p $; 0,15 f3B/c 

n npe,nenax ourn6oK panua 6. 

4. HMTIYJihCHhIE 11 YrJIOBhIE XAPAKTEPHCTHKH 

BTOPHqHhIX lJACTHU 

Cpaunenne m,mynhCHhIX II yrnoBhIX pacnpe.neneHHH BTOpnqHblX 11aCTHU 113 

neynpymx »,npo-8,l:lepnhIX coy,nape1rni-i n B3aHMo,neiicrnnii c noJIHhIM pa3pyweHHeM 

MHIIIeHH noKa3hrnaeT, qTo cneKTphI 7t--Me30HOB B pC- n dC-co6h1Tn»x c TIPM 

HeCKOJihKO M»Ne, qeM n coorneTCTBy10mux Heynpymx (rn6n.3). ,Uri» aC- u CC­

coy,napennii 3TH cneKTphI npaKTnqecKn H,L\eHTnqnht B o6onx Tnnax B3anMo.neii-

cTBHH (pnc.6). Cpe,nHHe nonepeqHble HMITYJihChl 7t--Me30HOB He 3aBHCHT JUI OT 

aTOMHOro HOMepa cnap».na, HH OT CTeneHH ,ne3HHTerpaunn ».npa-MHIIIemI If paBHhl 

0,25±0,01 f3B/c. 
H~myJihCHble If yrnoBhle pacnpe,nenemrn 6blcTpblX cppan.,1eHTOB MHIIIeHH o6Ha­

p~HBalOT cna6y10, Ha ypoBHe $; 5%, Ap-3aBHCHMOCTh B CTopouy ynennqeHHH cpe.n-

uero nMnynhca II TaKoro )Ke YMeHbllleHn» cpe,nHero yrna nhmern npn nepexo,ne OT 

pC- K CC-coy,napeHHHM (rn6n.3). B uenoM mmymcHhie n yrnOBhie xapaKTepn­

CTHKH npoTonon c nMnynhCOM 0,15 :s;p < 0,75 f3B/c n3 co6hITHii c TIPM 6nn3KH p 

K COOTBeTCTBYIOlUHM xapaKTepHCTHKaM npOTOHOB H3 Heynpyrnx B3aHMO,L\eHCTBHH 

(pnc.7,8). 
OTMeTnM, qTo yrnoBbte pacnpe,nenenn» ncnapnTeJihHbIX npoTOHOB aHH30Tpon­

HhI B na6.cncTeMe, KaK .L\JI» co6hITHii c TIPM, TaK n .L\JI» neynpyrnx B3aHMo,neii­

CTBHii (pnc.9); K03cpcpnuneHThl aHH30Tponnn 

a.= (F- B)/(F+ B), 

10 
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me F H B - qncno npOTOHOB, BblJICTa!OlUHX B nepe,nHIOIO If 33,L\HIOIO nonyccpepbl 

COOTBeTCTBeHHO COCTaBJIHIOT ,L\JIH cnyqaeB c TIPM 0,25±0,05, a ,L\JIH Heynpymx co-

6bITHH - 0,23±0,02, T.e. npaKrnqeCKH COBIT3,L\aIOT. 3TOT cpaKT CBH,L\eTeJibCTByeT o 

TOM, qTQ ncnycKaHHe Me,L\JleHHbIX (0,15 $;p < 0,3 f3B/c) npoTOHOB npoHCXO,L\HT 
p 

H3 CHCTeMbl, KOTOpa» HMeeT HMITYJihC B JI.C.K. B HanpaBJieHHH ,L\BH)KeHH» uaneTalO­

mero ».npa nocne 3auepIIIeHHH 6bICTp0il (KaCKa.L\HOH) CTa.L\HH B3al!MO,L\eHCTBHH 

CTaJIKHBaIOlUHXCH ».nep. 

Tali.nuQa 3. Cpe)luue HMDyllLCHL1e u yrnoBL1e xapaKTepHCTHKH AC-co6Lrruit c IIPM ('IHCJJHTeJJL) 
H ecex ueynpyrnx (1uaMeHaTenL) 

XapaKTepHCTHKa 8JaHMOJICHCTBHll 

pC dC aC cc 

(p _ ), f3B/c 
0,43±0,Q3 0,49±0,Q3 0,59 ±0,03 0,61 ±0,02 

" 0,50±0,01 0,55 ±0,01 0,59 ±0,01 0,60±0,00 

( 0 - ). rpaJI 
53,7±3,7 44,3±2,3 45,4 ± 2,1 41,9± 1,4 

" 49,2±0,7 44,6±0,5 43,2 ± 0,5 39,8 ±0,3 

( p {' ), foB/c 
0,66±0,Q3 0,77±0,Q3 1,09 ±0,04 1,43±0,Q3 
1,26 ± 0,01 1,31 ±0,01 1,56±0,01 1,88 ± 0,01 

(pr;, ), f3B/c 
0,40±0,01 0,38 ±0,01 0,43 ±0,01 0,44 ± 0,01 
0,44±0,00 0,45 ± 0,00 0,49±0,00 0,49±0,00 

(0{'), rpa/l 
55,8 ± 1,6 54,9± 1,3 45,7± 1,0 38,8 ±0,7 
37,7± 0,3 38,3 ± 0,3 34,5 ±0,2 28,6±0,1 

(pp)' 0,3:SpP<0,75, foB/c 
0,45 ± 0,01 0,45±0,QI 0,46±0,01 0,47 ±0,01 
0,47±0,00 0,47 ±0,00 0,47 ±0,00 0,48 ± 0,00 

(SP), 0,3 $Pp< 0,75, foB/c 
61,7± 1,7 64,2 ± 1,5 60,6± 1,3 58,7 ± 1,0 
58,1 ±0,5 59,0±0,4 58,2 ± 0,4 55,9±0,3 

(pp), pP~0.75, f3B/c 
1,53±0,08 1,84±0,Q7 2,12±0,06 2,43±0,05 
1,86 ± 0,01 1,97±0,01 2,17 ±0,01 2,41 ±0,01 

(pl.p ), Pp~ 0,75, foB/c 
0,67±0,04 0,57±0.0Z 0,57±0,0Z 0,55 ±0,01 
0,52±0,00 0,54±0,00 0,57 ±0,00 0.55 ± 0,00 

(SP), Pp~ 0,75, rpa/l 
31,5±2,1 24,4± 1,4 21,7±0,9 18,0 ±0,5 
22,1 ±0,2 22,2±0,2 21,4±0,2 18,2±0,1 

\1MnymcHhte II yrnoBbte pacnpe.neneu11» npoTOHOB c pp> 0,75 f3B/c (B ocnou­

H0M 3TO cpparMeHThl ».npa-cuap».na) 3aMeTHO 3aBHCHT OT AP KaK ,L\JIH co6btTllii C 

TIPM, TaK n .L\JI» ucex Heynpymx. C pocTOM AP cneKTp npoT0H0B crn110BHTc» 

)KecTqe (( p ) - pacTeT), a yrnouoe pacnpe,neneHHe CTaH0BHTC» y)Ke ( ( 0) -p . 

YMeHhIIIaeTc») (CM. Ta6n.3). O6pama10T Ha ce6» BHHMaHne cymecTBeHHO MeHhllllle 
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PHc.6. Pacnpem:JJeHHJI 7C-Me30HOB no 6LICTpOTe 8 11eynpyrnx AC-co6L1THJIX (o) H 8 co6LITHJIX 
c nPM ( • ); a) - pC-, 6) - dC-, e) - aC- " r) - CC-eJaHMOJ.leHCTBHll 

cpe.o.m1e HM0YJihChl 1-1 6blCTpOTbl " 6om,nme ( p 1.> 1-1 ( 0) )JJISI np0T0H0B C pp> 

> 0,75 r3B/c a pC-cTOJIKHosemrnx c TIPM, no cpaaHeH1-110 c TaK0BhIMH s Heyn­

pyrnx coy.o.ape11m1x; s aC- 1-1 CC-eJaHMo.o.eifcTBHSIX TaKoro 3<p<peKTa ue ua6mo.n:a­

eTcsi (rn6n.3). )laHHble, np1-1se.o.eHHhle Ha puc.10, HarJISI.!J.H0 .o.eM0HCTPHPYIOT 1-13-

Meueuue xapaKTepa 6hICTPOTHblX pacnpe.o.eneHHH np0T0H0B c p >0,75 faB/c c 
p 

yaeJIHtJeHHeM aT0MH0fO H0Mepa "· cne.n:osaTeJihH0, lJHCJia B3aHMO.O.eHCTBYJOmHX 

HYKJI0H0B H3 SI.O.pa-cuapsi.o.a (CM. Ta6n.2). 11TaK, noKa3aH0, lJT0 HMnyJibCHble " yr­

JI0Bhie xapaKTepHCTHKH np0T0H0B c HMnyJibCaMH s HHTepsane 0,3:5; p <0,75 faB/c 
p 
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PHc.7. YmOBLle pacnpeJ.leJJCHHJI npoT0II0B C HMfiYJJLC0M 0,15 ~Pp< 0,75 faB/c. O60J11aqe11Hl1 

-CM. pHc.6 

1-1 p > 0,75 f3B/c )JJISI dC-, aC- 1-1 CC-co6b1rnif c TIPM cosna.n:a10T HJIH 6nH3KH K p 

xapaKTepHCTHKaM Tex )Ke rpynn np0T0H0B H3 C00TBeTcTBy10m1-1x Heynpyrnx AC­
B3aJU.IO.O.eHCTBHH. Cne,noeaTeJibHO, T0JibKO paJJIHlJH0e COOTHOIIIeHHe Me)KJ.(y 

lJHCJI0M np0TOHOB OT cpparMeHT3U.HH MHIIIeHH H CHap.sma. cpe,nu npOTOH0B­
yqaCTHHKOB npHBOJ:IHT K cymecTBeHH0MY OTJIHlJHIO HX pacnpe,neneuuii: no KHHe­
MaTHtJeCKHM nepeMeHHblM s cpaBHHBaeMblX rnnax co6bITHl1 (TIPM u neynpyrne) 
(puc.11, 12). 

B ymoBbIX pacnpe,neneHHSIX npoTonos-yqacTHHK0B HJ pC-, dC- " aC-cTOJIK­
Hosenuii: c TIPM BH.!1.HbI oco6e1111ocTH B o6nacTH O"" 50°+60° (nau6onee Bhip3)Ke-
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PHc.8. E1,1crpornL1e pacnpe)leJJCHHll npoT0H0B c 0,15 $Pp< 0,15 raB/c. O603Ha'ICHHll - CM. 

puc.6 

Hhl OHH wrn pC) (pHc.12), KOTOpb!e )'KaJbIBaIOT Ha B03MO)KH0e o6pa30BaHHe y.nap­

Hh!X BOJIH B 3THX B3aHMO,lle°i1CTBHHX. B 7t-C-B3aHMO,!(eiicTBHHX .TaKHe oco6eHHOCTH 

Ha6JIIO,llaJIHCb npH 5 [10) tt 40 [9] rsB/c. 

6 + -11HTepeCHOe HBJieHHe O Hapy)KeHO HaMH npH cpaBHeHHH cneKTpOB 7t - H 7t -

MeJOHOB HJ H.llpO-MepHhIX coy.napeHHii c TIPM. B HHTepsane HMnynhcos OT 0, 1 .no 

0,3 fsB/c 'IHcno 7t--Me30HOB npeBhiwaeT 'IHCJIO 7t+-MeJouos Ha 27% a dC- H CC­

CTOJIKHOBeHHHX tt Ha 49% a cxC, qero He Ha6JIIO,!(ae_TCH a neynpyrnx co6bITHHX. 

TT - - + ,1-1,eHCTBHTeJibHO, BO BJaHMO,lleHCTBHHX CHMMeTpll'lllbIX H,llep pacnpe.neneHHH 7t - H 
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Pttc.9. Yrnos1,1e pacnpeueneHHll npornuos c 11Mny.11,coM 0,15 $pp< 0,3 faB/c. O60J11a•1enttll -

CM. pnc.6 

7t -MeJOIIOB ,llOJl)Kl{bl COBn~aTb no BCeM nepeMellllbIM. MO)KHO npe.nnoJIO)KHTb, 

+ .. 
'ITO 11e.nocTaI01IJ,He MaJI03Heprn'lllbie 7t -Me30Hbl npOB3aHMO,lleHCTBOBaJIH B H,llpe yr-

nepo.na C KBaJH,lleHTpOHHOH napoii (7t+ + (np) ➔ p + p), Tel\f caMblM YBeJill'IHB 

'IHCJIO npOTOHOB a KOHe'IHOM COCTOHHIIH. TiocKOJlbKY KpHTeptteM OT6opa co6b1THH 

c TIPM cn~uno HaJIH'IHe 5 H 6onee npoToHOB c p < 0,75 f::iB/c, TO co6b1TH}l c p 

nomometttteM 7t+-Me30HOB nonommntt rpynny BJaHMo.neiiCTBHH c TIPM. PeaKUH~ 

7t- + (np) ➔ nn npHBO,llHT K yMeHbWeHHIO 'IHCJla npOTOHOB n co6blTHH H, cne.nosa-

15 



.. - -

>. 

6 i r- <l a '-1 

i;t 
z 

t H t-" tr 0 t O 05 

l Tt 
0.51-

( Hr '·" !' ~-~ i · 0 
0 t 2 -1 D 

0 1 -1 

YP yp 

>. 0.8 

i'i r f:f H,,H , 
<l 

' z 
<1 z 0.6 ,,,, ' ,--.J 

o,r $ ' 
0.4 

' t 0 
0.2 t 

'• t . 1• i ' I ' .- I i 'I 
0.21-

i • 0 0 1 2 0 
-1 0 1 2 -1 

YP YP 

PJ.lc.) 0. oLICTpOTIILIC pacnpeJICJJCHHll npOTOH0B C pp> 0,75 r3B/c. O603Ha'ICHHll - CM. pHC.6 

TeJlbHO, 3TOT Kattan He MO)KeT CJl)')KHTb HCTO'IHHKOM nonom1eHHll aHCaM6nll co-

6b1rnii c TTPM. 
TTpose11eHHbltt ananHJ no ::ineproBblJleJieHHIO B co6bJTHllX C nonHblM pa3py-

rne1rneM llJlpa yrnepo11a no11 11eiiCTBHeM nenrnx Mep noKaJan, 'ITO naneTaromee 

llJlpO npH BJaHMOJlettCTBHH TeplleT, B cpe11neM, Ha 20% 6onblue ::inepnm, tJeM B 

COOTBeTCTBYIOIUHX neynpyrnx coy11apeHHllX. 3Ta 3Heprnll, B OCHOBHOM, HJleT na 

YBeJIH'leHHe MHO)KeCTBeHHOCTH BTOpH'IHblX tJaCTHU, a ne Ha YBeJlH'leHHe HX 

HMnynbCOB. AuanorntJHbltt BblBOJl MO)KHO c11enaTb no peJyilbTaTaM pa60T, nOCBll­

meHHblX a11anmy co6blTHH C nonHblM pa3pyUieHHeM llJlep Ag " Br [2,6]. 
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PHc.11. OLICTpOTilble pacnpe)le..'ICIIIUl npoTOH0B-yqaCTHHK0B. O603Ha'ICHHll - CM. pttc.6 

5. CPABHEHME XAPAKTEPJ1CTJ1K COEhITMH C TTOJIHbIM 

PA3PYll1EHJ1EM JIErKOfO 11 T5DKEJIOfO ~Jl.EP-MJ1IllEHEH 

,Il,nll cpasneHHll peJynbTaTOB, nonyqeHHbIX npn ananHJe co6bJTHii c nomiblM 

pa3pYUieHHeM llJlpa yrnepoi.!,a no11 11eiicTBHeM nenrnx Mep-cuapHrios: p, d, a. n 
12

C, C HMelOIUHMHCll B IlHTeparype JlaHHblMH )Vlll B3llliMO]lettCTBH0 C TTP TRlKeJIOB 

KOMilOHeHTbl 3MYJibCHH - llJlep Ag H Br npu coy11apenm1x C TeMH )Ke .llJlpaMH-CHa­

PllJlaMH, 6bIJIH OT06paHbl ueynpyrne ll11PO-l1J1epHbie B3aHMO]leJICTBHll, co11ep)Ka1UHe 

4 " 6onee npOTOHOB c HMilYJibCOM pp :s; 0,95 f::iB/c, 'ITO COOTBCTCTByeT KpmepHllM 
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P11c.12. YrnOBbie pacnpe)leJICHllll npOT0H0B-}"laCTHIIK0B. O6o3HatJeHllll - CM. p11c.6 

p 

oT6opa co6umii c TIP n!)Kerroro Mpa-Mttmem1 B cpoT03MynhcHH [l-8]*. KpoMe 

Toro, B H3yqaeMblX co6b1Tm1x, B COOTBeTCTBHH C q>DT03MynhCHOHHOH MeTOJJ.HKOH, 
BCe BTOpHqHble qacTHQhl 6bmH pa3JJ.eJieHhl Ha: 

1. s-qacTHUhl, K KDTOpblM Mhl OTHecnH npDTOHhl c p > 0,95 f3B/c 
p 

(T> 400 M3B) H nHDHhI c p > 150 M3B/c (T> 60 M3B); 

2. g-qacTHQhl - npoT0Hhl c HMnynhC0M B HHTepnane 0,24 < p ~ 0,95 f3B/c 
p 

(30 < T~ 400 M3B) H nH0HhI c 60 <p ~ 150 M3B/c; 

*Ilp11 Kp11Tep11l1X, IICil0Jib3yeMblX Mll oroopa co6m11ii C IlP llJlep Ag II Br B q>OT03MYJibCIIII, cpen11 
q>parMeHTOB MIII1IeH11 Ha6JIJO)laKlTCll He T0JlbK0 0)lH03apll,nHble, HO II q>parMeHTbl c z ~ 2. 

18 

Ta6JI11ua 4. BepollTHOCTH IlOJIHOro pa1pyweHHl1 nenrnii (H3WH )laHHLie) 
11 TlllKeJIOii ([ 1--8]) MHrueneii 

8JaHMOJleiiCTBHll 

pC dC aC 

NilPM > 4 co6'np_ 
425 718 729 

0,15 5.pP <0,95 faB/c 

W,% 8,0±0,5 10,7 ± 0,4 15,0±0,6 

pAgBr dAgBr aAgBr 

NnPM n ~ 28 96 120 
co6 ' h 

0 <ph < 0,95 f3B/c 

W,% 0,5 ±0,2 2,6±0,5 6,8 ±0,9 

cc 

1346 

18,4 ± 0.5 

CAgBr 

114 

18,5 ± 2,3 

3. b-qacTJIUbl, B 4Hcno KOTOpbIX BKnI04eHbl npoTOHbl C HMnynhC0M 

p < 0,24 f38/c. 
p 

TipH cpaBHeHHH xapaKTepHCTHK co6bITHH C nOJlHblM pa3pyrnem1eM JierKOH H 

UDKenoii MHllleHeH npH 6mnKIIX 3Heprm1x Ha HYKJlOH CHapMa (3,3+3,7 f38) 

6bmH o6Hap~eHbl cneny10mue KalJecTBeHHble 3aKOIIOMep110CTH: 

oC yne11utJe1rneM aTOMHoro HOMepa S1JJ.pa-cnapS1;1.a B o6oux c,1yqruix pacTeT 

JJ.Oml (W) co6bJTHH C TIPM cpe)].H Bcero aucaM6m1 Heynpyrnx co6b1rntt. O.n.HaKO 

«CKOpOCTll» pocTa 3THX J].OJieii 3HaquTeJlbHO OTJlH'JalOTCSI )].Jill nerKoro II Tl!)!(eJioro 

Mep npH cymeCTBemrnM pa3ml4l!H a6cOJ1IOTHblX BeJlHlJHH BblXO,Ua co6bITHH C 

TIPM no)], neiicTBHeM npoTOHOB, )J.eiiTpOHOB H a.-qaCTHU (cM. rn6n.4). Tipu nepe­

xone OT pC- K CC-n3aHMO)J.eiicTBHl!M W B03pacrneT c 8% no 18%, rnr;i.a KaK J])ll! 

AAgBr-BJaHMo,ueikTBHH oua H3MeHl!eTCl! OT 0,5% .uo 18,5% [6]. Bnonue nousirno, 

lJTO BepOl!TH0CTb nOJIHOro pa3pyrnem1S1 11erKoro l!.ll,pa-MHllleirn npH B3aH­

MO)],eHCTBHH C JierKHMII Sl)J.paMH-CHapmuum (TaKHMH KaK p, d, a.) Bblllle, lJeM B 

cnyqae Tl!)KeJI0rO l!)J.pa-MHllle!IH. l11nepeCHblH pe3yJibTaT COCTOHT B TOM, lJTO l!)J.po 

yr11epona C HMnyJibCOM 4,5 Af::iB/c C ommaKOBOH eepOl!THOCTblO pa3pywaeT H ner­

Koe, n TS1,KeJ1oe l!Apo. 

oC yBe11114e1meM AP cttapsiAa II a AC-, 11 n AAgBr-coynapeum1x, c TIPM ao1-

pacTa10T cpemrne MH0,KeCTBeHH0CTH s- H g-tJaCTHU, a ( nb > yMeHbWaIOTCl!. OAHaKO 

B03pacrnnue ( ns) )J.Jll! AAgBr-co6b1mii, 11)].eT 311atJHTeJ1bHO 6b1cTpee (-A) [6], tJeM 

)].Jill AC-coynapeu11ii (-A 112). PoCT ( ng) n yr.te11billeuue ( nb) npu nepexone OT 

dC- K CC-nJaHMO)J.eiicTBHl!M npoucXOAHT npHMeptto TaK,Ke, KaK npu nepexo.n.e oT 

dAgBr- K CAgBr-crnnKHone1111siM. 
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Pttc.13. Ap-3llBHCHMOCTH YilC/ILHLIX MHOJKCCTBCHHOCTeii s- - a), g- - 6) u b-'laCTHL{ - B) )Vlll 

AAgBr ( e) H AC (o) B3aHMO)lCHCTBHii C nPM H HX OTHOWCHIIJI (•) 

•.!l.1u1 AC- H AAgBr-co6b1rnfi c nonHLIM paJpyrneHHeM si.npa-MHllleHH ua6mo­

.naioTcsi 6nHJKHe Ap-JaBHCHMOCTH y.nenbHblX MHO:lKCCTBCHHOCTefi g- H b-t!aCTHU 

(( ng) / ( v N ), ( nb) /( vN )) npH cymecTseHHOM paJntttrnH AP-JaBHCHMOcTefi .nnsi 

orno111eHHS1 ( ns) / ( V N ), '!TO MO:lKHO yBHJ(eTb HJ nose.neHHSI OTH0IIICHHfi y.nenLHbIX 

MIIO:lKCCTBCHHOCTefi 

R= ((n)/(vN))AAgBr 

((n)/(vN))AC 

(pHc.13). Y.nenbHble MHO:lKCCTBCHHOCTH S-'laCTHU s AC-co6bITHSIX c TTPM c pOCTOM 

AP yMeHblllaJOTCSI, a B AAgBr B npe.nenax 0111H60K OT AP He JaBHCSIT. 
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6. 3AKJHOYEHI1E 

TTpmie.neHHbJH aHanHJ AC-co6LITHH c nonnLIM paJpyrnenHeM si.npa-MH111en11 

npH 4,2 Af38/c H cpaBHCHHe xapaKTepHCTHK 3THX co6bITHH C COOTBCTCTBYIOll.(HMH 

xapaKTepHCTHKaMH neynpyrnx BJaHMo.neficTBHH nerKHX SIJ(ep (p, d, a, C) c SIJ(p0M 

yrnepo.na noJsonsiioT c.nenaTb cne.nyiomue BbIB0.llLI: 

eTTpH HCnOnbJOBaHHbIX HaMH KpHTepHSIX OT6opa J(0nSI C06b1THH C TTPM COC­

TaBnSICT - 2,4% B pC-coy.napeHm1x H BOJpaCTaeT. C ysenH'ICHHeM aTO~moro IIOMepa 

uanerniomero si.npa, .nocTurasi 3,9% B CC-coy.napeuusix. 

• Co6LITHSI c TTPM SIBnSIIOTCSI s cpe.nHeM 6onee ueHTpanbHbIMH, s HHX npH­

HHMaeT Y4aCTHe 6onbllle HYKJJOHOB, uaneTalOll.(He si.npa TCpSIIOT s cpe.nHeM 6onLwe 

3Hepnm npH CTOnKHOBCHHH C MHWCHblO no cpaBHCHHIO co BCCMH HeynpyrnMH 

BJaHMOJ(eHCTBHSIMH. 3m 3H~prnsi IIJ(eT Ha ysenH'!eHHe Mlf0)KeCTBeHHOCTH nHOH0B 

H ua nonuoe paJpyweHHe si.npa-MHWeHH, '!TO npHBOJ(HT K ysenH'!eHHIO Mlf0)KeCT­

BeHHOCTH cpparMeHTOB MHWeHH. 

e l1MnynbCHble H yrJIOBble pacnpe.nenellliSI 7t--MeJOHOB, npoTOHOB-cpparMeHTOB 

si.npa-MHllleHH H npOTOH0B-y'laCTHllKOB HJ si.nep-cuapl!J(OB ,ll,Jlll co6bITHH C TTPM (Ja 

llCKJIIO'leHlleM pC) B npe.nenax OWH60K COBnaJ(alOT C COOTBeTCTBYIOll.(HMH pacnpe-

.neneHllllMH ,ll,Jlll ueynpyrnx AC-sJaHMo.neficTBHH. . 

•TTpoTOHbI-Y4aCTHHKH B co6bITHllX c TTPM HMelOT HHOH HMnynLCHLifi cocrns, 

'!eM B ueynpyrnx AC-sJaHMO.neficTBHllX. 

• YsenH'leHHe MlfO)KeCTBCHHOCTll BTOpH'IHblX '!aCTHU (Kpmte HcnapHTenbHblX) 

B co6b1TH5IX C TTPM 51BnllCTCll cneJ(CTBHeM Toro, '!TO HYKJIOHbl H3 llJ(pa-cnapSIJ(a 

npeTepneBalOT B llJ(pe-MHlllCHH HeCKOnbKO BJaHM0J(eHCTBHH (KaCKaJ() . C o6paJo­

BaHl!eM BTOpH'IHblX '!aCTHU, KOTOpble, B CBOIO O'lepe.nb, TO)Ke BH0CllT BK.lla.l( B yse­

JlH'ICHHe KOHe'IHOH MHO)KCCTBeHHOCTH ttaCTHU s co6LITHH. 

e 51.npO-MHWeHb Hnll ero OCTaTOK nocne BbI6HBaHHll HYKJJOH0B Ha 6bICTpoii 

CTaJ(HH BJaHMOJ(CHCTBHll nonY4aeT JHa'IHTenbHblH l!MnynbC, nepeXOJ(HT B 6onee 

CHJlbHOe, '!eM B HeynpyrHx co6bITHllX, BOJ6Y:lK.l(eHHOe COCTOllHHe, a CHllTHe BOJ-

6y)KJ(eHHll peanmyeTCll '!epeJ HcnycKaHHe HYKJJOHOB (Hcnapenue). 

• B npouecce nonnoro paJpyweHHll SIJ(pa yrnepo.na peanHJ)"IOTCll, no Kpaiiuefi 

Mepe, J(Ba MexaHHJMa ll.llpO-SIJ(epHblX BJaHMOJ(eHCTBHH - KaCKaJ( H HCnape,me. 

TTpH'leM HMelOT MeCTO co6bITHll TOnbKO c KaCKaJ(HOH HJlH T0JlbKO c ucnapuTenbHOH 

CTMHeii paJpy111eHHll MHWeHH. 

ABTOpbl 6naro.napHbl BCeM yttacnmKaM Me)KJ(yuapomrnro COTPY.llllH'leCTBa no 

o6pa6oTKe qJHJlbMOBOH HHqJOpMauHH c 2 M nponaHOBOH nY3blpbKOBOH Kfiltepbl 

JI83 Ol151l1 Ja nonY4eHHe 3KCnepHMeHTaJJbHOro MaTepuana, HCnOJlb30BaJIHOro B 

HaCTOl!ll.(eM HCCJleJ(0BaJiHH, na6opaHTaM Ja npocMOTp nneHOK H HJMepe,me co-

6LITHH. 
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Eo11JJ.apeHKO A.H., EoHJJ.apenKo P.A., KnaJJ.HHUKM E.H. 
_ HJyqenHe MPO-MepHhIX BJaHMOJJ.eHCTBH~ c noJIHhIM 
. I . . . . 

pa3pywe1meM 51JJ.pa~MHwe1m npH HMnynhce 4,2 f38/c na HYKJIOH 

PI-96-447 

B pa6oTe HccneJJ.yeTC51 npouecc nom1qro · paJpyweHH51 51JJ.pa yrnepo.na no.n 
.neiicrnHeM npoTOHOB, .neiiTpouo·e, CX-tJacnm H· Mep yrnepoJJ.a npH HMnynhce 
4,2 f38/c Ha HYKJIOII. Onpe.neneHbl MHO)KeCTBeHHOCTH, HMnyJihCHble H yrJIOBble 

' . ' ~ 

xapaKTepHCTIIKH BTOpHl!HblX _tJaCTHU H HX JaBHCHMOCTh OT aTOM~Oro HOMepa 
51;:{pa-cHap51.na. Ilpoee.ne110 cpaeueHHe pC-,- dC-, ciC- n CC-eJaHMOJJ.eHCTBHH c 
noJIHblM pa3pywe1iHeM 51JJ.pa-MHWeHH (nPM) C COOTBe~CTBYIDIUIIMH HeynpyrnMII 
BJaHMO.[{eHCTBH51MII_. nonyqeHHble -peJyJihTaThi CBll.[{eTeJihCTBYIDT · 0 ·TOM,' _lJTO . B 
npouecce nonuoro pa3pywem151 Mpa yrnepoJJ.a peanmyioTC51 no Kpaiiueii Mepe .nea 
MexamBMa 51JJ.p0-51JJ.epHbIX BJaHMo.neiicrn11.ii: .·KaCKaJJ. H Hcnapem1e cpparMeHTOB 
M11we1m. 

Pa6orn BhmOnHe1ia B Jia6oparnpHH BhICOKHX 3Heprnii OH5IH. _ 

- IlpenpHHT 061,e)lHHellHOfO IIHCTIITYfa,lll!epHblX IICCJle)lOBaHllii. lly6Ha, 1996 

ITepeeo.n aernpoe 

Bondarenko A.I., Bondarenko R.A., Kladnitskaya E.N. 
Study of Nucleus-Nucleus Interactions with Complete Destruction 
of the Target Nucleus ~ith Moment~m 4.2 GeV/c ·per Nucleon 

Pl-96-447 

Process · of the complete . destruction of carbon target by protons, deuterons, 
alphas and carbon nucleus with momentum 4.2 _GeV/c per nucleon are investigated: 
Multiplicities, momentum and angular characteristics of secondary particles and their 
A-dependence are presented. These data are systematically compared with charac-
-teristics · of inelastic. pC; dC, ~C and CC _interactions. According to experimental 
results·two mechanisms - cascade and evaporation of target fragments are realised 

-in the process of the complete destruction of carbon nucleus. 

The investigation has beih perfor~ed at the Laboratory of High Energies~ JINR. 

Preprint of the Joint Instit~te for Nucle~ Research. Dubna, 1996. 


