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1. BBE,UEHI1E 

KaK 6hIJIO nOKa3aHO panee I 11 , CeqeHHR B3aHMOneHCTBHH H MHO)fCeCT
BeHHOCTH BTOpHtIHhIX qéiCTHU, 06pa3YIO~HXCR npa coynapeaaa anep c anpa
MH, ynOBJIeTBOpHTeJIbHO OnHChIBaIDTCR aa OCHOBe npenCTaBJIeHHR o aesa
BHCHMOM B3aHMOneHCTBHH HYKJIOHOB aapa-caapaaa c R,nPOM-MHIlleHblO. 
Hnaue 06CTOHT neJIO c HMnYJIbCHhIMH H yrJIOBhIMH xapaKTepHCTHKaMH 
BTOpHtIHhIX qaCTHU. 113yqeHHe cnexrpa 17-:'Me30HOB, poxcneaasrx npa B3aH
MoneHCTBHH anep yrnepona c RnpaMH TaHTaJIa npa HMnYJIbCe 4,2 r3B/c na 
HYKJIOH / 2• 3 /, nOKa3aJIO cyutecraoaaaae aexoropoã ,nOJIH ( .... 3%) qaCTHU, 
xoropsre ne MorYT 6hITb OnHCaHhI B pasncax MOneJIH BHYTpHRnepHOro 
xacxana, a RBJIRIOTCR pe3YJIbTaTOM KYMYJIRTHBHOro ~3aHMOneHCTBHR 

HeCKOJIbKHX HYKJIOHOB CTaJIKHBaro~HXCR anep. B naaaoã paóore c nensro 
nansneâmer-o H3yqeHHR MeXaHH3Ma B3aHMOll.eHCTBIHI' anep c HApaMH MhI 
HCCJIenyeM cnexrpsr npOTOHOB, 06pa30BaHHbIX npa CTOJIKHOBeHHRX anep 
neHTepHR H yrnepona c anparaa TaHTaJIa npa HMnYJIbCe 4,2 r3B/c na HYKJIOH. 
Ilpononarca CpaBHeHHe 3KcnepHMeHTaJIbHhIX pe3YJIbTaTOB c npencxasaaaa
MH nyõaescxoro aapaaara xacxanao-acnaparem.aoã MOneJIH (,UKM)/4.5,61 

2. 3KCnEPl1MEHTAJ1hHAR METO,UI1KA 

3KcnepHMeHTaJIbHhIH. MaTepHaJI ôstn norrysea c nOMOl.1.UJ1O 2-MeTpoBoH 
nponanoaoá xar-repsr, B paõoueea 06'beMe KOTOpOH pa3Me~aJIHCb 3 TaHTanO
nsre nnaCTHHhI TOJI~HHoH.1 MM na paccroaaaa 93 MM npyr OTnpyra. Karae
pa aaxonanacs B MarHHTHOM nOJIe HanpR)fCeHHOCTblO 1,5 T H ôstna 06JIyqeHa 
na CHHXpO<Pa3OTpOHe llB3 OI1RI1 MpaMH neãrepas H yrnepoaa c HMnYJIb
COM 4,2 r3B/c aa HYKJIOH. 

3aperHCTpHpoBaHHhIe B xar-repe B3âHMo,neHcTBHR H3MepRJIHCb na no
JIYaBTOMaTax CAMET H 06ClIHThIBaJIHCb aa 3BM no nporpasnae reoraerpa
qeCKOH peKOHCTpYKUHH. Cpe,nHRR OIllH6Ka B H3MepeHHH yrJIOB COCTaBJIRJIa 
0,01 paa, a CpenHRR OTHOCHTeJIbHaR oUlH6Ka B onpezteneaaa HMnYJIbCa no 
KpHBH3He rpexa B MarHHTHOM nOJIe COCTaBJIRJIa 12%. Onaaxo HMnYJIbCbI 
nporoaoa B HHTepBaJIe 200-:- 500 M3B/c onpenenanacs no npoõery B npo
naae H OIllH6Ka 3THX H3MepeHHH ae npeasnuana 2%. llpOTOHhI c TaKHMH 
HMnYJIbCaMH COCTaBJIRIOT npH6JIH3HTeJIbHO nOJIOBHHY oõuiero qHCJIa 
nporoaoa. 

npOTOHhI c HMnYJIbCOM MeHbIlle 200 M3B/c nOrJIO~aJIHCb B TaHTaJIO
BbIX nnacraaax H ae perHCTpHpOBaJIHCb. B HMnYJIbCHOM HHTepBaJIe no 
1 r3B/c npOTOHhI H 17+-Me30HhI HneHTH<pHUHpOBaJIHCb no HOHH3auHH H npo
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õery. M3 lillCJIa nOJIO)l(l1TeJIbHbIX qaCTI1IJ; c I1MnYJIbCOM 60JIbllIe 1 r3B/c 7Tt.. 

Me30HbI Bblql1TaJIl1Cb na OCHoBe npeAnOJIO)l(eHI1H o TOM, qTO B 3TOM 06JIaCTI1 

I1MnYJIbCOB lffiCJIO 77+ 11 77--Me30HOB OAl1HaKOBO, TaK KaK HaJIeTaIOIJ..Ufe anpa 

d 11 C conepxcar OAl1HaKOBOe ql1CJIO npOTOHOB 11 HeMTpOHOB. )lOJIH 77+-Me30

ROB cpena nOJIO)l(l1TeJIbHbIX qaCTI1IJ; C I1MnYJIbCOM 60JIbllIe 1 r3B/c COCTaB

JI.HeT OKOJIO 8%. BbIDI1 anecensr nOnpaBKI1 na nOTepIO nporoaoa, BbIJIeTaIO
o 

IUI1X nOA yrJIOM OKOJIO 90 K HanpaBJIeHI1IO nymca 11 OCTaHaBJII1BaJOI..I.J;I1XCH 

B nJIaCTI1He, a TaK)I(e na norepio nporoaon, BbIJIeTaIOI..I.J;I1X nOA 60JIbllII1M 

yrJIOM K nJIOCKOCTI1 ePoTorpaqmpoBaHI1H. MeToA BHeCeHI1H nonpaaox ana
u	 - /7/ ~ 

JIOrl1qeH TOMY, KOTOpbIl1 I1CnOJIb30BaJICH AJIH 77 -Me30HOB . aTI1 nonpaa-

KH pa3JII1lJHhI B pasnsrx I1MnYJIbCHhIX 11 yrJIOBhIX I1HTepBaJIax. CYMMapHaH 

nOnpaBKa COCTaBl1JIa OKOJIO 14% AJIH AeMTpOHHoro 11 yrJIepOAHOro 06JIY

qeHI1M. 

CJIeAyeT OTMeTI1Tb, qTO cpenn qaCTI1IJ;, xoropsre MbI óYAeM Ha3hIBaTb 

npOTOHaMI1, ecrs AeinpoHhI 11 TpI1TOHhI, rcoropsre no BI1AY .rpexoa B npona

HOBOM xavtepe ae OTJII1QaJOTCH 01' nporoaos B 1lII1pOKOM I1HTepBaJIe I1MnYJIb

COB. B I1HTepBaJIe I1MnYJIbCOB 01' 1 AO 2 r3B/c I1X MO)I(HO OTJII1QI1Tb 01' npo

TOHOB no 110HI13aIJ;l1l1, 3AeCb I1X AOJIH AJIH CTa-B3aHMOAeMCTB11H COCTaBJIHeT 

..... 7%. Ilpa onpenerreaaa I1MnyJIbCOB nporonon YQI1ThIBaJIaCb norepa I1MI1 

QaCTI1 3Heprl111 npa rrpoxoxcneaaa TaRTaJIOBOM nJIaCTHHKH. MMnYJIbChI 

AeiiTpoHoB 11 TpI1TOHOB, OCTaHaBJIl1BaIOI..I.J;I1XCH B xasrepe, onpeAeJIHJII1Cb 

B npeAnOJIO)l(eHI1I1, qTO 31'0 OCTaHOBKI1 npOTOHOB, T.e. 3aHl1)1(aJIl1Cb. 31'01' 

rpaxr 6hID YQTeH npn cpaB~eHI1I1 c paCQeTaMI1 no )lKM. 

B QI1CJIO paccMaTplillaeMhlx nporonon ne BXOAHT TaK aaasraaerasre 
crparrmmronsre QaCTI1IJ;hI, T.e. lIaCTI1IJ;hI c I1MnYJIbCOM p> 3 r3B/c 11 yrJIOM 

BhIJIeTa e < 4 0/8/ . 

3: MHO)KECTBEHHOCTh llPOTOHOB 

B Ta6JI. 1 npnaeneno QI1CJIO 3aperl1CTpl1pOBaHHhIX C06hITHM, cYMMap

aoe QI1CJIO nporoaon B HI1X (6e3 crpnrrrnmronsrx) 11 cpeAHHH MHO)l(eCTBeH

HOCTb nporoaon B OAHOM COOhITl111 c YQeTOM 3KCnepl1MeHTaJIbHhIX nonpa

BOK. TaM xce npnaeneaa cpeAHHH MHO)l(eCTBeHHOCTb nporonon B CTa-B3a

I1MoAeMCTBI1HX, npencxaasraaewraa KacKaAHoM MOAeJIblO )lKM. He60JIbllIOe 

Ta6JII1IJ;a 1 

qucllo C06blTUl1, MHOJICeCTBeHHOCTb nporouoe 

N < n >Tan peaKIJ;1111 N co6 • p p 

5741 6,0±0,3 

CTa 666 9186 15,2±0,6 
18385 13,7±0,4 

dTa	 1085 

CTa ()lMK) 1338 

2 

OTJII1Ql1e 3KCnepl1MeHTaJIbHOrO 11 TeOpeTl1QeCKOrO 3HaQeHI1M cpenaeá MHO)l(e

CTBeHHOCTI1 06õHcHHeTcH, nO-Blf):(I1MOMY, TPYAHOCTblO YQeTa 3KCnep11MeH

TaJIbHhIX YCJIOBI1M. HI1)I(HHH rpaaana I1MnYJIbCOB peracrpapyevtsrx nporoaon 

3aBI1CI1T 01' yrrra asinera I1X H3 TaHTaJIOBOM nJIaCTI1HKI1 «(). CpeAHHM rpa

HHQHhIM HMrryJIbC COCTaBJIHeT ..... 240 M3B/c, n03TOMY TeOpeTI1QeCKOe 3HaQe

Hl1e COOTBeTCTBYeT npOTOHaM cp> 240 M3B/c. ECJIH; 3aBHCI1MOCTb rpanan
noro I1MnYJIbCa 01' yrna astnera YQeCTb B MOAeJIH, a B axcnepasrearam.asre 
AaHHhIe ae BBOAI1Tb cooTBeTcTBYIOI..I.J;eM rronpaaxa (no corrracae 3KCe ),TO 

nepl1MeHTaJIbHOrO 11 TeOpeTI1QeCKOrO 3HaQeHI1H cpenaeã MHO)l(eCTBeHHOCTJi 

YJIYQllIaeTCH: <n? >~t(cn. = 14,1 ± 0,6, < np >T eop~ 13,2 ± 0,3.
6B pa60Te/ HaMH õsina onpeneneaa cpeAHHH MHO)l(eCTBeHHOCTb npo

TOHOB B dC- 11 CC-B3aHMOAeHCTBHHX npa I1MnYJIbCe 4,2 r3B/c. COBMecTHo 

c pe3YJIbTaTaMH AaHHOH pa60ThI 31'0 n03BOJIHeT onpenenars 3aBI1CI1MOCTb 

cpenaeá MHO)l(eCTBeHHOCTH npOTOHOB 01' aror-moro Beca KaK anpa-caapana, 

TaK 11 HApa-MI111IeHI1. B Ta6JI. 2 npaaeneasr naparaerpsr annpOKCI1MaUl111 A

3aBI1CI1MOCTI1 cpenaeâ MHO)l(ecTBeHHOCTI1 nporoaon creneaaoã ePYHKUl1eH: 

<n	 > = a A~ Ilaparaerp a i OTHOCI1TCH K 3aBI1CI1MOCTH 01' snpa-cnapana, 
p o B 6Ua t - 01' HApa-MI111IeHI1. epXH1111 I1HAeKC npa ai O 03HaQaeT H.llpo-MI111IeHb, 

a npa a t - anpo-cnapan. B cK06Kax. YKa3aHbI I1HTepBaJIbI 113MeHeHI1H 

arosraoro Beca. KaK Blf):(HO H3 Ta6JI. 2, A-3aBHCHMOCTb cpenaeã 'MHO)l(ecT

BeHHOCTI1 npOTOHOB 01' anpa-caapana (a i ) cyinecraenao 3aBI1CHT 01' aTOM

noro Beca HApa-MHllIeHI1. OHa YCI1JII1BaeTCH na TH)I(eJIOM anpe (Ta) no cpaa

HeHl110 c JIerKI1MI1 HApaMI1 (C). A-3aBI1CI1MOCTb 01' H.llpa-MI111IeHI1 ( a t ) sa

BHCI1T 01' arovmoro Beca nanarouiero. anpa, YCIDIHBaHCb c pOCTOM arovmoro 

Beca HApa-CHapHAa. KpOMe Toro, 06a napasterpa, a i 11 a t, CYIlleCTBeHHO 

3aBI1CHT 01' I1HTepBaJIa I1MnYJIbCOB paCCMaTpl1BaeMbIX npOTOHOB. 

Ta6JII1ua 2 

Ilapauerpm A-3aBucuMoCTU cpeôneü MHOJICeCTBeHHOCTU npOTOHOB 

MHTepBaJI I1MnYJIbCOB C Ta d C 
ai (2-12) ai (2:12) Qt (12-181) Qt (12-181)

npOTOHOB, r3B/c 

0,3-1,0 0,24±0,01 0,44±0,03 0,52±0,03 0,66±0,03 
1,0-6,0 0,56±0,01 0,92±0,05 - 0,02± 0,04 0,20±0,03 
0,3-6,0 0,44±0,05 0,56±0,04 0,35±0,03 0,43±0,03 

Ilpaseneaaoe B Ta6JI. 2 3HaQeHHe noKa3aTeJIH A-3aBI1CI1MOCTI1 01' 

arovnroro Beca anpa-raaurean npn HaJIeTaJOIllI1X HAPax yrnepona (a f = 

= 0,43 ± 0,03) COBnaAaeT co 3HaQeHHeM, nOJIYQeHHhIM na YCTaHOBKe CKM

200 c HCnOJIb30BaHHeM pana npyrnx H.llep-MI111IeHeH /9/ • 
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+1 . +1 . tO ..crJ io e-H ~ ~ t:::I npencraaneasr na pHC. 1. Çneicrpsr HOpMHpOBaHbI na O,n:HO Co6bITHe. ,UJIH1\ c- cn <n c-..:r ~ N o o ~ Hso (j) (J) C'- o H !..C) o :x::o. KOJIHqeCTBeHHoro CpaBHeHHH cnexrpsr 6blJIH arrrrpOKCHMHpOBaHbI B paa.. .. . .. . r:-  O) - ". .o ........
o o o H "I ....V. HbIX HMrrYJIbCHbIX HHTepBaJIaX 3KcrrOHeHUHaJIbHOM 3aBHCHMOCTblO: dNp/dp =~=s

$1 ........ 0
8. = A e - B p. TIOJIyqeHHble naparaerpsr HaKJIOHa B npnnenem.r B Ta6JI. 4 . ...-......roa ::lS :(1)

...-.....-..:;s o E-t ~ B crcofircax YKa3aHbI 3HaqeHHH X 2 na O,n:HY creneas caoõonsr. XOTH na
:2S :7l o l>a7:Q 'O::x:: ::r: o ~ HaqaJIbHOM yqaCTKe crreKTpa 3aBHcHMoCTb He 3KcrrOHeHUHaJIbHaH (60JIbIllHeo o ~ ro ~oE-t E-t N ::'E ~:s: 3HaqeHHH X 2) , MO)KHO c,n:enaTb 3aKJIlOqeHHe o TOM, qTO B 06JIaCTH MaJIbIX }e O& & " H 60JIbIllHX HMrrYJIbCOB, T.e. B 06JIaCTHX <pparMeHTaUHH, CooTBeTcTBeHHoo \ . ot:::I t:: t::4 ~f!~ (I)as H.u.pa-MHIlleHH H H,n:pa-CHapH.u.a, cneKTpbI rrpOTOHOB H3 dTa- H CTa-B3aHMOQ) co- (I') , =.Q) 

o 

-.• ...-..

-. 
:zl :li1\o. ~ ~ i P-t" ... ,r:a;eMCTBHM rro,r:a;o6HbI (6JIH3KHe 3HaqeHHR napaMeTpa HaKJlOHa) . HaH60JIbIllaR ~

P-.- ~
t:: ~ p3.3HHua Me)K.u.y cneKTpaMH Ha6JIIO,r:a;aeTCH B ueHTpaJIbHOM o6JIacur (0,7 ..;-::s: -...- ...-..• - ~ iJE-t ~ .... t=t~ ~ ~ a:l as co ..;- 2,0 r3B/c) . Ha pHC. 1 npHBe,n:eH TaK)Ke crreKTp npOTOHOB H3 CTa-B3aHMo...-.. ...-..f--I E-I 8~ o o o o o 

~OO HN'"l5 o O ,r:a;eMcTBIDI, npe~cKa3bIBaeMbIH llKM. TIOKa3aHO, KaK BJIHReT Ha crreKTp 
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Taõnaua 5 

...L~

000 

o 
oI) 

I)I)I)~ 

~~~~ ~ ~ <> ~ ~ 

1Õ'

10"1 

Nc.cô.ap 
.aOJIJl 6blCOl<03Hep2U1lHblX nporouoe cpeôu npOTOH06-Y'laCTHUI<06 

6 pasumx peatcuunx 

, p dC cc dTa CTa CTaCUKM) 

1 > 1 r3B/c 50% 65% 18,5% 35% 37% 
4 > 4 r3B/c 3% 10% 0,4% 2,0% 2,1%10

1Õ 
onacars KOJlHlIeCTBO aaperacrpapoaaaasrx Me.u;JleHHhIX nporoaoa, a BJlHH
HHe aroporo rpaxropa oxeas MaJIO. ,llKM XopOWO onacsraaer 3I<:CnepHMeH
ransnsrã cnexrp nporouoa H3 CTa-B3aHMo.n.eHcTBHH. B Ta6Jl. 5 npaseneaa1Õ4! I I I I I I 

O 2 3 4 5 .u;OJlH BhlcoKoHMnYJlbCHOH lIaCTH cnercrpa nporoaoa nna pa3HhIX peaKUHH. P(r:~rrc) 
BH.u;HO, lITO 3Ta .u;OJlH cyutecraeaao YMeHbwaeTcH c pOCTOM aror-ntoro Beca 
anpa-raaureua, fiO YBeJlHlIHBaeTCH c pOÇTOM arowmoro Beca anpa-caapana, 

PuC. .1. flMnYllbCHble cnexrpu npOTOH06: e - U3 CTa-63aUMOOeUCrBUU, o - U3 d'Ta I1HTepecHO OTMeTHTb, 1fI'0 npa nepBHlIHOM HMnYJlbCe 4,2 r3B/c aa HYKJlOH 
63aUMOOeUCrBUu. ~ JIKM(CTa). -- -JIKM (CTa) c Y'IeTQM n021l0U4eHUJl npOTOHVB naõrnonaiorca BTOpHlIHhIe npOTOHhI c HMnYJlbCOM BnJlOTb no 6 r3B/c, onaa
6 TaHTQJl06blX nnacruntcüx , _. -. - JIKM c Y'IemM T020 •. '1TO Hü JKCnepUMeHTe õeür KO HX I<:OJlHlIeCTBO onHChIBaeTCH ,llKM, rtpaser-r , COrJlaCHO Mo.u;eJlH, .u;OJlH 
ponst ue OTJlU'IaIOTCJl OT npOTOH06. zteürpoaoa cperia 3THX lIaCTI1U COCTaBJlHeT ncero ~ 7%. 

Yrnoasre pacnpeneneaaa npo-

Taõnaua 4 TOHOB-YlIaCTHHKOB (p> 300 M3B/c)
 

H3 dTa- H CTa-B:laHMo.u;eHCTBHH no

Ilapauetpia natcnona (B) UMnYJIbCH020 cnetcrpa npOTOH06 Ka3aHhI na pHC. 2. BH.u;HO, lITO B
 

CTa-B3aHMo.u;eHcTBHHX õonsuraa
 g~P (%)
.u;OJlH nporoaoa, lIeM B dTa-eTOJlK


I1HTepBaJI 0,3-0,7 0,7-2,0 2,0-4,0 4,0-6,0 HOBeHHHX, nsrneraer non MaJlhIMH
 
HMnYJlbCOB,r3B/c yrnavnr, r-reasure 30°. Moxoro ClIH


rars, lITO KaCI<:a,uHaH Mo.u;eJlb ynoa

dTa 6,2±0,2 2,0±0,1 1,0±0,1 1,5± 0,5 JleTBOpHTeJlbHO onacsrsaer yrnoaoe
 

(2,8) (0,7) (1,3) (1,6) pacnpeneneaae nporouoa H3 CTa
 ~?CTa . 5,3±0,2 1,16±0,05 0,73±0,06 1,5±0,2 B3aHMo.u;eHcTBHH. HeI<:OTOpOe OT
(8,0) (3,0) (1,3) (0,6) KJlOHeHH(! pacsernoã I<:pHBOH OT 

3KCnepl1MeHTaJlbHhIX roxex lIaCTHlI J<> +t? 
CTa CUKM) 3,2±0,1 1,35±0,04 0,67±0,04 1,7±0,~ HO, a B03MO)f(HO, H nOJlHOCTblO, 5 

(4,9) (3,0) (1,4) (0,9) 06'bHCHlIeTCH Tpy.n.HOCTblO BBe.u;eHHH ++<> 
" 

nonpasox na axcnepavretrrarn.asre +<> 

nornomeaae Me,I:(JleHHhIX npOTOHOB B TaHTaJlOBOH nJlaCTHHKe "(illTpHXOBaR 
JlHHHH), a TaK'>Ke onpenerreaae HMnYJlbCOB OCTaHaBJlHBaJOIUHXCH B xar-iepe J


~. PuC. 2. Yenoeue pacnpeàeneuun npoto
,I:(eiiTpoHoB H TpHTOHOB B npe,I:(nOJlO)KeHHH,- qTO 3TO nporoasr (urrpax H06 c ussnynscou p >300 M'JB/c, e - U3 o 
nYHKTHpHaR JlHHHH). BH,I:(HO, lITO YlIeT nepaoro <t>aKTopan03BOJlHeT xopouro Cl'a-esauuoôeücteuú, o - U3 d'Ia-esauuo

àeiicreuii, - - JIKM (CTa). 

6 7 
I: 

40 80 120 160 
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norepn. Hs-aa OrpaHl1lIeHHOH CTaTI1CTI1l<11 nOnpaBKI1 ycpe.n;HHJII1Cb no zro
BOJIbHO llll1pOKI1M I1MnYJIbCHhIM 11 yrJIOBhlM I1HTepELlJIaM. ECJII1 B axcnepa
MeHTaJIbHhle nanaste ae BBO.n;I1Tb nonpasorc, R 3 rccnepar-rerrransasre YCJIOBI1H 

ysecrs B Mo.n;eJII1, TO cornacne Me)K,lJ;y 3KCnepl1MeHTOM 11 paCtIeTaMI1 CYI..IJ;eCT

BeHHO YJIytIllll1TCH (CM. pac. 3a 11 4a). O.n;HaKO npn 3TOM I1CKa:>KaIDTCH 

I1CTI1HHhle pacnpeneneaaa. TI03TOMY MhI npennoxna BBeCTI1 nOnpaBKI1 

B axcnepar-renransnsre naansre. 
Ha pnc. 3 npencraaneasr pacnpenenenaa npOToHoB-ytIaCTHI1KOB 113 

dTa- 11 CTa-B3aI1Mo.n;eHCTBI1H no 6hICTpOTe. PI1C. 3B nOKa3hIBaeT ornonrenae 
3TI1X pacrrpenerrenaá, HOpMl1pOBaHHhIX na O.n;HO C06hITl1e. KaR': BI1,lJ;HO 113 

pnc. 3B, YBeJIl1tIeHl1e MHO)KeCTBeHHOCTI1 npOTOHOB c pOCTOM aroraaoro Beca 

aztpa-cnapana npOI1Cxo.n;I1T npearayntecraeaao B 06JIa~TI1 60JIbllll1X 6hICTpOT, 

B TO BpeMH KaK YBeJIl1tIeHl1e MHO)KeCTBeHHOCTI1 17 -Me30HOB B 3TI1X xce 
B3a11Mo.n;eHCTBI1HX, KaK 6hIJIO nOKa3aHO HaMI1 paaee 121 , npOI1Cxo.n;I1T 0.n;11

HaKOBO BO ncer-r I1HTepBaJIe 6hICTpOT. 

PI1C. 4. nOKa3hIBaeT pacnpe

neJIeHI1H npOToHoB-ytIaCTHI1KOB 113

dNetra/ d'I'a- 11 CTa-B3a11Mo.n;eHCTBI1H no
UNpd1b. 

10 KYMYJIHTI1BHOH nepexreaaoá n k , 

I1MelOru;eH CMhICJI MI1HI1MaJIbHOH 

E - P'I 
MaCChI Ml1llleHI1 (n k = --- 

m 

rne E, P" 11 m-3HeprI1H, rrponorrs
HhlH I1MriYJIbC li r-racca nporona) . 
BI1.n;HO, tITO 31'11 pacnpeneneaas 

5 

OTJIl1tIalOTCH npyr 01' npyra B 06

~ SJ 
~) . JIaCTI1 n k < 1 11 nparcrauecxa COB

nanaior B 06JIaCTI1 n k > 1. Kacxan
~ 20 

10 

HaH Mo.n;eJIb xopomo Onl1ChIBaeT
 

pacnpeneneaae npOTOHOB 113 CTa


CTOJIKHOBeHI1H no nepexreaaoá
 

n k • Tal<I1M 06pa30M,. 'rax Ha3hI


naér-rsre "KYMSJIFlTI1BHhle" npOTO-


PuC. 3: Pacnpeôenenun npOTOH08 c' UM~(%) 
a) nynscou p» 300 M3B/c no õucrpore:

20 
a) x - U3 CTa-83auMOÕeUCrBuu 6e3 no

npaeo«, - JJ.KM (CTa) c YlleTOM no
2fl0U4eHUJl npOTOH08 8 rauranoeux 
naactuntcax, 6) • U o - nporonu U310 
CTa- U dTa-B3aUMOÕeUCrBuu COOrBeT

CrBeHHO c YlleTOM nonpaeox, - JJ.KM 
(CTa),. 8) OTHOZUeHue· pacnpeàenenuü 
õnn CTa-' U dTa-B3aUMOÕeUCT6UU, HOp

-O? o 0,5 1,0 1,5 2,0 ~ 2,5 . Mup08aHHblX na OÕHO esauuoõeiicreue. 

._ o • 
• o o ~ õ), II~ 00 oII '\
 

!
 

I 
J 

I, 0,01 

I 
I 

1opal! 2' 2 3 

n.", n K 

PuC. 4. Pacnpeõenenun npOTOH08 c UMnYflbCOM p> 300 M3B/c no KYMYflJlTU8HOU nepe
MeHHOU: a) x - U3 CTa-83auMOÕeUCrBuu 6e3 nonpaeo«, - JJ.KM (CTa) c yuetou 
n02Jl0U4eHUJl npOTOH08 6 ranranoeux nnactunxax, fi) • U o - nporouu U3 CTa- U dTa

63aUMOÕeUCrBUÜ COO1'8eTCrBeHHO c yueiosc nonpaeo«, ~ JJ.KM (CTa). 

HhI (c n > 1) MorYT 06pa30BhIBaTbcH ne TOJIbKO npn B3aI1Mo.n;eHCTBI1I1
k 

c MHoroHYKJIO~HhIMI1 (MHoroKBapKOBhIMI1) KJIaCTepaMI1, HO 11 B pe3YJIb

rare nOCJIenOBaTeJIbHOrO B3aI1Mo.n;eHCTBI1H c HeCKOJIbKI1MI1 HYKJIOHaMI1 

anpa-raauiena (I1JII1 caapana) , a TaK)Ke npn nOrJIoru;eHI1I1 17+ -Me30HOB 

KBa311.n;eHTpoHHhIMI1 napaxrn HYKJIOHOB B anpe. 31'11 MeXaHI13MhI ytIl1ThIBa

IOTCH B ,ll,KM. 
Ha pac. 5 npaseneasr pac

npeneneana npoToHoB-yqaCTHI1
I I i I i I10 i 

KOB 113 dTa- 11 CTa-B3aI1Mo.n;eH 1~ 
NcoI. a.p1CTBI1H no KBmpaTY rronepenao


ro I1MnYJIbca. BI1.n;HO, qTO c
 

YBeJII1QeHl1eM arosaaoro Beca
 

Hnpa~HapHna B03paCTaeT .n;OJIH
 

npOTOHOB c 60JIbllll1MI1 nonepes


HhlMI1 I1MnYJIbCaMI1. ,1J..JIH KOJII1


QeCTBeHHoro CpaBHeHI1H 3TI1X
 

pacnpeneneaaã OHI1 6hIJII1 arr

.} Q01 

+ 

0,1 

PuC. 5. Pacnpeõenenun npotouoe
IJ. 
, c uunynscos« p>300 M3B/c 120 xeaà~ 

\ apolO o,s 1,5 2 2? 3 3,5 4
paTaM nOnepellllblX uscnynucoet e'  r: (r3~,Ic)CTa, o - dTa, ~ P,KM (CTa). • 
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Ta6JIHQa 6 

Ilapauerpui naicnona (b) pacnpeàeneuusi nporonoe-vuactuutcoe no 
tceaàpary nonepeunoeo uwnvnsca 

I1HTepBaJI p; (r3B/c)2 0,2070,56 0,56-;-2,0 2,Q.;. 4,0 

dTa 

CTa 

6,5±0,4 
(2,7) 
4,3±0,2 
(1,3) 

2,9±0,3 
(0,6) 
2,1±0,1 
(0,5) 

0,9±0,7 
(0,05) 
1,2±0,2 
(2,3) 

CTa (JJ:KM) 4,3±0,2 
(0,8) 

2,9±0,1 
(1,1) 

1,4±0,3 
(0,9) 

rrpOKCHMHpOBaHhI B rpex HHT~PBaJIax rro p f 3KcrrOHeHQHaJIbHOH 3aBH
CHMOCTblO: N (p~) = a e - b P.1 . K03<p<pHQHeHThI HaKJIOHa b npaaeneasr 
B Ta6JI. 6. cfHH nonraepxcnaror r-reaee KPYTOH cnan pacnpenerrenan AJIR 
CTa-B3aHMO,ll;eHCTBHH no cpaBHeHHID c pacnpenenenaexr WIR dTa-eTOJIKHO
BeHHH. PHC. 5 noxassraaer raroxe, lffO KaCKaJJ.HaR MO,ll;eJIb ae onacsmaer 
pacrrpe,ll;eJIeHHR rrpOTOHOB rro KBaJJ.paTY rrorrepe4Horo HMrrYJIbCa Bo6JIaCTH 
p 2.1 > 1 (r3B/c) 2 . B 3TOH 06JIaCTH, no 3KcrrepHMeHTaJIbHhIM ,ll;aHHhIM, 
HaXO,ll;HTCR (6,5 ±0,3) % rrpoToHoB-Y4acTHHKoB, a MO,ll;eJIb rtpencxaasrsaer 
TOJIbKO (3,7±0,2)%. MO)f(HO npennonoacars , 4TO OKOJIO 3% rrporoaoa 
HCrrhITbIBalOT ae KaCKMHoe pacceaaae, a pacceaaae aa HYKJIOHHhIX (r-moro
KBapKoBbIX) xnacrepax. 

.1.~% 
Np dX 

1 

0,1 
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-1 O 
•x 

-3 -2 

Ha pHC. 6 H 7 npencran
JIeHhI pacnpeneneaaa nporo
HOB-Y4acTHHKoB H3 d'I'a- H 
CTa-B3aHMO,ll;eMCTBHH B CHC
rerae uearpa Macc HYKJIOH
HYKJIOH rro <peMHMaHOBCKOH 
neperaeaaoü x H KOCHHYCy 
yrrra B1?IJIeTa. BHMO, 4TO 3TH 
pacrrpe,ll;eneHHR CYLQeCTBeHHO 

Puc. 6. Pacnpeàenenue npOTOHOB 

c uMnYJlbCOM P> 300 M'JBjc no 
(fieuHMaHoBcKoU nepeueunoü x: 
o - U3 dTa-e3auMOàeucrBuu, • 
U3 Cl'a-esauuoõeúcreuú, - J1KM 
(CTa) . 

..
 
II 
~ . 
r" 
:i PuC. 7. Pacnpeõeneuun npOT01l0B c UM

nYJlbCOM P > 300 M'JBjc no KOCUHYCY 
YZJla euneta B cucteue ueurpa scacc HYK
JlOH-HYKJlOH: o - U3 d'Ta-esauuoàeiicr
BUU, • - U3 Cl'a-esauseoôeücreuü, 
- J1KM (CTa) . 

I 

I! 
\ 

I 
r 
'I aCHMMeTpH4HhI OTHOCHTeJIbHO HYJIR, 
I npaxesr, 4eM rrerue HaJIeTaIOlQee azi

po, TeM õorrsuraa ,nOJIH rrpOTOHOB 
JIeTHT nasan. 

6. 3AKJIIOtIEHI1E 

1 ~ 10 

NpdcosS-% 

o 

-1 +1o 
Cose· 

I1CCJIe,ll;OBaHhI MHO)l(eCTBeHHocTb, HMnYJIbCHhle H yrnoasre xapaxrepac
THKH rrpOTOHOB, 06pa3YlOI.QHXCR rrpn CTOJIKHOBeHHRX aztep ,ll;eHTepHH H 
yrnepona c anpar-ra TaHTaJIa npn HMrrYJIbCe 4,2 r3B/c na HYKJ10H naneraro
mero anpa. 

YCTaHOBJIeHO, xrc: 
1. I1MrrYJIbCHhle H yrnoar.re pacrrpeneneaas rrpOTOHOB H3 HApO-R;.:r;epHhIX 

B3aHMO,ll;eHCTBHH H HX cpenane xapaKTepHCTHKH CYLQeCTBeHHO 3aBHCRT OT 
aror-raoro Beca HaJIeTaIOLQerO anpa B OTJIH4He OT 17- -Me30HOB, xapaxrepac
THKH KOTOphIX, KaN 6hIJIO rrOKa3aHO B /21 , ae 3aBHCRTnnn cJIa60 3aBHCHT 
OT THr:Ia anpa-caapana. 

2. YBeJIH4eHHe 4HCJIa npOTOHOB c YBeJIH4eHHeM aror-nroro Beca anpa
cnapana rrpOHCXO,ll;HT rrpeHMYLQeCTBeHHO B 06JIaCTH 60JIblllHX 6hICTpOT 
nporoaoa. 

3. Kacxannaa r-rozrern, JJ:KM Y,ll;OBJIeTBOpHTeJIbHO onncsraaer HMrrYJIbC
asre H yrrroasre pacrrpenenenaa npOTOHOB H3 CTa-B3aHMO,ll;eHCTBHH, aa 
HCKJIl04eHHeM pacnpezreneaaa no xnanpary nonepesnoro HMrrYJIhca. 3TO 
pacrrpenerreaae , rrO-BH,ll;HMOMY, YKa3hIBaeT na rrpHCYTCTBHe OKOJIO 3% 
nporoaoa, oõpasoaaauraxca B pe3YJIbTaTe I<YMYJIfITHBHhIX B3aHMo,neH
CTBI1H c HYI<JIOHHhIMH KJIaCTepaMH. 

ABTOphI asrpaacaror õnaronapxocn, rrepCOHaJIY 2-MeTpoBoH npona
HOBOH rcar-repsr aa nOJIY4eHHe CHHMKOB, a raroxe JIa60paHTaM 3a rrOMOLQbI B npOCMOTpe H oõpaõorrce 3KcriepHMeHTaJIbHOrO r-rarepaana. 
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ApMYTJIHHCKH n. H np, Pl·87-905 
HMnYJIbCHhle H yrJIOBhIe XapaKTepHCTHKH IlpOTOHOB 
H3 dTa- H CTa -B3aHMOneRCTBHH npa HMIlYJIbCe 
4,2 r3B/c na HYKJIOH 

Hccnenoaaasr HMIlYJIbCHhle H yrnoasre XapaKTepHCTHKH npo
TOHOB, 06pa3YIOI.I.J;HXCH npa CTOJlKHOBeHHH aztep AeHTepHH H yrne
porta C H.o;paMH TaHTaJIa npa HMnYJlbce 4,2 r3B/c na HYKJlOH. TIo
Ka3aHO, lffO axcnepasrearam.asre naaasre ynOBJIeTBOpHTeJlbHo 
onHChlBalOTCH ny6HeHcKHM BapHaHTOM KacKMHo-HcIlapHTeJlbHOH 
Mo.o;eJIH (,1l;KM) . 

Pa60Ta asmonaeaa B Jlaõoparopaa BhlCOKHX 3HeprHH üI1JH1. 

Ilpenpaar 06õe,llHHeHHOrO HHCTHTyra R,IlepHbIX HCC1Ie,llOBaHHH. ny6Ha 1987 

Ilepeson JI,H.Eapa6aw 

Armutlíjskí D. et alo Pl-87-905 
Momentum and Angular Characteristics of Protons 
Produced in dTa- and CTa- Interactions at 
4.2 GeV/c per Nucleon Momentum 

Momentum and angular characteristics of protons produced 
in the collísíon of deuterium and carbon nuclei with tantalum nuclei 
at a momentum of 4.2 GeV /c per nucleon have been investigated. 
It is shown that the experimental data are satisfactorily described 
by a Dubna version of the cascade-evaporation model (DCM). 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


